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Quercetin diminishes the cAMP-stimulated ClI- secre-
tion by blocking Na+,K+ -ATPase in epithelial cells
Sun, hongxin'; Niisato, Naomi'S; Marunaka, Yoshinori'23('Kyoto Pref.
Univ. of Med., Kyoto, Japan, ’Kyoto Pref. Univ. of Med., Kyoto, Japan, *Heian
Jogakuin Univ., Kyoto, Japan)

Epithelial Cl- secretion plays an important role in production of driving
force for water movement. The aim of the present study was to inves-
tigate the action of quercetin, a flavonoid, on Cl- secretion in epithelial
A6 cells. Quercetin stimulated epithelial Cl- secretion under basal
conditions, but diminished it under cAMP-stimulated conditions via
modification of activity of Na+-K+-2Cl- cotransporter (NKCC) contrib-
uting to Cl- uptake across the basolateral membrane. However, we
have no idea on mechanisms of quercetin action. As the Na+K+-pump
is essentially required for production of the Na+ gradient generating
NKCC activity, we assessed effects of quercetin on the pump by mea-
suring the ouabain-sensitive current in apically nystatin-treated cells.
Quercetin reduced the pump current about 50%, but quercetin stim-
ulated NKCC. Based on these observations, we speculate the following
points. 1) Under basal conditions, the pump activity would be much
larger than the NKCC activity. Therefore, even if quercetin inhibited
the pump, the Na+ gradient would be still kept large enough for
quercetin to fully show its stimulatory action on NKCC, resulting in
an increase of Cl-secretion. 2) Under forskolin-stimulated conditions,
the pump activity would not be much larger than the NKCC activity.
Therefore, if quercetin inhibited the pump, the Na+ gradient would
not be kept large enough for maintenance of the forskolin-stimulated
activity of NKCC, resulting in a decrease of Cl-secretion. No COL

Moderate binding affinity of the Na*/H* exchanger
NHE1 for calcineurin is critical for downstream NFAT
signaling.

Hisamitsu, Takashi; Wakabayashi, Shigeo(Dep. of Mol. Physiol., Natl.
Cer. Cardiovas. Ctr, Osaka, Japan)

Calcineurin (CaN), a Ca**-dependent phosphatase, is a key molecule to
govern pathological cardiac hypertrophy. CaN dephosphorylates a
downstream transcription factor NFAT, which in turn induces hyper-
trophic gene expression. However, the mechanism of CaN regulation
is unclear, because CaN is not activated by increase in cytosolic Ca®
concentration caused by the excitation-contraction coupling in cardio-
myocytes. CaN has been hypothesized to be efficiently regulated via
the interaction with plasma membrane Ca?*-handling proteins in the
local vicinity. Recently, we have found that a pH-regulating transport-
er NHE1 activated the CaN-NFAT signaling, leading to cardiomyocyte
hypertrophy via direct binding of CaN to the 6-residues motif (PVIT-
ID) in the cytosolic domain of NHE1. We hypothesized that local pH
increase produced by NHEI enhanced the activity of CaN bound to
NHE] via sensitizing Ca?*. However, it is unknown how CaN signal is
transmitted from NHE1 to NFAT. In this study, we performed the
detailed mutagenesis study for CaN binding site of NHE1. Substitution
of the PVITID sequence with either high (PVIVIT) or low affinity
sequence (PVIAVN) both abolished the CaN-NFAT signaling. Ala-
nine-scanning mutagenesis revealed that the original NHE1 sequence
was the best for signal amplification, suggesting that the balanced
affinity between NHEI and CaN is critical for the efficient signaling.
We consider that such moderate interaction is important for removal
of CaN from NHEI and rebinding to downstream target NFAT after
NHEI1-dependent activation. No COL

Stabilizing effects of G protein on the active confor-
mation of the adenosine receptor type 1a differ de-
pending on the type of G protein

Tateyama, Michihiro; Kubo, Yoshihiro(Div. Biophysics & Neurobiol., Dept.
Mol. Physiol., NIPS, Okazaki, Aichi, Japan)

We recently reported that the stabilizing effects of G protein binding
on the stabilization of the active conformation of the receptor differ
depending on the type of receptors. In the present study, we aimed
at investigating the effects of different types of G protein on the active
conformation of the Gi/o-coupled adenosine type la receptor (A,,R),
by using a fluorescence resonance energy transfer (FRET) technique.
For this purpose, examined Ga subunits were the Gail, Gao and the
chimeric Gaqib which binds to the A,R and stimulates Gq signaling
pathway. YFP fused at the C-tail of the A;,R showed the agonist-in-
duced increases in FRET from CFP attached to the Gf1 subunit in
the presence of the Gail and Gaqib but not of the Gao, suggesting that
the YFP-fused AR interacts with the Gail and Gaqib but not with
the Gao. To examine the effects of the different Ga subunits on the
active conformation of the AR, we made functionally intact AR
FRET constructs which are fused with YFP and CFP at the third
intracellular loop and C-tail of the AR, respectively. The FRET con-
structs showed slight FRET decreases upon the agonist application,
which were significantly enhanced by the Gail and Gaqi5 but not by
the Gao subunits. In addition, the enhancing effect of the Gaqib on the
FRET decrease was significantly larger than that of the Gail. These
results suggested that effects of G protein binding on the stabilization
of the active conformation of the A,,R differ depending on the type of
G protein. No COL
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Structural rearrangements of the linker beta strands in
P2X2 are coupled to the pore in a voltage dependent
manner

Keceli Batu; Kubo, Yoshihiro(National Institute for Physiological Sciences,
Okazaki, Japan)

P2X, is an extracellular ATP gated cation channel, which shows volt-
age dependent gating with no canonical voltage sensor. Three inter-
subunit ATP binding sites are linked to pore forming transmembrane
(TM) domains by f-strands. We analyzed voltage dependent structur-
al rearrangements of the linker strands using an engineered thiol
modifiable site. (1) We observed that a double mutants of D315C&I167C
(at f-14 and f-1 respectively) shows increase in current 3-6 fold by
reducing agent (DTT). Washout of DTT and application of Cd2+ in-
duced current decline due to the bond formation between D315C and
167C. This effect was absent in WT or in either single point mutants.
(2) Cd** induced current decline was analyzed at depolarized and
hyperpolarized potentials with different pulse protocols in the presence
and absence of ATP. (3) Current decline by Cd?* could not be observed
in the absence of ATP, but only in presence of ATP, suggesting state
dependent modification. (4) In presence of ATP, Cd** modification was
faster in hyperpolarized conditions than in the depolarized condition,
suggesting voltage dependent structural rearrangements of the beta
strands linking ATP binding site to TM domains. (5) Finally we per-
formed the similar analyses with a pore mutant T339S which makes
the channel constitutively active at all membrane potentials. With
T339S Cd?* modification rates were similar in depolarized and hyper-
polarized conditions. Overall results suggest that structural rearrange-
ments of the linker domains of P2X2 are coupled to the pore in a
voltage dependent manner. No COIL

Endothelin-1 induces contraction through endothelin
receptor A coupled with G, in bovine ciliary muscle

Miyazu, Motoi; Ishii, Nobuhito; Takai, Akira(Dept. Physiol., Asahikawa
Med. Univ., Asahikawa, Japan)

Purpose: To determine receptor type associated with the contractile
effect of endothelin-1 (ET1) on bovine ciliary muscle and investigate
the signalling mechanism involved.

Methods: Isometric tension was recorded in dissected ciliary muscle
bundles, using a U-gauge transducer. Isolated myocytes were used for
recording whole cell currents. Existence and localization of endothelin
receptors A and B (ETRA and ETRB), Mymuscarinic receptor (M;R)
and G, were examined by immunofluorescence microscopy.
Results: ET1 (1-100 nM) produced a slowly developing contractile
response (7= 58 = 15 min; z=12) in a dose-dependent manner (K=6 *
1 nM and %2=1.1 = 0.1; d./.=15). Like contraction evoked by carbachol
(CCh; 0.1-10 uM), ET1-evoked contraction was dependent on extracel-
lular Ca?*. It was completely inhibited by YM-254890 (0.5 uM), a G, ;-in-
hibitor and partially also by Y-27632 (10 uM), a Rho kinase inhibitor.
Unlike CCh-evoked contraction, however, ET1-evoked contraction had
no rapid phasic component and was washed out slowly. ETRA antag-
onists dose-dependently inhibited the ET1-evoked whereas ETRB
antagonists showed no effect. Under whole-cell voltage clamp ET1
weakly activated two types of Ca2+ permeable non-selective cation
channel (NSCC) which are known to open upon M;R stimulation. Im-
munofluorescence microscopy revealed a dense co-localization of ETRA
and M;R in the cell membrane.

Conclusion: The ET1-evoked contraction of bovine cilary muscle is
mediated by ETRA linked with a G, signalling mechanism that
communicates in some manner with NSCCs and Rho kinase pathway.
No COL

Area-specific D1 dopamine receptor expression in
adult mouse astrocytes

Nagatomo, Katsuhiro'; Suga, Sechiko?, Yamamoto, Yoshios3;
Yamada Katsuya'('Dept. Physiol., Hirosaki Univ. Grad. Sch. Med., Hirosaki,

Japan, *Hirosaki Univ. Health & Welfare, Hirosaki, Japan, °Lab. Vet. Biochem. &
Cell Biol., Dept. Vet. Sci., Fac. Agr., Iwate Univ., Morioka, Japan)

Dopaminergic neurons in the midbrain nucleus substantia nigra pars
compacta (SN¢) release dopamine (DA) from their dendrites, which
extend deeply into the adjacent substantia nigra pars reticulata (SNr),
consisting mostly of GABAergic neurons. Indeed, real time RT-PCR
and immunohistochemistry showed diffuse expression of D1 dopamine
receptor (DIR) in the SNr. However, most acutely dissociated GAB-
Aergic SNr neurons showed no response to DA applied in our perfo-
rated patch experiments. Interestingly, examination of DIR-YFP trans-
genic mice revealed that SNr glial cells express strong DIR (i.e. YFP)
signal in their process. In the present study, we compared DIR ex-
pression in acutely dissociated neurons and astrocytes in SNr, striatum,
and cerebral cortex by double immunostainings. Vesicular GABA
transporter (VGAT)-venus mice were used as well. From these studies,
we suggest area-specific DIR expression in astrocytes. No COL

N-glycosylation modulates AMPA receptor channel
properties

Kandel, Munal Babu'; Wakazono, Yoshihiko';

Midorikawa, Ryosuke'; Oka, Shogo?, Takamiya, Kogo'('Department of
Neuroscience, Integrative Physiology, Faculty of Medicine, University of Miyazaki,
Miyazaki, Japan, *Department of Biological Chemistry, Human Health Sciences,
Graduate School of Medicine, Kyoto University, Kyoto, Japan)

The intracellular molecular mechanisms underlying the regulation of
the AMPA receptor have been dramatically elucidated in the past few
decades. In contrast, the regulation of the extracellular domain remains
unclear. Here, we focused on N-glycosylation of the AMPA receptor
in the extracellular domain and tried to clarify their functions by
combining molecular biological and electrophysiological techniques.
First, we examined the effects of PNGase F, which is a glycosidase
that cleaves the N-glycosylation site at an asparagine residue, on AMPA
currents in primary hippocampal cultured neurons and HEK293 cells
expressing GluAl using a whole-cell patch-clamp technique. The di-
gestion of N-glycosylation induced the re-sensitization of AMPA cur-
rents in the both. Six putative N-glycosylation sites are located in the
extracellular domain of GluAl. Next, we performed mutation studies
of each N-glycosylation site of GluAl to identify the N-glycosylation
site responsible for the re-sensitization induced by PNGase F treatment.
These results indicated that N401 was a critical site for the expression
of re-sensitization. Finally, we analyzed the possibility of re-sensitization
after PNGase F treatment using acute brain slices. Single electrical
stimulation of Schaffer collateral did not show the re-sensitization in
hippocampal pyramidal neurons, however, paired pulse stimulation
generated the re-sensitization. No COL
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Metabotropic glutamate receptor-dependent slow
Ca?* oscillations in striatal neurons and astrocytes.
Tamura, Atsushi'; Yamada, Naohiro?; Yaguchi, Yuichi2;

Osanai, Makoto' (Tohoku Univ, Grad. Sch. Med, Sendai, Japan, *Grad. Sch.
Eng, Osaka Univ., Suita, Japan)

The striatum plays an important role in linking cortical activity to
basal ganglia outputs. Group I metabotropic glutamate receptors
(mGluRs) are expressed abundantly in the striatal projection neurons
and may be a therapeutic target for Parkinson’s disease. The group I
mGluRs are known to modulate the intracellular Ca*" signaling. To
characterize Ca®" signaling in striatal cells, spontaneous cytoplasmic
Ca*" transients were examined in acute slice preparations from trans-
genic mice expressing green fluorescent protein in the astrocytes. In
both the putative-neurons and astrocytes of the striatum, spontaneous
slow and long-lasting intracellular Ca** transients (referred to as slow
Ca** oscillations), which lasted up to approximately 200 s, were found.
Neither the inhibition of action potentials nor ionotropic glutamate
receptors blocked the slow Ca*" oscillation. Depletion of the intracel-
lular Ca?* store and the application of antagonists against inositol
1,4,5-trisphosphate (IP,) receptors and mGluR5 blocked the slow Ca?*
oscillation in both putative-neurons and astrocytes. Thus, the mGluR5-
1P, signal cascade is the primary contributor to the slow Ca*" oscillation
in both putative-neurons and astrocytes. The slow Ca?" oscillation
features multicellular synchrony, and both putative-neurons and as-
trocytes participate in the synchronous activity. Therefore, the
mGluR5-dependent slow Ca*" oscillation may involve in the neuron-glia
interaction in the striatum. No COL

Comprehensive behavioral test battery analyses of
the gene targeted mice of Prrt3, an orphan metabo-
tropic receptor

Yamamoto, Tomomi'; Hattori, Satoko?; Kiyonari, Hiroshi?;

Nakao, Kazuki#; Miyakawa, Tsuyoshi2;, Kubo, Yoshihiro!('Div Biophys
and Neurobiol, Natl Inst Physiol Sci, Okazaki, *Div Systems Medical Science, Fujita

Health Univ, Toyoake, *Lab for Animal Resources and Genetic Engineering, RIKEN
CDB, Kobe, “Lab of Animal Resources, Faculty of Med, Univ of Tokyo, Tokyo)

Prrt3 is an orphan metabotropic receptor with a long N-terminus
extracellular region, and it belongs to family C which mGlu and GAB-
Ay receptors also belong to. The expression of Prrt3 mRNA in the
brain such as in hippocampus is shown in the Allen Brain Atlas, but
there is no information about its function so far. To approach the
physiological significance of Prrt3, we raised knock out (KO) mice,
using gene targeted ES cells obtained from KOMP Repository. The
homozygous KO mice were small in the body size and most of them
died within 1 week after birth, demonstrating the importance of the
function of Prrt3. As it was not possible to obtain sufficient number
of homozygous KO mice, we carried out comprehensive behavioral
test battery analysis using heterozygous KO mice. By the Barnes
probe test, we observed a significant decrease in the retention of
spatial memory after 4 weeks interval from the completion of training.
By the fear conditioning test, we also observed a significant decrease
in the retention of fear memory after 4 weeks. As heterozygous KO
mice of most of the metabotropic receptors in the brain do not show
clear behavioral abnormalities, it is noteworthy that heterozygous KO
mice of Prrt3 gene showed clear phenotype, demonstrating the critical
role of Prrt3 in the brain function such as memory retention. No COL

Expression patterns of an orphan metabotropic recep-
tor Prrt3 in mice

Yamamoto, Izumi'; Konno, Kohtaro®, Yamamoto, Tomomi’;
Watanabe, Masahiko?; Kubo, Yoshihiro'3(*Div Biophys and Neurobiol,
NIPS, Okazaki, Japan, *Dept Anatomy, Hokkaido Univ Grad Schl Med, Sapporo,
Japan, *Physiol Sci SOKENDAI, Hayama, Japan)

Metabotropic receptors, also known as G-protein coupled receptors
(GPCRs) are involved in major physiological processes, and they are
targets for modern medicine. However, many still remains as orphan
receptors, and the discovery of their ligands or their physiological
functions have been awaited. Proline rich transmembrane protein 3
(Prrt3) is an orphan metabotropic receptor, and its physiological func-
tions including its expression patterns have not been fully understood.
Here, we explored the expression patterns of Prrt3 in mice using
biochemical and histochemical methods. Our Western blot analysis
experiments using membrane fractions of various organs from WT
and homozygous Prrt3 KO mice indicated Prrt3 is abundantly ex-
pressed in the brain. In immunohistochemical analysis using fresh
frozen sections of mouse brain, we observed specific expression of
Prrt3 in hippocampus, thalamus and substantia nigra of WT mice. By
close analysis the Prrt3 expression was observed but not in the soma.
Prrt3 expression in different subcellular fractions was also analyzed
using Western blot. The results showed Prrt3 expression was in the
same fractions as synaptophysin and not PSD95, suggesting Prrt3 is
not expressed at the postsynaptic densities. Synaptophysin is known
to play a role in vesicle exocytosis, and expressed in presynaptic ter-
minals. Taken together, we speculate Prrt3 is expressed in neurites,
and possibly play roles at the presynaptic terminal in the brain. No
COL

Voltage Sensing Mechanism in the Voltage-Gated H*
Channel

Fujiwara, Yuichiro; Okamura, Yasushi(Integrative Physiology, Grad. Sch. of
Med., Osaka University)

Voltage-gated channels are responsible for sensing membrane poten-
tial and generating electrical impulses in many organs. In the voltage
sensing process, positively charged residues in the voltage sensor
domain are known to sense membrane potential and move across the
membrane electric filed, generating a transient ‘gating current’ ahead
of an ionic current. However, the voltage-gated H* channel (Hv) does
not show the gating current although it behaves as a voltage-gated
channel. Molecular structure of Hv is also unique, where it has no
canonical pore domain; and the voltage sensor domain bears both
voltage sensing and H* permeation. Hence, they are considered to be
inextricably associated with each other, but the details have yet to be
elucidated. Here we report that the gating current ahead of the H*
current was observed in a mutant Hv channel, and an additional mu-
tation eliminated only the component of the H* current. The
charge-voltage (Q-V) relationship of the gating current was shifted by
changing the pHo/i gradient in the recording solutions, and the con-
ductance-voltage relationship of the H* current well followed the Q-V
shift. We also observed that the Q-V relationship was shifted toward
the depolarization direction by application of extracellular Zn**, where
the kinetics of the on-gating current and the following H* current
activation were decelerated; but the deactivation kinetics of the gating
was not. These results suggest that the voltage sensing and the H*
permeation can be considered separately in the Hv channel, and ex-
tracellular Zn?**, a physiological blocker, competes the voltage on-sens-
ing. No COL
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The role of conserved aromatic residues at the S4
voltage-sensor helix in the voltage-gated H* channel

Okuda, Hiroko; Okamura, Yasushi; Fujiwara, Yuichiro(Integrative
Physiology, Grad. Sch. of Med., Osaka University)

The voltage-gated H+ channel (Hv) is a voltage-sensor like protein
consisting of four transmembrane segments (S1-S4). The functional
unit is uniquely a dimer, and we recently proposed that the two volt-
age-sensor S4 helices formed an interaction interface in the dimeric
channel. The amino acid sequence of S4 is well conserved in Hv, and
uniquely, Tryptophan (Trp) at the middle of S4 is 100% conserved
among species. Trp has a bulky sidechain and so should be less tol-
erated in positions that involved in protein-protein interactions. To
understand functional significances of the seemingly unfavorable Trp,
and we systematically made mutants and examined their electrophys-
iological properties. The mutation of Trp significantly accelerated
kinetics of deactivation. Analyzing the effect of Trp introduced into
the background of the mutant which has no aromatic residue in S4,
we found that several Trp introduced into around the original Trp
position effectively recovered the slow deactivation kinetics. Further-
more, the deceleration effect by the Trp introduction was not observed
in the monomeric channel mutants. Mutation cycle analysis indicates
that the two Trp in the S4 are energetically-coupled in deactivation
but less coupled in activation. These results support the ideas of the
S4-S4 interface in the dimeric channel and the rotational movement of
S4 during the gating, and propose that steric hindrance between the
opposite Trp provides the unique slow deactivation.

Chimeric study between sea urchin and mouse ortho-
logs of voltage-gated proton channel revealed the
critical sites for the activation speed

Sakata, Souhei’; Miyawaki, Nana'; Kurokawa, Tatsuki';

Oezkucur, Nurdan?; Okamura, Yasushi'('Lab. of Integrative Physiology,

Graduate School of Medicine, Osaka University, Osaka, Japan, *Tufts Center for
Regenerative and Developmental Biology, Tufts University, Boston, USA)

VSOP/Hv1 is a voltage-gated proton channel that contains a voltage
sensor domain lacking a pore domain. Human and mouse orthologs of
VSOP/Hv1 exhibit slower activation kinetics than other voltage-gated
ion channels. Slow gating is favorable for NADPH oxidase activities in
immune cells. However, molecular mechanisms of slow kinetics of
VSOP/Hv1 remain to be fully elucidated. We have recently found that
activation kinetics of sea urchin VSOP/Hv1 (Sp-VSOP) was more than
20-fold faster than that of mouse VSOP/Hv1 (mVSOP) upon heterolo-
gous expression in HEK293 cells. To understand molecular basis for
rapid gating of Sp-VSOP, we made chimeras between mVSOP and
Sp-VSOP. The activation kinetics of Sp-VSOP was decelerated when
the 3th transmembrane segment (S3) and N terminal cytoplasmic region
were substituted by the corresponding regions of mVSOP. Mutation
in S3 in Sp-VSOP (R141H/S142H/S142F) decelerated activation kinet-
ics. To localize a critical region within the N-terminus for the activation
kinetics, putative helical structure in the N terminal region of Sp-VSOP
was substituted by that of mVSOP. This chimeric construct exhibited
slower activation kinetics than Sp-VSOP(WT). These results highlight
S3 and the helical structure of N terminal region as critical determi-
nants of the activation kinetics of mVSOP. Mechanistic insights into
gating mechanisms will also be provided. No COL

Membrane topology analysis of the voltage-gated pro-
ton channel at resting state

Kurokawa, Tatsuki'; Okamura, Yasushi'2(Grad. Sch. of Med., Osaka
Univ., *Grad. Sch. of Frontier Biosci., Osaka Univ.)

The voltage-gated proton channel (Hvl) is a protein that contains the
voltage sensor domain but not pore domain. The voltage sensor domain
plays both role in votage sensing and proton permeation. The putative
fourth transmembrane segment (S4) of mouse Hvl (mHvl) has three
positively charged residues. S4 is suggested to undergo a movement
during activation of the channels, causing conformational change pos-
sibly leading to formation of proton-selective conduction pathway.
However, detailed mechanisms of proton permeation of Hvl are un-
known. In this study, we took an approach of biochemical cysteine
scanning to define residues facing the aqueous environment of mHv1.
Accessibilities of two cystene-binding molecules, N-ethylmaleimide
(NEM) and 4-acetamido-4-maleimidylstilbene-2,2-disulfonic acid (AMS),
were examined on cysteine introduced into individual sites. Only the
first arginine on S4 (R1:R201) was inaccessible by NEM and AMS in
mHv1, suggesting that the accessibility profile represents the resting
state of mHv1. We also found that D108, a critical residue for proton
selectivity, can be accessed both by NEM and AMS, supporting a
model that D108 faces relatively large vestibule to which both anions
and cations are accessible. In addition, R201, D181, E115 were both
inaccessible by NEM and AMS, raising a possibility that R201 forms
salt bridge with D181 or E115 forming a barrier together with the
hydrophobic core region in resting state. These findings will provide
insights into structural basis for proton permeation and gating of Hv1.
No COL

Acceleration of the activation of the voltage-gated
proton channel by the unsaturated fatty acid

Kawanabe, Akira; Okamura, Yasushi(Graduate School of Medicine, Osaka
University, Osaka)

The unsaturated fatty acids are important component of the biological
membranes and the precursors of mediators of inter- and intra-cellular
signaling. It is well-known that the unsaturated fatty acids, including
arachidonic acid (AA, 20 carbons and 4 double bonds), activated or
inhibited the ion permeations of various ion channels. The voltage-gat-
ed proton channel (VSOP/Hv1) can control the proton conductance by
membrane voltage and pH. It helps the production of reactive oxygen
species by NADPH oxidase in immunocytes. The enhancement of the
production of reactive oxygen species by AA has been reported to be
accompanied by the increase of the proton currents in neutrophils,
macrophages, and eosinophils. However, the detailed molecular mech-
anisms of actions have remained elusive. Here we report the effects
of AA on mouse VSOP/Hv1 heterologously expressed in HEK293T
cells by inside-out patch clamp technique. The addition of AA with
rapid-perfusion system immediately increased the magnitude of the
proton currents through mVSOP/Hv1 that are evoked during one
second depolarizing step by 20 times. After washout of AA, the cur-
rents rapidly returned to the original current level. The analysis with
sixty second depolarizing pulse showed that the activation kinetics
was more than 15 times accelerated by AA. We also examined the
effects of other fatty acids and constructs of mVSOP/Hv]1. Based on
these results, we will discuss the molecular mechanisms and the es-
sential sites for the actions of unsaturated fatty acids on VSOP/Hvl.
No COL
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Metabolic Phenotype in Voltage-Gated Proton Chan-
nels Knockout Mice

Kawai, Takafumi'; Okochi, Yoshifumi'; Imura, Yoshio?;

Furukawa, Yuko'; Miyawaki, Nana'; Sakimura, Keniji®;

Koizum, Schuichi?; Okamura, Yasushi'(‘Lab. of Integr. Physiol., Grad.
Sch. of Med., Osaka Univ. Suita, Japan, *Dept. Neuropharmacol, Univ Yamanashi,
*Dept. of Cellular Neurobiology, Brain Research Institute, Niigata Univ.)

Voltage-sensor only protein, VSOP/Hv1, consists of the voltage-sensor
domain lacking pore domain. It functions as voltage-gated proton
channel (Sasaki et al, Science. 2006) and its expression is specific to
microglia in mice brain. In phagocytes such as neutrophil, macrophage
and microglia, VSOP has a crucial role in the production of reactive
oxygen species (ROS) by compensating for charge imbalance upon
electron extrusion by NADPH oxidase. In the present study, we found
that female VSOP knockout mice show metabolic phenotype at the
age of 6 month and over. Body weight gain and increased food intake
was observed in female knockout mice, and the increase in visceral
fat is more prominent than that of subcutaneous fat in VSOP knockout
mice. We also found that leptin level and insulin level in blood serum
are increased in 12 month old VSOP knockout mice. Recently, it has
been reported that neuroinflammation in hypothalamus is closely as-
sociated with obesity, suggesting that VSOP deficiency in mice mi-
croglia facilitates the initiation of inflammation in mice hypothalamus.
Our preliminary results suggest that primary cultured VSOP knockout
mice microglia appears to show decreased phagocytic ability, which
may be involved in the facilitation of inflammation in the brain. In the
present study, the mechanism underlying the metabolic phenotype in
VSOP knockout mice is discussed. No COL

Analysis of the role of voltage-gated proton channel
Hv1/VSOP in neutrophil chemotaxis
Okochi, Yoshifumi'; Okamura, Yasushi'2('Integrative Physiology,

Graduate School of Medicine, Osaka University, Osaka, Japan, *Graduate School of
Frontier Biosciences, Osaka University, Japan)

Neutrophil chemotactic movement is necessary for pathogen elimina-
tion and inflammatory responses and the motility is highly regulated.
Chemoattractants such as N-formyl peptide fMLF, leukotriene B4 and
IL-8 activate neutrophil, leading to ROS generation by NADPH oxidase.
Voltage-gated proton channel Hv1/VSOP discovered in our laboratory
helps ROS production through the regulation of NADPH oxidase ac-
tivity. Mouse neutrophils lacking Hv1/VSOP gene exhibit less produc-
tion of ROS, lower pH in cytoplasm, more depolarized membrane po-
tential and less calcium ion influx than wild-type neutrophils when the
oxidase is activated. We tested how chemotaxis behavior is affected
in Hvl/VSOP deficient neutrophils. Using transwell chamber, bone
marrow derived neutrophils were stimulated with fMLF and counted
the number of cells migrating to fMLF-containing well. We found an
abnormal chemotactic response to fMLF in Hv1/VSOP deficient neu-
trophils: Hv1/VSOP deficient neutrophils showed normal response to
10uM fMLF, but they responded more strongly to 1uM fMLF than
wild-type neutrophils. These results may suggest that Hvl/VSOP
regulates the sensitivity for chemoattractant. We are trying to identi-
fy which factor causes abnormal chemotactic response. No COL

Decreases in availability of voltage-gated proton
channels through endocytic internalization induced
by increases of intracellular pH in osteoclasts and
microglia

Kuno, Miyuki; Li, Guangshuai; Hino, Yoshiko; Moriura, Yoshie;

Kawawaki, Junko; Sakai, Hiromu(Department of Physiology, Osaka City
University Graduate School of Medicine, Osaka, Japan)

Voltage-gated proton channels (H* channels) are highly proton-selective
and contribute to natural immunity. The throughput of H* channels
is regulated primarily by trans-membrane voltage- and pH- gradients.
In addition, the numbers of H* channels may change in response to
varying cellular conditions. In this study, we investigated the role of
the intracellular pH (pH,) in regulating the availability of H* channels
in two macrophage-lineage cells, osteoclasts and microglia. In whole-cell
clamp recordings, the pH,; was elevated after exposure to NH,CI and
returned to the control level after washout. However, the H* channel
conductance did not recover fully when the pH; increase was prolonged.
The decreases in the H* channel conductances were accompanied by
reductions in the cell capacitance. Exposure to NH,CI increased the
uptake of the endocytosis marker, FM1-43, confirming that pH; increas-
es facilitated endocytosis. The pH; increases induced by V-ATPases
and H* channels, endogenous H*-transferring mechanisms, in part
facilitated endocytosis. Similar results were observed in osteoclasts
and microglia, but not in COS7 cells expressing a murine H* channel
gene. These results suggest that pH, increases decrease the availabil-
ity of the plasma membrane H* channels through facilitation of dy-
namin-dependent endocytosis in osteoclasts and microglia, and that
significant numbers of H* channels are not in use at physiological pH,.
No COL

Proton permeation through the polytheonamide B
channel: Single channel current recordings and a pro-
ton permeation model

Matsuki, Yuka'; lwamoto, Masayuki?, Matsunaga, Shigeki®;

Oiki, Shigetoshi2(*Departments of Anesthesiology and Reanimatology, Faculty
of Medicine Sciences, The University of Fukui, Japan , *Departments of Molecular
Physiology and Biophysics, Faculty of Medicine Sciences, The University of Fukui,
Japan, *Laboratory of Aquatic Natural Products Chemistry, Graduate School of
Agricultural and Life Sciences, The University of Tokyo, Japan)

A 48-mer peptide from a marine sponge Theonella swinhoei, polythe-
onamide B (pTB), is highly cytotoxic against eukaryotic cells. The
amino acid sequence of pTB is unprecedented, having alternative D-
and L-amino acid residues throughout the 48-mer peptide. The pTB
channel forms a %%-helix similar to the gramicidin A channel, and allows
permeation of monovalent cations. In this study we examined the
proton conduction of the pTB channel by use of the planar lipid bilay-
er technique. Single-channel I-V curve in HCI solution exhibited weak
inward rectification. The single-channel amplitude at 1 M HCl was
~100 pA at +200 mV, which is more than 40 times higher than that
of Cs*. This high conductance suggests that protons permeate via
water chain in the channel (the Grotthuss mechanism). At low HCl
concentration, the I-V curve was sub-linear at high potentials. Also,
the concentration-dependency of single-channel conductance through
the pTB channel (pH-log I curve) showed the slope of one. These results
indicated that the proton permeation is diffusion-limited. The proton
permeation through the pTB channel was modeled with the dis-
crete-state Markov model. No COL
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Optically detected structural change in the N-terminal
region of the voltage-sensor domain
Tsutsui, Hidekazu; Jinno, Yuka; Tomita, Akiko;

Okamura, Yasushi(Laboratory of Integrative Physiology, Graduate School of
Medicine, Osaka University, Suita, Osaka, Japan)

The voltage-sensor domain (VSD) is a functional module that undergoes
structural transitions in response to membrane potential changes and
regulates its effectors, thereby playing a crucial role in amplifying and
decoding membrane electrical signals. Ion-conductive pore and phos-
phoinositide phosphatase are the downstream effectors of voltage-gat-
ed channels and the voltage-sensing phosphatase, respectively. Upon
transition, it is known that the VSD generally acts on the region
C-terminal to S4. However, it has not been addressed directly wheth-
er the VSD induces any structural changes also in the N-terminal
region of S1. Here, we report the existence of such an N-terminal effect.
We used two distinct optical reporters, one based on the Forster
resonance energy transfer between a pair of fluorescent proteins and
the other based on fluorophore-labeled HaloTag, and studied the be-
havior of these reporters placed at the N-terminal end of the mono-
meric VSD derived from voltage-sensing phosphatase. We found both
of these reporters to be affected by the VSD transition, generating
voltage-dependent fluorescence readouts. We also observed that while
the voltage dependencies of the N- and C-terminal effects appear
tightly coupled, the local structural rearrangements reflect the way in
which the VSD was loaded, demonstrating the flexible nature of the
VSD. No COL

Regulatory role of arachidonic acid on human cardiac
Kv1.5 channels

Bai, Jiayu; Ding, Wei-Guang; Xie, Yu; Matsuura, Hiroshi(Dept. Physiol.
Shiga Univ. Med. Sci., Otsu, Japan)

Arachidonic acid (AA) is an important constituent of membrane phos-
pholipids and can be liberated by activation of cellular phospholipase
A,. AA modulates a variety of cardiac ion channels via diverse mech-
anisms, including both direct effects by AA itself and indirect actions
through AA metabolites. Human cardiac Kv1.5 channel (hKv1.5) is
functionally expressed in atrial myocytes and has an important role
in the regulation of atrial repolarization of action potential. The present
study was designed to investigate the effect of AA on hKv1.5 wild
type and mutant channels expressed in CHO cells using the whole-cell
patch-clamp technique. AA directly inhibited hKv1.5 currents in a
concentration-dependent manner (IC50 6.4 uM). The blocking action
was found to progress with time during depolarizing voltage step,
suggesting that AA is an open channel blocker. Mutations R487V and
H463C (in the outer pore mouth) reduced AA action. I502A, V512A (in
the S6 domain) also decreased AA effect. Interestingly, the mutations
of T479A and T480A (located in the base of selectivity filter) have
opposite action on AA inhibition; T479A enhanced the AA action. AA
induced a similar inhibition of hKv1.5 in the presence of 4-Aminopyr-
idine, a Kv1.5 blocker. Moreover, at alkaline (pH 8.0), AA action was
markedly reduced. However, acidic pH (pH 6.4) failed to affect AA
action. Our findings suggest that multiple amino acids (R487, H463,
T479, T480, 1502, I512) have important role in determining the channel
sensitivity to AA and the alkaline situation may modify the binding
sites of AA on Kv1.5 channels. No COL

The interaction between S4-S5 linker and C-linker
regulates the slow deactivation of hERG channel

Kume, Shin-ichiro'2; Nakajo, Koichi'-2; Kubo, Yosihiro'2('Div Biophys
& Neurobiol, NIPS, Okazaki, Japan, *Physiol Sci. SOKENDAI, Hayama, Japan)

hERG channel, a member of the voltage-gated K* channel family, is
the main subunit of the rapidly activating delayed rectifier K* current
(Ig,) in human heart, and is well known for its very slow deactivation.
It has six transmembrane segments comprising former four segments
(S1-S4) forming the voltage sensor domain and latter two segments
(S5-S6) forming the channel pore domain, and these two domains are
linked by S4-S5 linker in cytoplasmic side. Furthermore, it has large
cytoplasmic regions, including eag domain in the N-terminus and
C-linker/cyclic nucleotide binding homology domain (CNBHD) in the
C-terminus. These cytoplasmic regions are known to interact to
regulate slow deactivation. In this study, we performed the cyste-
ine-cysteine bridge formation experiment using a membrane-permeable
oxidizing reagent ThHO, under two electrode voltage clamp in Xen-
opus oocytes. We obtained that the deactivation speed of the mutant
carrying two introduced cysteines at glutamate 544 in S4-S5 linker
and arginine 681 in C-linker after addition of ThHO, were slower than
that before addition of ThHO,. Further, after addition of ThHO,, the
conductance-voltage relationship of the mutant shifted negatively. This
modification was significantly enhanced when cells were volt-
age-clamped at a holding potential of +40 mV. Taken together, the
results suggested that S4-S5 linker and C-linker interact to regulate
the slow deactivation of hERG channel, and this interaction changes
dynamically between open and close state. No COL

Functional regulation of 32-adrenoceptors on IKs cur-
rent of sinoatrial node cells in guinea pig

Ding, Wei-Guang'; Bai, Jiayu'; Xie, Yu'; Toyoda, Futoshi’;

Bellier, Jean-Pierre?; Matsuura, Hiroshi'('Dept. Physiol. Shiga Univ. Med.

Sci., Otsu, Japan, *Molecular Neuroscience Research Center, Shiga Univ. Med. Sci.,
Otsu, Shiga Japan)

The f1- and f2-adrenoceptors (ARs) are highly expressed in mamma-
lian heart, with the predominance of the f1ARs subtype. The f1/52AR
ratio varies among different cardiac regions; it is high in the ventricles,
relatively lower in atria and sinoatrial node (SA). Direct stimulation of
sinoatrial f2AR in man has a positive chronotropic effect. The present
study was designed to examine the action of f2AR stimulation on the
slow component of delayed rectifier K* current (/x,) in SA cells. Zin-
terol in the presence of CGP20712A (f1AR antagonist) and isoprotere-
nol in the presence of ICI118551 (f2AR antagonist) were used for ac-
tivation of 2 and B1ARs, respectively. f2AR stimulation increased
IKs elicited by 2-s depolarizing pulses in SA, atrial cells, but failed to
potentiate Iy, in ventricular cells. In SA cells, the action of f2AR
stimulation was concentration-dependent and the maximal effect was
significantly large than that of f1AR stimulation. Similar to f1AR
stimulation, zinterol significantly shifted current activation to negative
potentials. Zinterol-induced enhancement of /i, was markedly attenu-
ated by application with protein kinase A (PKA) inhibitor, H89 but was
not affected by pretreatment with pertussis toxin. These results demon-
strate that the effect of f2AR on /i activation is mediated through a
PTX-insensitive G protein and PKA pathway. Thus, f2AR subpopu-
lation is a relatively important mediator for /i regulation in response
to f-agonist stimulation. No COL
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H,O, regulates I, currents of sinoatrial node cells in
guinea-pig via both CaMKIl activation and oxidation
process

Xie, Yu; Ding, Wei-Guang; Bai, Jiayu; Matsuura, Hiroshi(Department
of Physiol. Shiga University of Medical Science., Otsu, Japan)

Accumulating evidences suggest H,0, regulates several cardiac ion
channels, such as the enhancement on L-type Ca*" current or Na*
current in rabbit ventricular myocytes and inhibition on expressed
hERG current. The slow component of the delayed rectifier K* current
(/o plays an important role in repolarization process of cardiac action
potential. In the present study, we examined the effects of H,0, on /i
current in sinoatrial node (SA) cells isolated from guinea-pig heart.
After 4~5 min of H,0, perfusion, /i, current was started a rapid in-
crease by 60.45% from control to a peak level after 10 min exposure.
H,0,-enhanced /i, was significantly reduced after minimum the intra-
cellular Ca®" concentration [Ca*']i of pipette solution (from pCa 7 to
pCa 11), suggesting the involvement of Ca® in the regulation of H,0,
on Iy, current activation. Next, we tested hypothesis that H,0,-en-
hanced I, is partially induced by the activity of CaMKII signal path-
way. KN-93, an inhibitor of CaMKI]I, significantly suppressed H,O,-in-
duced increase in Iy, (decreased to 10.8+4%, n = 6); AIP, another
CaMKII inhibitor, applied from pipette solution also reduced the effect
of H,O, on Iy, (decreased to 24.1+3%, n = 5). Finally, we investigated
the possible modulation of H,0, oxidation on [y, channels. H,O,induced
potentiation on IKs was fully reversed by per-treatment with reducing
agent dithiothreitol (DTT). These findings demonstrate that H,O,in-
duced I, increase is mediated through both CaMKII signal pathway
and oxidation process. No COL

Ca?* sensor proteins confer PIP, sensitivity on KCNQ1
channels

Inanobe, Atsushi; Tsuzuki, Chizuru; Kurachi, Yoshihisa(Dept. of
Phamacol., Osaka Univ., Grad. Sch. of Med., Suita, Japan)

KCNQI is a pore-forming subunit of cardiac K* current which slowly
activates and controls repolarization of action potential. The subunit
physiologically assembles with a Ca?* sensor protein Calmodulin (CaM)
at a 1:1 stoichiometry in a Ca?*-independent manner. The binding of
CaM is thought to stabilize a cytoplasmic domain of KCNQI and
confer Ca®" sensitivity. Although there are a number of Ca®" sensors,
the specificity of binding to KCNQI remains unclear. The binding sites
are mapped in the vicinity of a site binding to PIP,, a lipid essential
for KCNQI activation. However, it is unclear how CaM binding asso-
ciates with the PIP, sensitivity. To address these questions, we devel-
oped a detection system for the KCNQI1-CaM complex. We prepared
GFP-fused KCNQI C-terminus and expressed with Ca?* sensors in E.
coli. The cell lysate was subjected to fluorescence-detection gel filtra-
tion. Using this system, we tested the specificity for the binding of
KCNQI with 8 different Ca®" sensors. Among them, Calml3, the closest
relative of CaM, was an only molecule to restore the KCNQI1 folding.
Next we examined the effects of Ca®" sensors on the KCNQ1-PIP, in-
teraction. Voltage-sensitive phosphatase was expressed with KCNQ1
and either CaM or Calml3 in Xenopus oocytes to control PIP,-content
by membrane potentials. In the presence of Calml3, the current-voltage
relationship was shifted to right and the plateau was higher than that
in the presence of CaM. This suggests that Calml3 augments the af-
finity of KCNQI to PIP,. Therefore, Ca?* sensors appear to confer the
PIP, sensitivity on KCNQI via the direct interaction. No COL

A pair of phenylalanine residues on the S4 and S5
segments create a physical and energy barrier for the
voltage sensor before opening in KCNQ1/KCNE1
channel

Nakajo, Koichi'2; Kubo, Yoshihiro'#(Div. Biophys and Neurobiol, NIPS,
Okazaki, Japan, *Physiol Sci. SOKENDAI, Hayama, Japan)

In human heart, KCNQI, a voltage gated K* channel, forms a complex
with an auxiliary subunit KCNE1. A main role of KCNEI is slowing
the gating of KCNQI channel, and we and other groups previously
found that KCNEI slows down the movement of the voltage sensor
domain (VSD). However, how KCNEI changes the VSD movement
remains largely unknown. Here, we identified two KCNQ1 phenylal-
anine residues, F232 on the S4 segment and F279 on the S5 segment,
are critical for the VSD modulation by KCNE1. We mutated F232 or
F279 into various amino acid residues and found that 6G, (Gibbs free
energy of channel opening at 0 mV) is dependent on the bulkiness of
the side chain of the mutated residue, implying that F232 and F279
create a physical and energy barrier for the voltage sensor before
channel opening. To confirm that, we next directly tracked the VSD
movement by voltage clamp fluorometry. In the wild-type KCNQ1/
KCNE], the fluorescence change corresponding to the VSD movement
well preceded the current activation as seen in the other voltage
gated K* channels. On the other hand, in the F232A and F279A
mutants, the VSD movement and the current activation were almost
overlapped, indicating that the channel immediately enters the open
state once the voltage sensor reaches the up state. These results
suggest that F232 and F279 create a physical and energy barrier for
the voltage sensor to overcome before the channel opening, and that
this is the molecular mechanism for the slow gating in the KCNQ1/
KCNEI1 channels. No COL

Stoichiometry and biophysical properties of the Kv4-
KChIP complex change depending on the expression
level of KChIP.

Kitazawa, Masahiro'?; Nakajo, Koichi'2; Kubo, Yoshihiro'-2('Div
Biophys and Neurobiol, Natl Inst Physiol Sci, Okazaki, Japan, *Dept Physiol Sci,
SOKENDAI, Hayama, Japan)

Kv4 is a member of voltage-gated K* channel family. It is expressed
in neuronal dendrites and cardiac ventricular myocytes, regulating
their excitability. K* channel interacting protein (KChIP) is an auxilia-
ry subunit for Kv4 which is known to increase the current amplitudes,
decelerate the inactivation and accelerate the recovery from inactiva-
tion of Kv4. However, the mechanism how KChIP modulates Kv4 re-
mains largely unknown. We considered the possibility that Kv4 chan-
nel behavior is regulated by the stoichiometry of Kv4-KChIP complex.
We first investigated how the amount of expressed KChIP4 changes
Kv4.2 current properties with two-electrode voltage clamp and ob-
served that the recovery from inactivation of Kv4.2 was gradually
accelerated with the increase in the expressed amount of KChIP4. We
next made tandem repeat constructs in which the stoichiometry of
Kv4.2-KChIP4 complex was strictly controlled and compared their ion
channel properties. 4:4 (Kv4.2:KChIP4) channel showed faster recovery
from inactivation than 4:2 channel. We next directly counted the
number of KChIP4 subunits in a single Kv4.2-KChIP4 complex by
counting bleaching steps using single-molecule fluorescence imaging
and observed that the stoichiometry of Kv4.2-KChIP4 complex chang-
es depending on the expressed amount of KChIP4. Our results suggest
that the stoichiometry of Kv4.2-KChIP4 complex is variable and the
recovery from inactivation of Kv4.2 is controlled by the number of
bound KChIP4. No COL
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Effect of membrane lipids on the inactivation gating of
the KcsA potassium channel

lwamoto, Masayuki; Oiki, Shigetoshi(Dept. Mol. Physiol. Biophys., Univ.
Fukui Fac. Med. Sci., Fukui, Japan)

Membrane lipids act as a cofactor for function of the ion channel and
specific lipid molecules are indispensable for maintaining channel ac-
tivities. For the KcsA potassium channel, the presence of negatively
charged phospholipids such as phosphatidylglycerol (PG) in the mem-
brane is prerequisite for the channel activity. Previously we demon-
strated that the PG molecule on the inner (cytoplasmic) leaflet rendered
the KcsA channel highly active. We found that the M0-helix lying on
the inner membrane surface changed its configuration with a lipid-de-
pendent manner, and modulated the activation gating. In this study
we focused on the effect of lipids on the inactivation gating of the KcsA
channel. As is the case for the voltage-gated channels, the KcsA chan-
nel upon cytoplasmic acidification exhibits slow inactivation after ac-
tivation. It is suggested that the inactivation of the KcsA channel
originates from closure of the selectivity filter that locates in the
outer half of the transmembrane domain. We analyzed the inactivation
rate of the KcsA channel in the varying lipid composition of the mem-
brane by use of artificial lipid bilayer. The KcsA channel showed
relatively slow inactivation in the negatively charged lipids compared
to that in neutral lipids. By introducing mutations into the MO helix,
we further investigated the molecular mechanism underlying the
lipid-dependency of the inactivation gating. No COL

Gating-coupled clustering-dispersion behavior of the
KcsA potassium channel in membrane: Direct obser-
vation by atomic force microscopy

Sumino, Ayumi'2; Yamamoto, Daisuke?®; lwamoto, masayuki?;
Dewa, Takehisa*; Oiki, Shigetoshi?(JST/PRESTO, Saitama, Japan,
*Department of Molecular Physiology and Biophysics, Faculty of Medical Sciences,
University of Fukui, Fukui, Japan, *Department of Applied Physics, Fukuoka
University, *‘Department of Frontier Materials, Graduate School of Engineering,
Nagoya Institute of Technology, Nagoya, Japan)

The KcsA potassium channel is a pH-dependent channel, and the ac-
tivation gate opens at acidic pH. Using atomic force microscopy (AFM),
we have captured the open-gate structure of membrane-embedded
KcsA channels by removing the potentially sight-obstructing cytoplas-
mic domain (CPD). Here, we revealed pH-dependent clustering-disper-
sion behavior of KcsA channels on the membrane, which occurred
concurrently with the gating conformational change. At neutral pH,
the closed channels formed self-assembled nanoclusters. At acidic pH,
the open-gated channels were dispersed as singly-isolated channels.
Pair correlation function of the channel position gave the nearest-neigh-
bor distance of approximately 14 nm, indicating non-contacting disper-
sion. High-speed AFM revealed that the clustering-dispersion dynam-
ics were reversible and completed within several minutes. These
results suggest that the KcsA channel undergo conformational chang-
es within the cluster but do not open until the channels are dispersed.
The interplay between the gating conformational change of individu-
al channels and the collective behavior of the clustering-dispersion
dynamics provides insight into understanding membrane-mediated
protein-protein interactions and functional cooperativity. No COL

Functional consequences of a gain-of-function muta-
tion in the Kir2.1 inward rectifier K* channel associat-
ed with short QT syndrome

Ishihara, Keiko; Itoh, Masayuki; lgata, Sachiyo; Takano,
Makoto(Dept. Physiol., Kurume Univ. Sch. Med., Kurume, Japan)

The duration of action potential determines the refractory period of
the cardiac muscle. The shortening of the action potential duration
occurs as short QT interval in ECG, and increases the vulnerability to
arrhythmia. This short QT syndrome (SQTS) can be caused by gain-
of-function mutations in the KCNJ2 gene encoding the Kir2.1 subunit,
which, together with Kir2.2 and/or Kir2.3, constitutes the cardiac strong
inward rectifier K* channel (/). In this study, we examined the func-
tional consequences of the M301K mutation recently identified in a
SQTS patient by performing conventional whole-cell patch-clamp ex-
periments. As previously reported, expression of Kir2.1 bearing the
M301K mutation (Kir2.1(M301K)) alone did not give rise to any mea-
surable currents, but the co-expression of Kir2.1(M301K) with wild-type
Kir2.1 showed K* currents with a weak inward rectification. Co-ex-
pression of Kir2.1(M301K) with Kir2.2 or Kir2.3 gave essentially the
same results, supporting that the Kir2.1/ Kir2.1(M301K) heterozygote
expresses [, with large outward currents accelerating the repolariza-
tion. Interestingly, in Kir2.1/Kir2.1(M301K) heteromeric channels, the
sensitivity to the external K* (characteristic of /i) was altered, and
the sensitivities to the external Ba?" and Cs* blockage (a hallmark of
the inward rectifiers) were increased. These results provide evidence
that the mutation in the cytoplasmic pore region alters the external
ion sensitivities of Kir2.1 channel. No COL

Identification of palmitoylation enzymes for the HCN2
channel.

Itoh, Masayuki; Takano, Makoto(Division of Integrated Autonomic
Function, Department of Physiology, Kurume University School of Medicine,
Kurume, Japan)

We have previously demonstrated that among hyperpolarization-acti-
vated cyclic nucleotide-modulated (HCN) channel family, HCN1, HCN2
and HCN4, but not HCN3, are the target of S-palmitoylation: For ex-
ample, palmitic acid was covalently attached to multiple cysteine
residues (C63, C69, C82, C89, C104) located in the cytoplasmic N-termi-
nus of HCN2. S-palmitoylation reportedly regulates the trafficking and
the function of various membrane proteins. As for HCN channels, an
inhibitor of palmitoylation, 2-bromopalmitate reduced the current
amplitude of HCN2 expressed in Xenopus oocytes approximately to
45% of control level. S-palmitoylation is a reversible post-translational
lipid modification; palmitoylation and depalmitoylation are catalyzed
by protein acyl transferases (PATs) and palmitoyl protein thioesteras-
es (PPTs), respectively. In the present study, we aimed to identify
types of these enzymes that regulate the palmitoylation of HCN2
channel. We overexpressed each 24 types of known PATs with HCN2
and found that Zdhhc3, Zdhhc9, and Zhhcl7 significantly increased
the palmitoylation of HCN2 proteins. In contrast, overexpression of
known PPTs such as APT1, APT2, LYPLALI and PPT1, did not reduce
the palmitoylation of HCN2, suggesting that unknown types of enzymes
may be involved. Although our results demonstrated that HCN chan-
nels are the target of dynamic palmitoylation-cycle, further studies are
indispensable to address whether these enzymes exert physiological
roles in the signal transduction system which may regulate HCN
channels. No COL
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TMEM16F forms a Ca?"-activated CI- channel
Shimizu, Takahiro'; lehara, Takahiro'; Fujii, Takuto';

Okada, Yasunobu?; Sakai, Hideki'('Grad Sch. Med. Pharm. Sci., Univ.
Toyama, Toyama, Japan, *Nat. Inst. Physiol. Sci., Okazaki, Japan)

Transmembrane protein 16 (TMEM16), which possesses eight putative
transmembrane domains with the intracellular NH,- and COOH-termi-
nal tails, is thought to comprise a Cl' channel family. Although it has
been reported that TMEMI16A and 16B function as Ca?"-activated
Cl' channels (CaCC), the functional properties of TMEMI6F have
greatly been controversial. In the present study, we investigated
electrophysiological and pharmacological properties of human
TMEMI6F expressed in HEK293T cells. In whole-cell patch-clamp
recordings, application of a Ca®" ionophore, ionomycin, or rise in the
intracellular free Ca?* concentration to 100 uM induced transient ac-
tivation of membrane currents with strong outward rectification in
TMEMI16F-overexpressing cells but not in mock-transfected cells.
Outward rectification of TMEMI16F currents was not affected by an
increase in the intracellular Ca®" level. Replacing extracellular Cl with
aspartate positively shifted the reversal potential of TMEMI6F cur-
rents, whereas no significant change of the reversal potential was
observed by replacement of extracellular Na* with NMDG", showing
that the TMEMIG6F current is Cl-selective. Consistently, TMEMI16F
currents were inhibited by CaCC blockers, niflumic acid and tannic
acid. Anion selectivity sequence of the TMEMI16F current was I >
Br > ClI' > F-. In addition, a CaMKII inhibitor, KN-93, had no effect
on Ca*-induced activation of TMEMI16F channels. Our results indicate
that TMEMI6F forms a Ca?*-activated Cl' channel that is not regulat-
ed by CaMKIL No COL

Properties of persisitent Na* current in Kenyon cells
isolated from the mushroom body of the insect brain

Yoshino, Masami(Department of Education, Tokyo Gakugei University, Tokyo,
Japan)

Many types of excitable cells possess a non-inactivating or slowly in-
activating, persistent sodium current (Iy,;). The Iy,» has been shown to
be mediated by tetrodotoxin (TTX)-sensitive Na* channels. The aim
of this study was to investigate the basic properties of voltage-depen-
dent Na*channel currents in intrinsic neurons called Kenyon cell
within the mushroom body of insect brain. Using the perforated patch
clamp recordings from the cricket Kenyon cells, we showed the pres-
ence of two different types of Na*currents, fast transient current (Iy,p)
and slow sustained or persistent current (Iy,p). Iy, first appeared at
-40 mV whereas I, appeared at -50 mV. Both currents reached max-
imum at -20 mV. I,; completely inactivated during the period of
membrane deporalization of 150 ms whereas I,» persisted for several
seconds. I, half inactivated at -46 mV, whereas Iy, half inactivated
at -30 mV. I,» was blocked more potently by TTX than I,,. Further-
more, Iy, was blocked by 50uM Cd* whereas I,; was not. Riluzole,
which has been proposed a relatively specific persistent Na* channel
blocker inhibited both I,, and Iy, Under the current clamp condition
where I,» was inhibited by low concentration of TTX or riluzole, the
membrane oscillation appeared near the resting membrane potential.
This membrane oscillation was disappeared by addition of Cd*, or
1uM TTX indicating that Iy, plays a role in the subthreshold mem-
brane oscillation and could be important to modulate Kenyon cell
excitability. No COL

Functional analysis of Ci-CatSper channel in heterol-
ogous expression system

Arima, Hiroki; Okamura, Yasushi; Tsutsui, Hidekazu(Graduate school of
Medicine, Osaka University, Osaka, Japan)

CatSper channel, a cation channel expressed specifically in testis, is
essential for male fertilization in mouse. CatSper channel is formed by
four alpha subunits, CatSperl, CatSper2, CatSper3 and CatSper4, as a
hetero tetramer. Each subunit has six transmembrane segments (S1-
S6). S4 contains several positively charged amino acids, and the amino
acid sequence of the putative pore forming region of S5-S6 is similar
to that of voltage-dependent calcium channel, which suggests that
CatSper is a voltage-dependent calcium channel. However, detailed
characteristics about CatSper are still unclear because functional
analysis using heterologous expression system has been unsuccessful.
In this study, we report that the region only consisting of S1-S4 from
Ci-CatSper3, corresponding to the voltage-sensor domain of other
voltage-gated ion channels, shows ionic conductance at hyperpolariza-
tion. We expressed a version of Ci-CatSper3 truncated downstream of
S4 in Xenopus oocyte, and detected activation of substantial ionic
currents upon hyperpolarization. We found that the current is likely
carried by various cations including sodium and calcium. Furthermore,
elimination of the positive charges in S4 resulted in disappearance of
the ionic current, indicating that the S1-S4 region itself has ionic
permeability. This is, to our knowledge, the first report of CatSper
current recordings in a heterologous expression system. No COL

Electric axon guidance in constant electric field cul-
ture
Yamashita, Masayuki(Dept. Physiol. !, Nara Med. Univ., Kashihara, Japan)

In addition to well-known mechanisms of chemical guidance, growing
axons in the nervous system are directed by an extracellular electric
field in a process known as galvanotropism. The galvanotropic behav-
ior of nerve cells iz vitro was first demonstrated as long ago as 1920.
However, it remains unknown whether embryonic nerve tissues gen-
erate a similar electric field in order to guide growing axons. Yamashi-
ta has revealed that an extracellular voltage gradient exists in the
embryonic retina and that this gradient guides the axons of newborn
retinal ganglion cells towards their targets (BBRC 431: 280-283, 2013).
The extracellular potential is generated by epithelial Na* channels
(ENaC) in neuroepithelial cells. These findings indicate an important
role for galvanotropism in the initial orientation of axons that extend
over long distances, and provide insight into the mechanisms under-
lying the proper extension of developing axons in the embryonic brain.
In the present study, a constant electric field culture system was de-
veloped in order to investigate the molecular mechanisms that under-
lie the galvanotropic behavior of growing axons of retinal ganglion
cells. Retinal strips (1 mm in width) were made from embryonic day
6 chick retinas. They were embedded in Matrigel™ and cultured for
24 hours under a constant electric field (0.1-2.0 mV/mm), which was
established by a negative feed back circuit and by monitoring a volt-
age difference between two points (15 mm apart) in the culture medi-
um. It was found that the direction of growing axons was reversed by
reversing the polarity of electric fields. No COL

S124 The 91st Annual Meeting of the PS], March 16 — 18, 2014, Kagoshima



Poster Presentations
Heart, Circulation (1)

Aortic baroreceptors play a greater role in baroreflex
regulation of heart rate than carotid sinus barorecep-
tors in unanesthetized, decerebrate rats

Idesako, Mitsuhiro; Matsukawa, Kaniji; Ishii, Kei; Endo, Kana;

Liang, Nan(Department of Integrative Physiology, Graduate School of Biomedical
and Health Sciences, Hiroshima University)

A previous study using decerebrate, arterially perfused rat reported
that aortic baroreceptors predominantly contribute to baroreflex reg-
ulation of heart rate (HR), while both aortic and carotid sinus barore-
ceptors similarly contribute to baroreflex regulation of superior mes-
enteric sympathetic outflow. To reexamine this issue using
unanesthetized, decerebrate rat, we used surgical denervation of bi-
lateral aortic nerves (AnD) or carotid sinus nerves (CSnD), to identify
the relative contribution of each baroafferent limb to baroreflex regu-
lation of HR and renal sympathetic nerve activity (RSNA). Mean arte-
rial pressure (MAP) was increased by phenylephrine to elicit baroreflex
bradycardia and sympathoinhibition. Baroreflex sensitivity (BRS) was
estimated from the maximal slope of the baroreflex curve between
the responses in MAP and HR or RSNA. AnD reduced BRS for HR to
31 = 5% of the control in intact condition, while CSnD reduced it to 63
+ 8%. There was a significant difference (P < 0.01) in the attenuated
BRS for HR between AnD and CSnD. In contrast, BRS for RSNA was
reduced to 50 = 5% following AnD and similarly to 58 £ 6% following
CSnD. These results indicate that aortic baroreceptors have a greater
influence on the cardiomotor limb of arterial baroreflex, while signals
of all four baroafferents equally contribute to the vasomotor limb of
arterial baroreflex. No COL

Involvement of orexin system in the sympathetic nerve
regulation

Murakami, Manabu'; Ohba, Takayoshi? Niwa, Hidetoshi?;
Kushikata, Testuya®; Ono, Kyouichi? Watanabe, Hiroyuki4;

Hirota, Kazuyoshi®(*Department of Pharmacology, Hirosaki University,
Graduate School of Medicine, Hirosaki, Japan, ?Department of Cellphysiology, Akita
University School of Medicine, Akita,Japan, *Department of Anesthesiology,
Hirosaki University, Graduate School of Medicine, Hirosaki, Japan, *Department of
Internal Medicine, Akita University School of Medicine, Akita, Japan)

Orexin is a neuropeptide secreted from hypothalamic neurons that is
known to be activated during motivated behaviors and active waking.
Beat-to-beat fluctuation in heart rate, a phenomenon termed HR vari-
ability, has been widely used to evaluate autonomic activity.In the
present study, we examined the importance of orexin system in the
regulation of sympathetic nerve system with orexin/ataxin-3 trans-
genic rat, which has marginal number of orexin neuron. RT-PCR
analysis showed expression of orexin and orexin receptor (OX1R) in
the superior cervical ganglion ganglion, while expression of another
receptor (OX2R) was low. Orexin/ataxin-3 transgenic rat showed in-
creased expression of two receptors, while expression of orexin was
undetectable, suggesting compensatory increase of both receptors.
Orexin A (10 nM) increased intracellular calcium in the superior cer-
vical ganglionic neuron, suggesting involvement of orexin system in
the sympathetic nerve control. In the ECG recording, orexin/ataxin-3
transgenic rats showed decreased responsiveness to S-blocker. Fur-
thermore, they showed deteriorated R-R interval regulation, indicating
involvement of orexin system in the sympathetic nerve regulation. No
COL

The effect of orexin-A on diurnal variation in arterial
pressure in rats fed high-fat diet

Yamaguchi, Aoi; Abe, Chikara; Kitagata, Yuta; Nagai, Yuko;

Obata, Koji; Morita, Hironobu(Gifu University School of Medicine, Gifu,
Japan)

The diurnal variation of arterial pressure (AP), lower AP during rest-
ing period and higher AP during active period, is observed in rats.
Since orexin is a neurotransmitter to regulate wakefulness, orexin
might participate in diurnal variation in AP. This variation is disap-
peared in rats fed high-fat diets (HFD), thus orexin control disorder is
considered. Accordingly, we examined circadian relationship between
orexin and AP in HFD rats. Rats were fed with normal-fat diets (NFD)
or HED for 11 weeks from postnatal day 28. We measured AP contin-
uously for 24 hs. After measurement of AP, both orexin-A mRNA
expression in hypothalamus and orexin-A in cerebrospinal fluid at 1:00,
7:00, 13:00, and 19:00 were measured. Baseline orexin-A in HFD rats
was higher than that in NFD rats. The diurnal variation of orexin-A
mRNA, higher in active period and lower in resting period, was ob-
served in NFD rats. This variation was completely abolished in HFD
rats. Acute injection of orexin-A into the rostral ventrrolateral medul-
la induced sympathoexcitation (172 *= 34%) and pressor response (36.0
+ 5.7 mmHg). These results indicate that higher and unchanging
orexin-A might participate in disappearance of diurnal variation in AP
in HFD rats. No COL
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The rostral nucleus of the solitary tract neurons re-
ceive convergent inputs from the aortic depressor and
lingual-trigeminal nerves.

Ishizuka, Ken'lchi; Satoh, Yoshihide(The Department of Physiology, The
Nippon Dental University School of Life Dentistry at Niigata, Niigata, Japan)

We examined responses of the rostral nucleus of the solitary tract
(NTS) neurons to stimulation of the aortic depressor nerve (ADN) and
lingual-trigeminal nerve (LTN), and also investigated whether these
inputs converge on to rostral NTS neurons in urethane-chloralose
anesthetized rats. The ADN stimulation significantly altered their
firing rates in one-third of the rostral NTS neurons, and did not in
two-third of the neurons. The LTN stimulation significantly altered
their firing rates in less than half of the rostral NTS neurons, and did
not in more than half of the neurons. Majority of the rostral NTS
neurons were found to exhibit a pulse-related activity in the ECG/
ABP-triggered correlation histograms. Moreover convergent inputs
from ADN and LTN were found in less than 20% of the rostral NTS
neurons. These results suggest that these neurons integrate the inputs
from baroreceptor and lingual-somatic afferents. These neuronal ac-
tivities may be involved in the reflex cardiovascular responses in part.
No COL

Downregulation of prepro-orexin gene expression in
the NTS of SHR may be prohypertensive
Gouraud, Sabine S; Waki, Hidefumi; Takagishi, Miwa;

Kohsaka, Akira; Maeda, Masanobu(Department of Physiology, Wakayama
Medical University School of Medicine, Wa kayama, Japan)

Since the nucleus tractus solitarii (NTS) is a pivotal region for regu-
lating the set-point of arterial pressure, we proposed a role for it in
the development of neurogenic hypertension. Our previous findings
suggest that the NTS of pre-hypertensive and hypertensive sponta-
neously hypertensive rats (SHRs) exhibits abnormal inflammatory
condition compared to the normotensive WKY rats (Gouraud et al. J
Hypertens. 2011, Gouraud et al. Auton Neurosci. 2011). Whether this
chronic condition affects the neuronal activity and plasticity in the
NTS remains unknown. To unveil the neuronal functions in the NTS
of SHRs, we investigated the expression of neurotrophin transcripts
in both young and adult SHRs. Real-time quantitative PCR revealed
that the expression of Hert (hypocretin, transcript for prepro-orexin
that forms orexin-A/hypocretin-1 and orexin-B/hypocretin-2) is altered
in the NTS of both adult and young SHRs. Hert transcript was also
found decreased in the hypothalamus of SHR but not in the cortex nor
the medulla oblongata. We have also found that orexin-A peptide mi-
croinjected into the NTS of anesthetized SHRs significantly decreased
arterial pressure and the depressor effects were larger in SHRs than
WKY rats, suggesting that its down-regulation in the NTS may con-
tribute to hypertension in the SHRs. These profiles may be involved
in the impairment of the neuronal circuitry regulating cardiovascular
autonomic activity during the development of SHR. Supported by
KAKENHTI (25870639). No COL

Cardiac vagal control in a knock-in mouse of dilated
cardiomyopathy with a troponin mutation

Zhan, Dong-Yun'; Du, Cheng-Kun'; Akiyama, Tsuyoshi';

Morimoto, Sachio?; Shimizu, Shuji'; Kawada, Toru’;

Shirai, Mikiyasu'('Natl. Cereb. Cardiovas. Ctr., Suita, Japan., >Fac .Med. Sci.,
Kyushu Univ., Fukuoka, Japan.)

Aims: To investigate the cardiac vagal control functions in a knock-in
mouse model of dilated cardiomyopathy (DCM) with 6K210 which
develops cardiac enlargement, heart failure, and frequent sudden
cardiac death like DCM patients. Methods: Microdialysis technique
was applied to the left ventricular myocardium of anesthetized mice
and myocardial interstitial acetylcholine (ACh) levels were measured
by HPLC as an index of ACh release from cardiac vagal nerve endings.
The effects of electrical stimulation of cervical vagal nerves at 5 and
10 Hz or a2-adrenergic stimulation by medetomidine (0.lmg/kg, i.v.)
on myocardial interstitial ACh levels were examined in wild-type (WT)
mice and 0K210 DCM mice. Results: Electrical vagal nerve stimulation
decreased heart rate (HR) and increased myocardial interstitial ACh
levels both in WT and DCM mice and the responses of HR and myo-
cardial interstitial ACh levels were not different between WT and
DCM mice. In contrast, administration of medetomidine decreased HR
and increased myocardial interstitial ACh levels both in WT and DCM
mice, but the responses of HR and myocardial interstitial ACh levels
were significantly suppressed in DCM mice compared to those in WT
mice. Conclusions: In a knock-in mouse of DCM, peripheral cardiac
vagal control functions including ACh release from vagal nerve endings
and postsynaptic response were preserved, but central vagal activation
through a2-adrenergic receptor was impaired. No COL

Characteristics of neural regulated vasoconstriction
on guinea pig hepatic vein

Takano, Hiromichi; Hashitani, Hikaru(Nagoya city university, Nagoya,
Japan)

It has been reported that the increase of resistance in hepatic vessels
regulates the blood circulation in the body through the venous return.
As the cellular mechanisms under such a vasoconstriction have not
been well understood, we examined the neuronal controls of contrac-
tion on the guinea-pig hepatic veins. The transmural nerve stimulation
(TNS) evoked contraction on the vessels. As the frequency of the
electrical stimulation increased (10-100 Hz), the amplitude and the
duration of the contraction were increased. These contractions were
absent in presence of Tetrodotoxin (3 uM). Phentolamin (3 uM) inhib-
ited the initial phase of the contraction. In addition, propranorol (3 uM)
increased the remaining contraction. Guanethidine (10 uM) also inhib-
ited the initial phase of the contraction. In contrast, atropine (1 uM)
shortened the duration of the TNS-evoked contraction. The remaining
contraction is abolished in presence of 10 uM guanethidine. 1-10 uM
phenylephrine evoked vasoconstriction in a dose response manner.
Isoproterenol (3 uM) evoked the relaxation of phenylephrine-contract-
ed vessels. Y-27632 inhibited both the TNS- and phenylephrine-evoked
contraction. These results suggest that the adrenergic and cholinergic
nerves regulate the contraction on the hepatic vein. No COL

S126 The 91st Annual Meeting of the PS], March 16 — 18, 2014, Kagoshima



Central serotoninergic system may be involved in
mechanisms underlying anti-hypertensive effect of ex-
ercise therapy

Waki, Hidefumi; Takagishi, Miwa; Gouraud, Sabine S;

Kohsaka, Akira; Maeda, Masanobu(Department of Physiology, Wakayama
Medical University School of Medicine, Wakayama, Japan)

We discussed the central mechanism of anti-hypertensive effect of
exercise therapy with a focus on the nucleus tractus solitarii (NTS),
which plays an important role in regulating cardiovascular homeosta-
sis. We identified that gene expression of the serotonin 1A (5-HT1A)
receptor, but not other subtypes, in the NTS was significantly de-
creased after long-term daily wheel running in hypertensive rats (SHR).
We also found that serotonin microinjected into the NTS of anesthetized
SHR significantly decreased arterial pressure (AP). Moreover, to iden-
tify cardiovascular control by the serotonergic system in conscious
animals, we microinjected a conjugate of an anti-serotonin transporter
(SERT) antibody and saporin (anti-SERT-SAP) into the NTS to Kkill
NTS-projecting serotonergic neurons. We found that AP measured in
freely moving rats significantly increased after anti-SERT-SAP injec-
tions into the NTS, and confirmed that serotoneregic neurons in the
dorsal raphe nuclei were reduced by anti-SERT-SAP injections. These
results strongly demonstrate that the raphe nuclei-NTS pathway de-
creases the basal level of AP. 5-HT2A receptors in the NTS are pre-
sumably involved in the cardiovascular responses (Laguzzi R. Cell Mol
Neurobiol 2003). Since 5-HT1A receptors counteract 5-HT2A receptors
action, we now hypothesized that down-regulation of 5>-HT1A receptors
in the NTS may be involved in the central mechanism of anti-hyper-
tensive effect of exercise therapy. This study was supported by the
JSPS (24500793). No COL

Renal and lumbar sympathetic nerve activity in re-
sponse to repeated obstructive apnea over 4 days in
rats

Miki, Kenju'; Sukeguchi, Chie'; Yoshimoto, Misa?(' Department of
Integrative Physiology, Nara Women's University, Nara, Japan., “Department of

Cardiac Physiology, National Cerebral and Cardiovascular Center Research
Institute, Osaka, Japan)

The aim of the present study was to examine responses of renal (RSNA)
and lumbar sympathetic nerve activity (LSNA) to repeated obstructive
apnea over 4 days. Wistar male rats were chronically instrumented
for measurements of RSNA, LSNA, and oxygen saturation of the brain
tissue, and a tracheal balloon for induction of apnea was implanted. At
least 3 days after the surgery, the rats were subjected to obstructive
apnea by inflating the tracheal balloon for 40 seconds. This process
was repeated 6 times/hour for 5 hours/day over a 4-day period. The
onset of the obstructive apnea increased RSNA, LSNA, and arterial
pressure, while those recovered to the pre-obstruction levels after the
cessation of obstructive apnea. The basal level of RSNA increased
gradually and significantly throughout the 4-day experimental period.
The magnitude of the LSNA increase was less than that of RSNA. The
basal levels of arterial pressure and heart rate remained within the
normal ranges throughout the experimental period. These data suggest
that repeated obstructive apnea activates RSNA in a cumulative
manner, which may in part trigger the development of hypertension
observed in sleep apnea syndrome. No COL

Responses of renal and lumbar sympathetic nerve ac-
tivity to chronic intermittent hypoxia in conscious rats
Yoshimoto, Misa'; Tsuchimochi, Hirotsugu'; Miki, Kenjuz;

Shirai, Mikiyasu' ('Department of Cardiac Physiology, National Cerebral and

Cardiovascular Center, Osaka, Japan, *Department of Integrative Physiology, Nara
Women's University, Nara, Japan)

The aim of the present study was to examine responses of renal (RSNA)
and lumbar sympathetic nerve activity (LSNA) to chronic intermittent
hypoxia in conscious rats. Wistar male rats were chronically instru-
mented with bipolar electrode for measurements of RSNA and LSNA
and a telemeter for measurement of arterial pressure. At least a week
after the surgery, rats were exposed to 20 cycles of normoxia and
hypoxia (5% O2 at nadir) per hour, 8hour a day for 2 weeks. The sham
group were subject to alternating cycles of air under identical exper-
imental conditions in parallel. When rats were exposed to the hypoxia,
RSNA, LSNA, arterial increased while heat rate tended to decrease.
However, basal levels of RSNA, LSNA, arterial pressure, and heart
remained unchanged throughout the 2-weeks experimental period. It
is therefore we failed to observe any significant changes in RSNA and
LSNA in response to chronic intermittent hypoxia over the 2-weeks
period in rats. No COL

Frequency-dependent effects of heel raising maneu-
ver on orthostatic cardiovascular responses
Niizeki, Kyuichi; Onodera, Miki; Saitoh, Tadashi(Department of

Biosystems Engineering, Graduate School of Science and Engineering, Yamagata
University, Yonezawa, Japan)

We investigated the effects of muscle pump function on cardiovascular
autonomic responses by heel raising maneuver (HRM) with four dif-
ferent frequencies of 6 (HRM;), 7.5 (HRM;;), 10 (HRM,), and 15 (HRM,;)
cycles/min. The R-R interval (RRI) and beat-to-beat blood pressure
(BP) were acquired in healthy subjects (8 males and 5 females, aged
25.0+9.6). From the continuous BP measurement, stroke volume (SV)
was calculated by a pulse-contour method. Cardiac output (CO) and
total peripheral resistance (TPR) were derived as SV times heart rate
and mean BP divided by CO, respectively. Using spectral analysis, RRI
and systolic blood pressure (SBP) variability were estimated for the
low- (LF) and high-frequency (HF) bands. Compared with the control
condition, HRM led to increase in the mean SV during standing. Short-
ening of RRI during quiet standing was suppressed by HRM except
for HRM,;. The increase in CO and decrease in TPR were observed
in HRM,, and HRM,;. HRM; induced increases in LF powers of RRI
and SBP, while increase in HF power of RRI was observed only in
HRM,,. These results indicate that there is frequency-dependent effect
of HRM on cardiovascular autonomic responses to upright posture.
Our results contribute to determining adequate frequencies of muscle
contraction that displays favorable hemodynamic effect of muscle pump
function during orthostatic stress. No COL
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Changes in prefrontal oxygenation associated with
the Stroop interference task in elderly subjects
Endo, Kana; Liang, Nan; Ishii, Kei; Idesako, Mitsuhiro;

Matsukawa, Kanji(Department of Integrative Physiology, Graduate School of
Biomedical and Health Sciences, Hiroshima University, Hiroshima, Japan)

Aging may lead to cognitive decline, while the underlying mechanism
is not fully understood. It has been suggested that the prefrontal
cortex exerts a significant influence on the cognitive function. The
age-related changes in the prefrontal cortex activity may play a role
in generation of cognitive decline in elderly subjects. To address this
issue, the prefrontal oxygenation during a consecutive cognitive task
(Stroop color word test; SCWT, 100 trials/session) was examined with
a two-channel near-infrared spectroscopy (NIRS) in young (23 = 1 yrs)
and older subjects (62 = 1 yrs). SCWT required the subjects to answer
the displayed color of an incongruent color word as quickly as possible.
The concentration of oxygenated-hemoglobin (Oxy-Hb) increased sig-
nificantly in the bilateral prefrontal areas during SCWT in both groups,
while the extent of increments was larger in young subjects. The
Oxy-Hb response was comparable between the right and left hemi-
sphere in young group, while the Oxy-Hb response in older group was
markedly blunted on the left side. Although the number of errors was
comparable between the two groups, the duration for SCWT became
longer in elderly people. These results suggest that the decrease in
the regional blood flow of the prefrontal cortex, especially on the left
side, may lead to lower outcome of the cognitive task. To examine the
responses among various cortical areas, a study using a multichannel
NIRS has been conducted and the results will be discussed. No COL

Effect of exhaustive exercise on the increase re-
sponse to visual stimulation in posterior cerebral ar-
tery blood flow

Yamaguchi, Yuji'; kkemura, Tsukasa'; Miyaji, Akane’;

Hayashi, Naoyuki2('Graduate School of Human-Environment Studies, Kyushu

University, Fukuoka, Japan, *Graduate School of Decision Science and Technology,
Tokyo Insitute of Technology, Tokyo, Japan)

Neurovascular coupling (NVC) is assessed as an increase response to
visual stimulation in the blood flow velocity in the posterior cerebral
artery (PCAv) (Aaslid 1987). To investigate whether an expected
change in PCAv accompanied with exhaustive exercise modifies the
response in PCAv to visual stimulation, we measured the PCAv by
transcranial Doppler ultrasound flowmetry during rest and exercise
in 13 healthy males while they performed a leg-cycle exercise at 75%
of maximal heat rate until exhaustion. NVC was estimated as the
relative change in PCAv from the mean value obtained during 20 s of
eye closing to the peak value obtained during 40 s of visual stimulation
involving looking at a reversed checkerboard. The conductance index
(CI) of the PCA was calculated by dividing PCAv by the mean arteri-
al pressure (MAP). At exhaustion, PCAv significantly decreased by
-4+1% (mean+SE) with a decrease in PaCO, by -3%+1%. PCAv response
to visual stimulation significantly decreased from 16+1 to 11=1%.
Compared to the resting baseline, exhaustive exercise significantly
decreased the increase response in MAP to visual stimulation from
5%2 to 0+1 mmHg. The CI response was not significantly changed.
These results suggest that exhaustive exercise decreases the PCAv,
and the magnitude of the response in PCAv to visual stimulation.
(Supported by Kozuki Foundation) No COL

Activation of NTS histamine H, receptors modulates
the gain of baroreflex control of heart rate in rats.
Takagishi, Miwa'2; Waki, Hidefumi'; Gouraud, Sabine S'; Kohsaka,
Akira'; Maeda, Masanobu'(‘Department of Physiology, Wakayama Medical

University, Wakayama, Japan, *Department of Therapeutic Health Promotion,
Kansai University of Health Sciences, Osaka, Japan)

HA-immunoreactive neurons are found exclusively in the tuberomam-
millary nucleus and known to project to many areas of the brain, in-
cluding the nucleus tractus solitarii (NTS), plays an important role in
regulating cardiovascular homeostasis. We have previously shown that
activation of histamine H, receptors in the NTS increased arterial
pressure (AP) and heart rate (HR), and attenuated the cardiac barore-
flex gain. In the present study, we examined whether H, receptors in
the NTS can affect the reflex gain independently of increases in the
basal AP and HR. Moreover, effects of endogenous histamine on the
reflex gain were examined in urethane-anaesthetized Wistar rats.
After 2-Pyridylethylamine (25 nmol), a histamine receptor H; agonist,
was unilaterally microinjected into the N'TS, the gain of the cardiac
baroreflex was significantly attenuated without any changes in the set
points of AP and HR. After bilateral microinjections of H,-receptor-spe-
cific antagonist (cetirizine hydrochloride) into the NTS (100 pmol), the
basal AP and HR, and the baroreflex gain were not changed from their
control values. These findings suggest that NTS histamine may mod-
ulate cardiovascular system via activation of H, receptors in the arous-
al stage as a high level of activity of histaminergic neurons thorough
H, receptors is seen in the arousal states, and we further confirmed
that activation of H; receptors in the NTS modulates cardiovascular
functions. No COL

Role of T-type Ca2+ channel expression in cardiomy-
ocytes exposed to hypoxic condition in the heart
Morishima, Masaki'; Osagawa, Satoshi'; Inagaki, Tadakatsu?;
Tsuchimochi, Hirotsugu?; Shirai, Mikiyasu?; Ono,
Katsushige'('Department of Pathophysiology, Oita University School of
Medicine, Oita, Japan, *Department of Cardiac Physiology, National Cerebral and
Cardiovascular Center Research Institute, Osaka, Japan)

T-type Ca* channel currents (/.,7) are involved in automatic activity
in cardiac cells. The Cay3.1 and Cay3.2 isoforms are responsible for /.,
in normal atrial and nodal myocytes but not in ventricular myocytes.
In pathological condition, both isoforms are functionally expressed in
ventricular cardiomyocytes. However, a direct relation between hy-
poxic stress and T-type Ca®" channel regulation is not known. We
investigated molecular mechanisms for transcriptional regulation of
the T-type Ca** channel (Cay3.1 and Cay3.2) in adult and neonatal rat
cardiomyocytes exposed to hypoxia. Male Wistar rats (10 wk) were
subjected to normoxia (20% O,) or hypoxia (8% O,) for 3 h. mRNA
expression of the T-type Ca®" channel and transcription factors (Spl,
1d2, Csx/Nkx2.5, NRSF) were assessed by real-time PCR. Down-regu-
lation of Cay3.1 mRNA in hypoxic cardiomyocytes was accompanied
by an increase in transcriptional repressor 1d2 through the activation
of hypoxia-inducible factor-la (Hif-1a). On the other hand, expression
of Cay3.2, NRSF, and Csx/Nkx2.5 mRNA was not changed. Hypoxic
stimulation (1% O,, 6-24 h) decreased the beat rate of cardiomyocytes
associated with reduction of the Cay3.1 isoform. These results suggest
a novel signal pathway for the pathological expression of Cay3.1 in
cardiomyocytes depending on the transcription factors Hif-1a and Id2.
No COL
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Overexpression of SERCA or sarcolipin does not alter
Ca?* induced Ca?* release and Ca?* leak in mouse
myocardium

Morimoto, Satoshi'; Hongo, Kenichi'; Kusakari, Yoichiroz;
Komukai, Kimiaki'; Kawai, Makoto'; Yoshimura, Michihiro’;

Kurihara, Satoshi2(*Doision of Cardiology, Jikei Univ. Sch. Med., Tokyo, Japan,
*Department of Cell Physiology, Jikei Univ. Sch. Med., Tokyo, Japan)

Sarcoplasmic reticulum (SR) plays an important role in cardiac exci-
tation-contraction coupling. Recently, decreased Ca*" uptake into SR
by SR Ca?*-ATPase (SERCA) has been reported to decrease cardiac
contraction in heart failure. However, the relationship between Ca?
uptake and SR functions [maximal Ca** content, Ca*" induced Ca*
release (CICR) and Ca?* leak] has not been fully investigated. We in-
vestigated the relationship between Ca®" uptake into SR by SERCA
and other SR functions using genetically manipulated mice hearts. We
used saponin-treated thin trabeculae obtained from mice hearts with
overexpression of SERCA (SERCA-TG) or sarcolipin (SLN-TG). Ca*
content was measured by releasing all Ca* from SR by caffeine (50
mM) after loading Ca** into SR in the presence of ATP (4 mM) and
various concentrations of Ca*" for various durations. CICR and Ca®
leak were estimated by measuring the remaining Ca?* in SR after
treating the Ca®"-loaded SR with the solutions of various Ca** concen-
trations (relaxing solution at pCa 20 for Ca** leak). Ca®" uptake rate
was faster in SERCA-TG and slower in SLN-TG than that in each
non-transgenic mouse (NTG). Maximal Ca** content, Ca** leak and CICR
in SERCA-TG, SLN-TG and each NTG were almost identical. The
results suggest the modulation of Ca?* uptake rate does not alter
maximal Ca?" content, CICR and Ca®" leak at steady state. No COL

Role of mitochondria on stretch-induced increase in
calcium spark rate.

Kaihara, Keiko; Naruse, Keiji; Iribe, Gentaro(Cardiovascular Physiology,
Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences, Okayama, Japan)

We have previously reported that myocardial diastolic stretch induc-
es an increase in Ca** spark rate. It has been reported that diastolic
stretch rapidly produces reactive oxygen species (ROS) via NADPH
oxidase (NOX), and oxidates ryanodine receptors to give rise to an
increase in Ca®" spark rate. Mitochondria are well-known as another
source of ROS via electron transport chain in ATP production process.
In the present study, we investigated the involvement of mitochondri-
al ROS production in stretch-induced acute increase in Ca** spark rate
in mouse ventricular myocytes. Isolated mouse ventricular myocytes
were exposed to 10% axial stretch using computer-controlled piezo-ma-
nipulated carbon fibers, attached to both cell ends. Diastolic spark rate,
ROS production and mitochondrial membrane potential were studied
using Fluo4, DCF and TMRE-loaded cells, respectively. Axial stretch
significantly increased Ca?" spark rate (n = 19) and ROS production (n
= 16). Applying 5 uM mitochondrial metabolic uncoupler FCCP in the
presence of 5 uM oligomycin (to prevent ATP depletion) blunted the
both response. Stretch significantly hyperpolarized mitochondrial mem-
brane potential. The present results suggest that myocardial stretch
increases not only NOX2-derived ROS but also mitochondrial ROS,
and both are involved in stretch-induced increase in Ca?" spark rate.
Stretch-induced mitochondrial hyperpolarization suggests that stretch
enhances electron transport system, leads to increase in mitochondri-
al ROS production. No COIL

Ca,1.3 is involved in /I, in mouse SAN cells

Toyoda, Futoshi'; Mesirca, Pietro®34; Dubel, Stefan34;

Ding, Wei-Guang'; Striessnig, Joerg®;, Mangoni, Matteo E&34;
Matsuura, Hiroshi'('Dept. Physiol., Shiga Univ. Med. Sci., Otsu, Japan,
’CNRS, IGF, Dept Physiol, Montpellier, France, ’INSERM, Montpellier, France,
“Univ Montpellier 1 & 2, France, 5Dept Pharmacol Toxicol, Ctr Mol Biosci, Univ
Innsbruck, Austria)

The sustained inward Na® current (/) has been put forward as a
potential inward current driving the pacemaker depolarization. How-
ever, unknown molecular correlates for / limits the understanding of
its significance in the SAN pacemaker activity. Previous studies have
revealed close similarity between 7 and /,; in their pharmacological
properties, suggesting that these distinct currents share a common
molecular determinant. To directly address this hypothesis, the pres-
ent study employed two genetically modified mouse models. Patch-
clamp recordings of /; in mouse SAN cells were characterized by an
activation on depolarization in the pacemaker potential range, little
inactivation during depolarizing pulses, Na*-permeability and sensitiv-
ity to various classes of /.,; modulators. In knock-out mice with dis-
ruption of Cay1.3 Ca?* channel subunit, I.,; was significantly reduced
and its voltage sensitivity for activation was shifted to positive direc-
tion, which was accompanied by complete loss of 7. On the other hand,
in knock-in mice carrying a point mutation that renders Cay1.2 dimin-
ished affinity for binding of DHPs, a considerable fraction of /., ex-
hibited resistance to the inhibition by nifedipine, whereas I, retained
the DHP sensitivity comparable to that in wild-type. These findings
clearly show that Cay1.3 subunit is involved in the generation of not
only I,; but also /. No COL

Quantifying contributions of individual ion transport
mechanisms to electric activities by using cardiac
myocyte models.

Yamaoka, Hiroyo(Graduate School of Life Sciences, Ritsumeikan University,
Shiga, Japan)

The computer models of cellular function is developed by integrating
empirical experimental equations (ordinary differential equation), which
describe activities of constitutive molecules. The cell model should be
firstly validated by reproducing various experimental findings. Then,
it is essential to analyze mathematical behavior of the model to clarify
the principle of cellular function, as well as the stability of the system.
Our group developed the method ‘lead potential analysis’ to determine
quantitative contribution of each ion channels and transporters to the
electric activities of the cell model, such as the pacemaker depolariza-
tion in the sino-atrial node, the ventricular repolarization and abnormal
behavior. In the present study, we further revised the method and
demonstrate results of applying the method to representative ventric-
ular cell models. No COL
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C-terminal helix D of KCNQ1 contributes to normal /,,
channel function

Komatsu, Takuto'; Kinoshita, Koshi?; Kimoto, Katsuya';

Hata, Yukiko?; Aonuma, Kei'; Tsushima, Eikichi'; Nishide, Kohki';
Hisajima, Nozomi'; Takahashi, Hiroyuki'; Fukurotani, Kenkichi';
Nishida, Naoki2; Tabata, Toshihide'('Lab. Neural Info. Tech., Grad. Sch.
Scis. & Eng., Univ. Toyama, Toyama, Japan, *Dept. Legal Med., Grad. Sch. Med. &
Pharm. Scis., Univ. Toyama, Toyama, Japan)

Mutations of KCNQI which encodes the a subunit of the slow delayed
rectifier K* (/) channel may cause cardiac repolarization abnormality
and severe arrhythmia. We found that a patient with a mild QT inter-
val prolongation carries KCNQI with a mutation (A5907T) in the helix
D, a region suggested to be important for subunit multimerization and
channel trafficking. The mutation at the next position (G589D) has been
reported to disrupt the interaction of KCNQ1 with Yotiao (AKAPY),
which is responsible for cAMP-dependent /i, modulation necessary
for normal channel gating. We examined whether and how the A590T
and G589D mutations affect the molecular and electrophysiological
properties of I, channel in HEK-293T cells.

Immunoblot analysis showed that both the mutant KCNQI could
multimerize by themselves or with wild-type subunit. Immunoprecip-
itation analysis showed that both the mutant KCNQI could form
complexes with Yotiao and KCNEL. Patch-clamp analysis showed that
an intracellularly applied cAMP analog augmented both 7, mediated
by A590T mutant channel and wild-type channel to similar extents.
These results indicate that KCNQI helix D plays important roles in
the functional expression of /i, channel via novel mechanisms inde-
pendent of interaction with Yotiao. No COL

Testosterone abbreviates QT intervals and up-regu-
lates KvLQT1 channel in cardiomyocytes through ge-
nomic pathway

Masuda, Kimiko; Wang, Yan; Ma, Fang Fang; Morishima,

Masaki; Takanari, Hiroki; Ono , Katsushige('Department of
Pathophysiology, Oita University School of Medicine, Oita, Japan)

After adolescence, men have shorter QT intervals compares with these
in women. It is postulated that QT intervals are modulated by sex
hormones. Although it has been recognized that testosterone activates
delayed rectifier potassium current in cardiomyocytes by non-genome
action through NOS, the long-term actions of testosterone on ion
channels are not known. Then, we investigate the role of testosterone
focusing on its electrophysiological long-term action in rats. After
administration of testosterone to castrated male rats, QT intervals
were gradually shortened, and reached significant difference a week
later (-12+4%). Expression of KvLQT1 channel was increased by 43%
in mRNA level, and by 10% in protein level. However, expression of
ERG, Kir2.1, Kv4.3, Kv4.2, MiRP1, minK, and KChIP2 was unchanged.
The similar up-regulation of KvLQT1 channel by testosterone was also
confirmed by female rats’ cardiomyocytes. This results suggest that
testosterone modifies QT intervals through a genome pathway, which
may responsible for the difference between men and women in ar-
rhythmogenic substates. No COL

Effects of ibudilast on the GIRK channel in isolated
atrial myocyte and atrial fibrillation induced by vagal
nerve stimulation in rat

Kimura, Shingo'; Harata, Misato'; Fujita, Reiko?;

Hirose, Masamichi®; Kubokawa, Manabu' ('Dept. of Physiology, Iwate
Medical University, Morioka, Japan, Dept. of Chemistry, Ctr. Lib. Arts & Sci.,

Twate Medical University, Morioka, Japan, *Dept. of Molecular & Cellular
Pharmacology, Sch. of Pharmacy, Iwate Medical University, Morioka, Japan)

Ibudilast is known as a non-selective phosphodiesterase inhibitor, and
has been used for treatment of bronchial asthma or cerebral contrac-
tion. In an isolated atrial myocyte under voltage clamp, ibudilast
non-competitively and reversibly inhibited acetylcholine (ACh)-induced
G-protein-activated inwardly rectifying K* (GIRK) current. Further-
more, ibudilast also suppressed GIRK channel current elicited by in-
tracellular application of GTPyS, a nonhydrolyzable analogue of GTP.
Although intracellular application of ibudilast did not inhibit the ACh-in-
duced GIRK current, extracellular application markedly inhibited it
in the same cell. We further examined the effects of ibudilast on the
sinus rate and atrial fibrillation in anesthetized rats. Electrical stimu-
lation of bilateral cervical vagal nerves frequency-dependently de-
creased the sinus rate, and atrial fibrillation was induced by burst
pacing of the left atrium during vagal stimulation. Injection of intra-
venous ibudilast significantly recovered the decreases in the sinus rate
in response to vagal stimulation, and suppressed the onset of atrial
fibrillation except one of 8 rats during vagal stimulation. These results
suggest that the ibudilast is effective for prevention or treatment of
atrial fibrillation by inhibiting the current of GIRK channels. No COL

The Effect of Nicorandil on Na/Ca Exchange current
in Cardiac Myocytes

Watanabe, Yasuhide'; Wei, Jia-zhang?; Takeuchi, Kazuhiko?;
Yamashita, Kanna'; Kita, Satomi®; lwamoto, Takahiro?;

Watanabe, Hiroshi?; Kimura, Junko*('Department of Health Science,
Hamamatsu University School of Medicine, Hamamatsu, Japan, *Department of
Clinical Pharmacology, Hamamatsu University School of Medicine, Hamamatsu,
Japan, *Department of Pharmacology, Fukuoka University School of Medicine,
Fukuoka, Japan, *Department of Pharmacology, Fukushima Medical University
School of Medicine, Fukushima, Japan)

It was previously reported that nicorandil, a K(ATP) channel opener
may exert antiarrhythmic actions by abolishing triggered activity
(Lathrop et al, 1990). The triggered activity induced by delayed af-
ter-depolarization (DADs) is one of the mechanisms of ventricular
arrhythmias associated with intracellular Ca?* overload. In this study
we examined the effect of nicorandil on Na/Ca exchange current (Iycy)
in isolated guinea pig ventricular myocytes using the whole-cell patch
clamp technique. Nicorandil enhanced Iy in a concentration-depen-
dent manner. The ECy, values of nicorandil were 150 uM and 8.7 uM
for the outward and inward components of Iy, respectively. 8-Br-cG-
MP, a membrane permeable analog of cGMP also enhanced the Iyqy
in a concentration-dependent manner. ODQ), a guanylate cyclase inhib-
itor (10 uM) almost completely abolished the effects of both nicorandil
and 8-Br-cGMP on I-x. DADs induced by electrical stimulation with
ouabain disappeared in the presence of 100 uM nicorandil. We con-
cluded that nicorandil enhances the function of Na/Ca exchanger (NCX)
via guanylate cyclase, and this may partially contributed to the cardi-
oprotection of nicorandil by accelerating Ca** exit via NCX. No COL
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Induced automaticity in ventricular myocytes from
transgenic mice overexpressing HCN2

Oshita, Kensuke'; Itoh, Masayuki'; Yanasgi (Ishihara), Keiko';
Kuwabara, Yoshihiro®, Kuwahara, Koichiro®; Ushijima, Kazuo?;
Takano, Makoto! (‘Dept. of Physiol., Kurume Univ. Sch.of Med. Kurume, Japan,
“Dept. of Anesth., Kurume Univ. Sch. of Med. Kurume, Japan, *Dept. of Cardiovasc.
Med., Grad. Sch. of Med. Kyoto Univ. Kyoto, Japan)

HCN channels are expressed in the ventricle of fetal hearts ,and are
silenced during development. These channels are re-expressed in the
hypertrophied heart, and have been suggested to underlie arrhythmo-
genesis. To test this hypothesis, we generated and analyzed transgen-
ic mice overexpressing HCNZ2 specifically in their hearts (HCN2-Tg).
Action potentials (APs) and membrane currents were recorded using
whole-cell patch clamp method. In all of HCN2-Tg myocytes, 0.3 uM
isoproterenol (ISO) significantly depolarized the resting membrane
potential (RMP). In 77 % of HCN2-Tg myocytes, ISO induced sponta-
neous action potentials (SAPs). In the rest of HCN2-Tg myocytes, the
late repolarization phase of evoked APs was significantly slower than
in WT myocytes. Analysis of membrane currents and time-differential
of APs revealed that these differences are attributable to HCN2 tail
current. When the RMP was hyperpolarized in 3 mM K* bathing
solution, the RMP in HCN2-Tg was more depolarized than in WT
myocytes, but this difference was not observed in the presence of the
HCN blocker, ivabradine. Moreover, the RMP of HCN2-T'g was unsta-
ble under hypokalemic condition, and SAPs was induced in 57% of
HCN2-Tg myocyte. These findings suggest overexpression of HCN2
increases the likelihood of arrhythmia, particularly under pathological
conditions such as excessive f adrenergic stimulation or hypokalemia.
No COL

Self-beating atypically-shaped cardiomyocytes
(ACMs), a novel subpopulation of heart cells, origi-
nate from cardiac progenitor cells expressing prion
protein (PrP) in adult mouse heart

Nishino, Yuka; Nozuchi, Nozomi; Omatsu-Kanbe, Mariko;

Matsuura, Hiroshi(Department of Physiology, Shiga University of Medical
Science, Otsu, Japan)

Atypically-shaped cardiomyocytes (ACMs) are a new subpopulation
of spontaneously beating heart cells with a peculiar morphology iden-
tified within a culture of cardiac myocyte-depleted fraction cells ob-
tained from adult mouse cardiac ventricles. ACMs grow in size and
start beating within ~3 days culture without appreciable proliferation
or expression of stem cell marker proteins, but stay in the heart until
elderly stages. It has been recently reported that prion protein (PrP)
serves as a surface marker for isolating cardiomyogenic progenitors
from murine embryonic stem cells. The present study examined the
localization of original ACMs in mouse heart using PrP as a cell mark-
er. ACMs were found to express PrP mostly in the plasma membrane
even in the very early stage of culture. ACMs could be isolated by
flow cytometry, though the yield was very low. Immunohistochemical
analyses revealed that the cells co-expressing PrP and cardiac troponin
T (cTnT) existed in the interstitial spaces among ventricular myocytes.
These cells were observed as solitary or clustered cells. The results
suggest that the PrP(+)/cTnT(+) cells identified in the mouse cardiac
ventricles are the origins of ACMs resident as cardiac progenitor cells
in the post natal mouse heart. No COL

Identification of a novel type of possible cardiac pro-
genitor cells co-expressing prion protein (PrP) and
cardiac troponin T (cTnT) in adult human heart
Nozuchi, Nozomi; Nishino, Yuka; Omatsu-Kanbe, Mariko;

Matsuura, Hiroshi(Department of Physiology, Shiga University of Medical
Science, Otsu, Japan)

The present study examined to seek a novel type of cardiac progeni-
tor cells in adult human heart. We have recently identified a new
population of heart cells in adult mouse cardiac ventricles that spon-
taneously develop into beating cardiomyocytes with a peculiar mor-
phology, defined as atypically-shaped cardiomyocytes (ACMs). ACMs
did not appreciably proliferate or express stem cell marker proteins,
but survive the long-term post-natal development of cardiac ventricles.
Prion protein (PrP) has been reported to serve as a surface marker
for isolating cardiomyogenic progenitors from murine embryonic stem
cells, and we have found that mouse ACMs strongly express PrP
mostly in the plasma membrane even in the very early stage of culture.
To investigate whether such PrP-positive ACM-like cells are resident
in human heart, immunohistochemical analyses were performed in
human cardiac ventricular tissues fixed within 2~3 hr after death
selected from 5 patients (2 male, 3 female; aged 41-86 years old) who
died of cancer or respiratory failure. We found that small cells co-ex-
pressing PrP and cardiac troponin T (¢TnT) existed in the interstitial
space among ventricular myocytes in all human tissues tested. These
cells did not express hematopoietic stem cell marker CD45. The results
suggest the possibility that these PrP/cTnT-positive cells survive
during life as cardiac progenitor cells in human heart. No COL

Mathematical analysis of end systolic force length re-
lation of a linear approximated cardiac cell contrac-
tion model

Nakai, Shota; Amano, Akira(Dept. of Life Sciences, Graduate School of Life
Science, Ritsumeikan Univ, Shiga, Japan)

To elucidate the behavior of Emax, which is the slope of the end
systolic pressure volume relation (ESPVR), it is useful to use simulation
models. This study adopts the cardiovascular hemodynamics model
consists of a cardiac contraction model, Negroni Lascano 1996 (NL96)
model, a circulation model, and a left ventricular geometry model to
relate the NL96 model with the circulation model. The simulation
model gives a good reproduction of the high linearity of ESPVR. To
investigate the parameters that affect Emax, a linear approximated
NL96 model was employed for the mathematical analysis. With this
model, analytically derived end systolic force length relation (ESFLR)
showed that the slope of ESFLR is proportional to the rate parameter
of cross-bridge attachment to a thin filament site and the coefficient
of overlap function that represents the overlap ratio of actin and my-
osin to the sarcomere length. Furthermore, it was revealed that the
slope is inversely proportional to the rate parameter of cross-bridge
detachment to a thin filament site. These results were verified by the
numeric simulation results of the original model. No COL
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The effect of blood contact surface area during car-
diopulmonary bypass—Biological body evaluation in
a rat model—

Fuijii, Yutaka'; Shirai, Mikiyasu?; Takewa, Yoshiaki';

Tatsumi, Eisuke'(!Dept. Artif Organs., Natl.Cereb. Cardiovas. Ctr, Osaka,
Japan, *Dept. Cardiac Physiol., Natl.Cereb. Cardiovas. Ctr, Osaka, Japan)

Extracorporeal life support, such as the cardiopulmonary bypass (CPB),
preserve the patient’s life by providing adequate oxygen supply and
blood flow to vital organs. However, previous studies have suggested
that the interaction of blood and large artificial surface contributes to
inflammatory response during CPB. As a result of series of chain re-
actions, the numerous powerful inflammatory mediators, including
hormones and autacoids, are formed and released. We hypothesized
that small CPB circuit which reduces priming volume and blood con-
tact surface area attenuates the systemic inflammatory response with
a reduction of inflammatory cytokine levels and organ tissue damage
during CPB. Rats were divided into the high priming volume CPB
(priming volume: 15 ml, surface area: 0.044 m? group and the low
priming volume CPB (priming volume: 7 ml, surface area: 0.036 m?
group. CPB pump flow was maintained at 80 ml/kg/min. Blood samples
were collected before, and 60 min and 120 min after initiation of CPB.
Pro-inflammatory markers such as (TNF-a) and biochemical markers
(LDH, ALT, AST) were significantly elevated in the high priming
volume CPB group compared with the low priming volume CPB group
at 60 min. At 120 min, however, none of the markers was statistically
different between the 2 groups. These data suggested that in addtion
to the blood contact surface area factor, the CPB exposure duration is
also an important factor for causing the systemic inflammatory re-
sponse. No COL

Effects of capsaicin treatment on rat left ventricular
mechanical work and energetics in comparison with
hyperthermia

Obata, Koji'; Abe, Chikara'; Morita, Hironobu’;

Takaki, Miyako'2('Dept. of Physiology, Gifu University Graduate School of

Medicine, Gifu, Japan, *Dept. of Molecular Pathology, Nara Medical University
School of Medicine, Kashihara, Japan)

We previously reported that the effects of hyperthermia (42°C) on left
ventricular (LV) mechanical work and energetics using the excised,
cross-circulated rat heart model. We now investigated the effects of
capsaicin (a TRPV1 agonist) on LV mechanical work and energetics.
We analyzed the LV end-systolic pressure-volume relation (ESPVR)
and the linear relation between the myocardial oxygen consumption
per beat (VO,) and systolic pressure-volume area (PVA; a total me-
chanical energy per beat) in isovolumically contracting rat hearts
during infusion of capsaicin (1-40 ng/ml) under 300-bpm pacing. In
capsaicin treated-hearts, LV ESPVR shifted downward from the con-
trol ESPVR like in hyperthermic-hearts. The slope of VO,-PVA relation
was not significantly different. However, the VO, intercept that is
composed of each VO, fraction consumed in excitation-contraction
(E-C) coupling (mainly consumed for calcium handling) and for basal
metabolism, was decreased in capsaicin treated-hearts differently from
that in hyperthermic-hearts. In hyperthermic-hearts, the VO, intercept
was not changed because of decreased E-C coupling VO, and increased
basal metabolic VO,. Western blotting analysis showed that the protein
levels of SERCAZ2, phospholamban (PLB) and phosphorylated PLB were
not changed. These results indicated that capsaicin decreased the LV
contractility like hyperthermia due to the down-regulation of the cal-
cium handling in E-C coupling. No COL

Optical mapping study of the condition for circus
movement of the excitatory waves in the rat isolated
atrium preparation

SAKAI, Tetsuro(Department of Systems Physiology, Graduate School and
Faculty of Medicine, University of the Ryukyus, Okinawa, Japan)

Using the optical mapping methods, we have studied the spatiotem-
poral pattern of the electrical activitie in the isolated rat auricular
preparation. Each preparation was stained with a fast merocy-
anine-rhodanine voltage-sensitive dye (NK2761). Using a multi-element
(16 X 16) photodiode array, we assessed optically the spread of excitation
by timing the feet of optical action potentials. We tried to evoke the
event of the tachyarrythmia (tachycardia-like excitation) with the
circus movement of excitatory waves (re-entry) by applying tetanus
stimulation under several conditions. As reported previously, events
of tcachycardia-like-excitation are observed in the preparation with an
anatomical obstacle. In the Ca?* over loaded condition, the re-entry of
excitatory waves was also observed. In this study, we have newly
found the tcachycardia-like-excitation with re-entry of the excitatory
waves by applying ouabain or ryanodine. In both conditions, the blocked
areas through which excitation could not propagate appeared tran-
siently during the formation of the re-entry path. The blocked area
without anatomical obstacles also appeared in the center of the re-en-
try path (singular area). All these chemical procedures seem to disturb
the intracellular Ca* dynamics, supporting our hypothesis that the
tcachycardia-like-excitation with anomalous patterns of the excitation
spread including the circus movement of the excitatory waves is in-
duced by the inhomogenous increase of intracellular Ca** concentration.
No COL

High-speed live imaging of single sarcomeres in the
mouse heart in vivo.

Kobirumaki-Shimozawa, Fuyu'; Oyama, Kotaro?; Hirokawa, Erisas;
Shimozawa, Togo*; Terui, Takako®, Minamisawa, Susumu’;
Ishiwata, Shin'ichi?; Fukuda, Norio' ("Department of Cell Physiology, The
Jikei University School of Medicine, Tokyo, Japan, *Department of Physics, Waseda
University, Tokyo, Japan, *The Jikei University School of Medicine, Tokyo, Japan,
*Department of Physics, Gakushuin University, Tokyo, *Department of Cell
Physiology Anesthesiology, The Jikei University School of Medicine, Tokyo, Japar)

To explore the molecular mechanisms of cardiac muscle contraction
under physiologic conditions, we directly imaged the motions of single
sarcomeres in the beating heart iz vivo at high spatial and temporal
resolution. The sarcomeric Z-lines were labeled with g-actinin-AcGFP
via infection of recombinant adenoviruses, and sarcomere lengths were
measured using a spinning disk confocal microscope at ~100 fps (res-
olution in XY plane, ~20 nm). We successfully imaged sarcomeric
motions, simultaneously with electrocardiogram and left ventricular
pressure. Our analysis revealed that there exists a positive correlation
between sarcomere length and left ventricular pressure (ie., the
Frank-Starling law of the heart). Likewise, Ca?>* waves / transients
were observed in cardiomyocytes of the isolated heart. At the meeting,
we will discuss how cardiac excitation-contraction coupling is organized
in vivo. No COL
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Simultaneous observation of single sarcomere length
and local calcium in rat neonatal cardiomyocytes via
expression of cameleon-Nano in Z-discs

Tsukamoto, Seiichi'; Oyama, Kotaro?; Shintani, Seine?;
Kobirumaki, Fuyu'; Ishiwata, Shinichi23; Fukuda', Norio'('Department
of Cell Physiology, The Jikei University School of Medicine, Tokyo, Japan,
*Department of Physics, Faculty of Science and Engineering, Waseda University,

Tokyo, Japan, *Waseda Bioscience Research Institute in Singapore, Waseda
University, Singapore, Singapore)

In cardiac muscle, contraction is regulated by micromolar concentra-
tions of Ca?" released from the sarcoplasmic reticulum (SR) (ie., the
Ca*-induced Ca*" release mechanism), resulting in the binding of Ca*
to troponin C and subsequent formation of cross-bridges. In order to
enhance our understanding of cardiac excitation-contraction coupling,
we in the present study developed a novel experimental system for
simultaneous measurement of intracellular Ca*" and single sarcomere
length via expression of yellow cameleon-Nano (i.e., FRET-based ultra-
sensitive Ca** indicator) fused to the C-terminus of g-actinin in Z-discs
in primary-cultured rat neonatal cardiomyocytes. The fluorescence
emission ratio (i.e, YFP/CFP) of the expressed fusion protein varied
in response to a change in [Ca?']i. Under a dual-view microscopy, we
measured local Ca?" changes by imaging YFP/CFP and analyzed
single sarcomere length by detecting the distance between the YFP
fluorescence profiles. Accordingly, we found that sarcomere length
varied in response to a change in YFP/CFP in various regions of the
myocyte. These results suggest that the present experimental system
with yellow cameleon-Nano is useful for the simultaneous imaging of
local Ca®" and single sarcomere length in cardiomyocytes. No COL

The developmental changes in the contractile pro-
teins of rat embryonic hearts around the period of the
appearance of the heartbeat

Kobayashi, Takeshi; Maeda, Sachiko; Ichise, Nobutoshi;
Miyakawa, Tsuyoshi; Ogon, Izaya; Yamada, Yoichi;

Tohse, Noritsugu(Department of Cellular Physiology and Signal Transduction,
Sapporo Medical University School of Medicine, Sapporo, Japan)

Wistar rat heart begins to contract at embryonic day 9.99-10.13, before
the appearance of the linear heart tube, and the beginning of the
calcium transient precedes the initiation of contraction. In order to
investigate the relationship between the calcium transient and con-
traction, we tried to detect the developmental change in the contrac-
tile protein amount of individual embryonic heart by high sensitivity
3-step Western blotting method. We already reported that myosin
regulatory light chain of embryonic heart increased around the period
of the appearance of the heartbeat. In this study, we showed the de-
velopmental increase in troponin I during this period. This result in-
dicated that the developmental increase in troponin I also involves in
the initiation of contraction. No COL

Preliminary analysis of cell cycle regulation in cardio-
myocytes.

Hashimoto, Ken; Ujihara, Yoshihiro; Mohri, Satoshi(First Dept. of
Physiology, Kawasaki Medical School, Japan)

Early in the development, embryonic cardiomyocytes (CMs) actively
proliferate. But this activity is lost shortly after birth in mammals, the
mechanisms of which are unknown. At birth, CMs are exposed to
dramatic environmental changes, including (1) the abrupt elevation of
oxygen tension by the onset of breathing (PaO,: 20mmHg in fetuses
to 100mmHg in adults), (2) the temporary starvation due to the loss of
maternal blood supply, and (3) drastic hemodynamic changes. Here we
focused on the effect of elevated O, tension on CM proliferation. Fetal
CMs at embryonic (E) day 17 were isolated from C57BL/6 mice, with
keeping low O, conditions (3%) during isolation. The exposure of these
CMs to atmospheric O, (20%), that mimics birth, inhibited cell prolif-
eration which was evaluated both by direct cell count and the expres-
sion of cell cycle marker Ki67. This suggests that increased O, exposure
to CMs at birth is the fundamental signal to initiate the downstream
gene programs for cell cycle exit, and low O, milieu may be essential
for fetal CMs to actively proliferate. To identify the critical genes to
mediate the O,dependent cell cycle exit, we performed microarray
analysis using two different set of samples. The first was the CMs from
fetus (E16) vs neonate (postnatal day 2-3). The second was the isolat-
ed fetal CMs cultured under low (3%) vs normal (20%) O, conditions.
While the former covers the whole effect of complicated changes at
birth, the latter dissects the effect of O, changes alone. We are now in
the step to select the critical genes, and validate the functions of each
gene in knock-down experiments. No COL

Submembranous di-phosphorylation of myosin light
chain and actin fiber formation play a critical role in
thrombin-induced endothelial barrier disruption

Hirano, Katsuya; Hirano, Mayumi(Department of Molecular Cardiology,
Graduate School of Medical Sciences, Kyushu University)

Background: The phosphorylation of myosin light chain (MLC) is a
fundamental mechanism for endothelial barrier disruption. MLC is
phosphorylated at S19 and T18. Any differential role of mono- and
di-phosphorylation of MLC (MLC-P and MLC-PP) was investigated.
Methods: The trans-endothelial electrical resistance (TER) was moni-
tored as an indication of barrier function in porcine aortic endothelial
cells. The levels of MLC-P and MLC-PP were quantified with Phos-tag
SDS-PAGE. MLC The MLC mutants were expressed by using adeno-
viral vector. Results: Thrombin induced a decrease in TER with an
increase in MLC-P from 24% to 35% and MLC-PP from 2% to 35%.
MLC-P localized in peri-nuclear region, while MLC-PP localized at
submembranous region, where actin fiber formation was also induced.
Rho kinase inhibitors (H1152 and Y27632) inhibited thrombin-induced
decrease in TER and submembranous MLC-PP and actin fiber forma-
tion. The expression of exogenous MLC substituted 85% of endogenous
MLC. In the cells expressing MLC"!, thrombin induced submembranous
MLC-PP and decreased TER. The expression of MLCT#4*S1PA aholished
thrombin-induced MLC phosphorylation and actin fiber formation, and
a decrease in TER. MLC™* or MLCS"* abolished MLC-PP, but had
modest effect on TER. Conclusions: MLC-PP and actin fiber formation
in the submembranous region play a critical role in thrombin-induced
barrier disruption. MLC-P is sufficient for barrier disruption. Inhibition
of MLC-PP is required for barrier protection. No COL
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Cardiovascular function of marine mussels monitored
by MRI

Seo, Yoshiteru'; Seo, Eriko?; Imaizumi-Ohashi, Yoshie';

Onhishi, Kazue®; Maruyama, Tadashi®; Murakami, Masataka*('Dept of
Regul Physiol, Dokkyo Med Univ Schl of Med, Tochigi, Japan, *Div of Marine Life
Sci, AORI, Univ of Tokyo, Kashiwa, Japan, *Inst of Biogeosci, JAMSTEC, Yokosuka,
Japan, *Natl Inst for Physiol Sci, Okazaki, Japan)

In addition to NO, H,S and CO are nominated as EDRF. However,
toxicity of H,S and CO make difficult to analyse their effects. Creatures
in the deep sea, such as Bathymodiolus japonicus, live in a high H,S
environment. Therefore, these mussels must be useful for testing effects
of H,S on cardiovascular function. Mytilus galloprovincials were used
for set up MRI experiments for analysing cardiovascular function. The
heart rate could be measured using the motion ghost of the anterior
artery or the branchial vessels (1.1 Hz, 23°C). Cardiac cycle was imaged
by retrospectively self-gated fast low angle shot sequence. The end-di-
astolic, end-systolic and stroke volumes were 50%, 21% and 29% of the
heart volume, respectively. Flow of haemolymph in the heart and
vessels were measured by phase-contrast MRI. The haemolymph re-
turns to the auricle via the anterior oblique vein, and passed through
the auriculo-ventricular valve. The streams from the right and left
valves may merge together at the posterior end of the ventricle, then
they are skewed towards the anterior direction by the inner curvature
of the ventricle, and flow in the ventral side of the ventricle to the
anterior aorta. These vortices in the haemolymph stream may account
for the high ejection fraction (58%) of the heart, even with a single
outlet. Now, we step forward to analyse the cardiovascular function
of Bathymodiolus japonicus. No COL

How cardiac system evolved in multicellular organ-
isms

Shimizu, Hiroshi(Dept. of Developmental Genetics, National Institute of
Genetics)

How cardiac system evolved in multicellular organisms Hiroshi Shimizu
National Institute of GeneticsCardiac system plays a role in circulation
of blood through vascular system and transport of nutrients and waste
materials. Nkx-2.5 orthologues are expressed in the cardiac mesoderm
of animals that have heart. Interestingly, however, this gene is found
also in primitive animals that have no heart. The tissue that express-
es Nkx-2.5 orthologues shows various kinds of pumping movement. In
nematodes, it is expressed in the pharynx. In hydra, a member of class
hydrozoa of phylum cnidaria, it is expressed in the peduncle of the
animal. Since the pumping plays a role in circulation of gastric fluid in
hydra, we previously proposed that the cardiac function appeared even
in the most primitive animal phylum. However, a problem remained
unsolved. Since hydrozoa is the latest class of Cnidaria, it remained
unclear how the situation is in primitive class Anthozoa that includes
sea anemone and corals. To solve this problem, we extended our be-
havioral analysis to two members of Anthozoa, first sessile sea anem-
one (Actiniaria) and second burrowing sea anemone (Nematostella
vectensis). We found that in Anthozoa the pumping movement of
Nkx-2.5 orthologue expressing tissue plays a role as the generator of
hydropressure. We also obtained information that in spiders the heart
pumping plays two roles, first as the organ for circulatory function
and second as the generator of hydropressure. From this information,
we propose a scenario that Nkx-25 related pumping started as the
pressure generator and gradually developed circulatory function with
evolution. No COL

Age-related effects of dexmedetomidine, an alpha-2
agonist, on coronary vasoactivity and cardiac function
in guinea-pig hearts

Hongo, Maiko'; Fujisawa, Susumu’; Adachi, Takeshi;

Shinbo, Tomonori'; Shibata, Shigehiro?;, Ohba, Takayoshi';

Ono, Kyoichi'(Cell Physiology, Akita Univ. Akita, Japan, Department of Critical
Care Medicine, Iwate Medical Univ. Iwate, Japan)

Dexmedetomidine is a potent and selective a2 agonist. It has been
reported that, although the substance does not appear to have any
direct effects on the myocardial contractility, it sometimes causes a
decrease in heart rate and a dose-dependent decrease in arterial blood
pressure. We hypothesized that effects of dexmedetomidine may differ
depending on postnatal ages. Hearts from young (<3 wk) and adult
(>6 wk) guinea-pigs were isolated and mounted on a Langendorff ap-
paratus, and a saline-filled balloon was inserted into the left ventricle.
Coronary perfusion pressure (CPP) and the left ventricular pressure
(LVP) were continuously monitored and the electro-field stimulation
(EFS) was applied to stimulate sympathetic nerve terminals. Dexme-
detomidine almost completely inhibited the increase of LVP induced
by EFS in both young and adult hearts. On the other hand, the effect
on the coronary artery resistance to dexmedetomidine altered during
postnatal development. Dexmedetomidine decreased CPP at all con-
centrations in young hearts, whereas it increased CPP at concentrations
> 10 nM in adult hearts. The increase in CPP in adult hearts was in-
hibited by prazosin, an al antagonist. The present findings suggest
that al adrenoceptor is involved in the increase in CPP in adult hearts
in addition to a2 adrenoceptor. Aging-associated alteration of a adre-
noceptor subtypes might be linked to cardiodepressant effects of
dexmedetomidine. No COL

Lactate impaired excitation-contraction coupling in
the atrial myocardium

Shimura, Daisuke'; Kusakari, Yoichiro?; Goda, Nobuhito';
Minamisawa, Susumu?@(' Department of Life Science and Medical Bioscience,

Waseda University, Tokyo, Japan, *Department of Cell Physiology, Jikei University
School of Medicine, Tokyo, Japan)

Background>The effect of the change in metabolic status on exci-
tation-contraction (EC) coupling in the atrial myocardium is poorly
understood. Although the myocardium mostly utilizes fatty acid as an
energy source, we have reported that metabolic substrate (eq lactate)
can be used for energy production and that the metabolomic profile
is different between the atria and the ventricles. Therefore, we aimed
to investigate the effect of lactate exposure on EC coupling in the
atrial myocardium. <Methods>We micro-injected aequorin into super-
ficial cells of the left atrium isolated from mice (C57/BL6, 15 ~ 17 weeks
of age), and simultaneously measured intracellular Ca** concentration
and tension (1 Hz at 36°C). We added lactate (~10 mM) into HEPES-Ty-
rode solution (pH was adjusted at 7.4). Results and Conclusion>Lactate
at a concentration of 10 mM significantly decreased peak tension
(61.7+6.0%, n=3. p < 0.05) and peak Ca** concentration (78.8+4.8%, n=3.
p < 0.05). Since previous studies reported that lactate decreases peak
tension, but not peak Ca*" concentration in the ventricular myocytes,
our results suggested that the atrium has different characteristic of
EC coupling from the ventricles in response to an increase in lactate,
of which condition is often observed in myocardial ischemia. Simulta-
neous measurement of tension and intracellular Ca** concentration in
the atrial myocardium can be useful analysis of the atrial physiological
property. No COL
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DNA microarray profiling identified cardiac fibrosis-re-
lated genes following pressure overloaded hypertro-

phy

Kusakari, Yoichiro'; Uesugi, Ken'; Nakai, Gaku';

Shimura, Daisuke'; Urashima, Takashi?; Kurihara, Satoshi';
Minamisawa, Susumu' ('Department of Cell Physiology, The Jikei University
School of Medicine, Tokyo, Japan, *Department of Pediatrics, The Jikei University
School of Medicine, Tokyo, Japan)

It is important to identify a molecular inducer of fibrosis as a thera-
peutic target for heart failure. A rat model of cardiac hypertrophy and
fibrosis was generated by pulmonary artery banding (PAB). Histolog-
ical analyses with Masson Trichrome stain on short axis section of
right ventricular papillary muscles identified that they could be clear-
ly divided into the interstitial fibrosis group (PABF+) and the non-fi-
brotic, but hypertrophic group (PABF-), in comparison with the sh-
am-operated control (Sham). Tension in PABF+ was significantly
smaller than that in Sham and PABF-. We comprehensively analyzed
the mRNA expression of 29215 known rat genes in the right ventricle
by using GeneChip Rat Gene 1.0 ST Array (Affymetrix) to compare a
gene expression profile among Sham, PABF-, and PABF+ (n=3 each).
We found that the expression levels of some genes that have not been
recognized as a fibrosis-related molecule were significantly higher in
PABF+ than those in Sham and PABF-. Among them, we confirmed
that fibroblast growth factor 23 (FGF23) [Sham; 1.0+0.4, PABF-; 0.7=0.3,
PABF+; 85+2.0] and neural adhesion molecule 1 (NCAM]1) [Sham;
1.0+0.1, PABF- 1.7+0.7, PABF+; 185+29] in PABF+ were significant-
ly higher than those in Sham and PABF- by RT-PCR (n=6 each). These
data suggest that FGF23 and NCAMI are critical molecular inducers
of cardiac fibrosis following pressure overloaded hypertrophy. No COL

Heart rate response to electrical muscle stimulation in
the ovariectomized rats

Shimoju, Rie'?; Sadakiyo, Kaori; Maruyama, Hitoshiz;

Kurosawa, Mieko'3('Center Med. Sci., Intl. Univ. Health & Welfare, Otawara,

Japan, *Dept. Physical Ther., Intl. Univ. Health & Welfare, Otawara, Japan, *Dept.
Pharm. Sci., Intl. Univ. Health & Welfare, Otawara, Japan)

Our previous study has shown that the pressor responses to electrical
stimulation of the muscle are enhanced in ovariectomized (OVX) rats,
and that acute administration of 17beta-estradiol relieves the respons-
es. The present study aimed to investigate whether heart rate respons-
es to the same muscle stimulation are also augmented in the OVX
rats, and whether acute administration of 17beta-estradiol influences
the responses. Experiments were performed in urethane anesthetized,
artificially ventilated rats. Heart rate was measured with a pulse rate
tachometer, which was triggered by systolic blood pressure waves.
Electrical muscle stimulation was delivered to the hindlimb muscle for
30 s at a frequency of 80 Hz with an intensity of 1.5 mA. 17beta-estra-
diol was administered intravenously and the effect was examined for
135 min after the onset of the administration. Responses of heart rate
were augmented in the OVX rats, compared with the sham-operated
rats. Furthermore, 17beta-estradiol significantly reduced the respons-
es of heart rate between 45-135 min after the onset of administration.
The present results demonstrate that the responses of heart rate to
electrical muscle stimulation were exaggerated in the OVX rats and
the responses can be relieved by the acute treatment with 17beta-es-
tradiol. No COL

Evidence for cholinergic vasodilatation in skeletal
muscle during exercise in humans

Matsukawa, Kaniji'; Ishii, Kei'; Liang, Nan'; Endo, Kana',

Idesako, Mitsuhiro'; Hamada, Hironobu?; Kataoka, Tsuyoshi®;
Watanabe, Taes3('Department of Integrative Physiology, Graduate School of
Biomedical and Health Sciences, Hiroshima University, Japan, *Department of
Physical Analysis and Therapeutic Sciences, Graduate School of Biomedical and
Health Sciences, Hiroshima University, Japan, *Department of Health Care for
Adults, Graduate School of Biomedical and Health Sciences, Hiroshima University,
Japan)

To test the hypothesis that central command evokes sympathetic
cholinergic vasodilatation in skeletal muscle during exercise, we have
attempted 1) to examine whether blood flows in contracting and
non-contracting arm muscles increase at the early period of one-armed
cranking, 2) to examine whether blood flows in the bilateral muscles
increase during mental imagery of the one-armed cranking, and 3) to
identify whether atropine blunts the increased flow responses. Ten
subjects performed voluntary one-armed cranking (at 20-35% of max-
imal voluntary effort) and mental imagery of the exercise for 1 min.
The relative concentrations of oxygenated- hemoglobin (Oxy-Hb) in
bilateral biceps brachii muscles were measured as an index of muscle
tissue blood flow with near-infrared spectroscopy. Both one-armed
cranking with the right arm and mental imagery of the exercise pro-
duced substantial increases in the Oxy-Hb of the bilateral muscles,
which were blunted by atropine (10ug/kg iv). The present findings
suggest that central command evokes cholinergic vasodilatation equal-
ly in both contracting and non-contracting arm muscles during exercise.
No COL
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Modeling of the neocortical layer 5 pyramidal cell to
predict the mechanisms of the slow oscillation

Narita, Shinya; Kojima, Haruki; Mushiake, Hajime;

Homma, Noriyasu; Osanai, Makoto(Tohoku Univ. Grad. Sch. Med., Sendai,
Japan)

The slow oscillations of electroencephalogram (EEG) or the local field
potential (LFP) were frequently observed during slow-wave sleep. It
is thought that the synchronous membrane potential fluctuation be-
tween UP- and DOWN-state in the pyramidal neurons generates the
slow oscillations of EEG or LFP. Recent studies showed that slow-wave
sleep might be related to memory consolidation. Therefore, the attempt
to reveal the mechanisms of the slow oscillation should help to elucidate
the memory formation. There are hypotheses that slow oscillation is
shaped by Ca?" dependent K* channel, and that recurrent excitation
regulated by inhibitory networks. However, the detailed mechanisms
remain unclear. It is difficult to clarify the mechanisms involved in the
slow oscillation only by electrophysiological experiments. Thus, we
conducted the computer simulation study to propose the mechanisms
of the slow oscillation, using NEURON simulator. For this aim, we
developed the model cell. The following ion channel models were
created and incorporated to the model cell; voltage dependent Na*
channels, voltage dependent K* channels, voltage activated Ca*" chan-
nels, Ca?* dependent K* channels, HCN channel, existing in the pyra-
midal cells at cortical layer 5. We also created and incorporated the
mechanisms related to the Ca** dynamics. Using this model cell, we
reproduced the currents of the ion channels and the firing properties
of the real pyramidal cell. We will discuss the mechanisms concerning
the slow oscillation with this model cell. No COL

Relationship between membrane properties and func-
tional differentiation of neurons in the area postrema.

Funahashi, Makoto; Sugeta, Shingo; Harima, Miki(Department of Oral
Physiology, Graduate School of Dental Medicine, Hokkaido University, Japan)

The area postrema is one of the circumventricular organs that lack a
blood-brain barrier. Previously we reported two major cell types
classified on the basis of presence or absence of displaying the hyper-
polarization-activated cation current (Ih). A correspondence of each
type of cells to the physiological functions, such as the regulation of
food intake and triggering of nausea and/or emesis, still have remained
to be unexplained. To determine the functions of each type of cells,
we performed the study using a patch-clamp method in the brain
slices and a behavioral analysis of nausea. The responses to cholecys-
tokinin (CCK-8) and amylin, which is well know as a satiety hormone,
were recorded from the electrophysiologically-identified each type of
neurons. We also investigated the effects of ZD7288, a selective Th
blocker, on the acquisition of conditioned taste aversion (CTA), in order
to evaluate the changes in the excitability of cells expressing Th on the
induction of nausea and/or emesis. All cells responded to amylin and
the majority of cells responded to CCK-8 were found in cells not ex-
pressing Ih. The acquisition of CTA was significantly suppressed by
the ip. injection of ZD7288, indicating the suppression of apomor-
phine-induced nausea and/or emesis. These findings indicate that cells
not expressing Th play a role for the regulation of food intake, while
cells expressing Ih for the induction of nausea and/or emesis. We
suggest the functional differentiation of each type of neurons. No COL

Optogenetic activation of parabrachio-amygdaloid
pathway in the nociceptive amygdala

Sugimura, Yae Kaito; Takahashi, Yukari; Watabe, Ayako M; Kato,
Fusao(Department of Neuroscience, Jikei University School of Medicine)

A large majority of neurons in the superficial layer of the dorsal horn
project to the lateral parabrachial nucleus (LPB) rather than to the
thalamus. The LPB neurons then project to the capsular part of the
central amygdala (CeC). This non-thalamocortical pathway plays piv-
otal role in the nociception-emotion link. The LPB-CeC transmission is
potentiated in various pain models, as evidenced by electrical stimu-
lation of the afferent fibers in the amygdala slices. However, due to
the technical limitations, it has been unclear whether EPSCs recorded
in slices resulted from monosynaptic direct glutamatergic connections
arising from the LPB and not from glutamatergic fibers of non-LPB
origin. To address this issue, we expressed channelrhodopsin (ChR2)
in the LPB neurons and triggered glutamate release from their axon
terminals in the CeC in coronal amygdala slices from adult rats. 5-6
weeks after the transfection of virus vectors for synapsin-driven
ChR2(H134R)-YFP expression, blue light pulses (1-5 ms) robustly
triggered EPSCs that were abolished by CNQX and TTX. This EPSC
was followed by large and long-lasting IPSCs, which were abolished
by picrotoxin or CNQX, suggesting a feed forward regulation of CeC
neuron excitability by LPB. Moreover, all types of CeC neurons as
classified by their firing patterns exhibited monosynaptic excitatory
responses to light stimulation. These results suggest that nociceptive
inputs from LPB affect the excitability of the central amygdala network
by modulating a large population of CeC neurons. No COL

Modulation of fear memory by dietary polyunsaturated
fatty acids via cannabinoid receptors
Yamada, Daisuke'3; Takeo, Jiro?;, Wada, Keiji'3;
Sekiguchi, Masayuki'3('Dept Degenerat Neurol Dis, Natl Inst Neurosci, Natl

Cent Neurol and Psychiat, *Fund Health Res, Cntl Inst, Nippon Suisan, °]ST,
CREST)

Though the underlying mechanism remains unknown, several studies
have suggested benefits of n-3 long-chain polyunsaturated fatty acid
(PUFA) for patients with anxiety disorders. Elevated fear is thought
to contribute to the pathogenesis of particular anxiety disorders.
However, there are no studies on the effects of dietary PUFA on
conditioned fear memory in experimental animals. The aim of this
study was to evaluate whether the dietary w3 to w6 PUFA (3/6) ratio
influences fear memory. For this purpose, the effects of various dietary
3/6 ratios on fear memory were examined in mice using contextual
fear conditioning, and the effects of these diets on central synaptic
transmission were examined to elucidate the mechanism of action of
PUFA. We found that fear memory correlated negatively with dietary
and brain 3/6 ratios in mice. The low fear memory in mice fed a high
3/6 ratio diet was increased by the cannabinoid CB1 receptor antag-
onist, reaching a level seen in mice fed a low 3/6 ratio diet. CBI recep-
tor-mediated synaptic plasticity was facilitated in pyramidal neurons
of the basolateral nucleus of the amygdala (BLA) in mice fed a high
3/6 ratio diet. The agonist-sensitivity of CB1 receptor was enhanced
in the BLA of mice fed a high 3/6 ratio diet, and similar enhancement
was induced by pharmacological expulsion of cholesterol from mem-
brane in mice fed a low 3/6 ratio diet. These results suggest that the
ratio of w3 to w6 PUFA is a factor regulating fear memory via can-
nabinoid CB1 receptors. No COL
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Contextual memory encoding but not retrieval gener-
ates wide diversity of post-synaptic current in hippo-
campal CA1 neurons.

Sakimoto, Yuya; Mitsushima, Dai(Graduate School of Medicine, Yamaguchi
University, Yamaguchi, Japan)

The hippocampus plays a central role in contextual learning and
memory. Since the learning strengthens both excitatory and inhibito-
ry CAI synapses, each CAl neuron shows high diversity of post-syn-
aptic currents (Mitsushima et al, Nature Commun, in press). In the
present study, to examine whether encoding or retrieval of memory
strengthens the CA1l synapses, we analyzed miniature excitatory and
inhibitory post-synaptic currents (mEPSC and mIPSC) in IA-trained
rats before or after the memory retention test. As a learning model,
we employed inhibitory avoidance (IA) task, and acute brain slices
were prepared for patch clamp analysis. Untrained rats showed rela-
tively small mEPSC and mIPSC amplitudes with low diversity of
post-synaptic currents. Conversely, both IA-trained rats before and
after memory retention test showed higher the amplitudes with wide
diversity, suggesting that memory encoding rather than retrieval
enhances the amplitudes to generate diversity. Moreover, bath treat-
ment of CNQX (an AMPA receptor antagonist, 10 uM) consistently
blocked the mEPSC responses. In contrast, bath treatment of bicucul-
line methiodide (a GABA, receptor antagonist, 10 uM) consistently
blocked the mIPSC responses. These results suggest that contextual
memory encoding rather than retrieval drives synaptic delivery of
AMPA receptors and GABA , receptors in CA1l neurons. The electro-
physiological diversity in each CA1 neuron might encode experienced
context in rat hippocampus. No COL

Activity-dependent repression of spontaneous inhibi-
tory synaptic current in rat hippocampus

Taketo, Megumi; Matsuda, Hiroko(Dept. Physiol. !, Facult. Med., Univ.
Kansai medical, Osaka, Japan)

GABA, receptor-mediated inhibitory postsynaptic currents (IPSCs)
modify excitatory synaptic transmission through modulation of activ-
ity of principal neurons. Comparing with the plasticity of excitatory
synapses, the inhibitory synaptic changes have not been well charac-
terized. Alteration in efficacy of GABA ,ergic transmission after post-
synaptic depolarization has been reported by several investigators,
but both facilitation and inhibition were observed, and mechanisms of
the plasticity have not been elucidated. In the present experiments,
effect of the repetitive postsynaptic depolarization on spontaneous
IPSCs was determined in acute slices of rat hippocampus. Whole cell
patch-clamp recording was performed to record GABA ,ergic IPSCs
from neonatal CA3 neurons. Repetitive depolarization of postsynaptic
neurons alone did not cause marked alteration of the spontaneous
IPSCs. Effect of simultaneous activation of presynaptic and postsyn-
aptic neurons on the IPSCs was then determined. Activation of pre-
synaptic neurons induced transient facilitation of the sIPSCs, but
succeeding repetitive postsynaptic depolarization transiently reduced
the frequency of the sIPSCs. Though application of a metabotropic
glutamate receptor agonist could not replace the presynaptic activation,
the IPSC inhibition caused by the sequential pre- and post-synaptic
stimulation was suppressed by specific antagonists of the metabotropic
glutamate receptors. These results suggest that postsynaptic depo-
larization and facilitation of synaptical release of glutamate transient-
ly inhibit the sIPSCs. No COL

Inhibitory effects of 5-HT at excitatory synapses in the
dentate granule cells.

Nozaki, Kanako; Kubo, Reika; Furukawa, Yasuo(Grad. Sch. Integrated
Arts and Sci., Hiroshima Univ., Hiroshima, Japan)

The dentate gyrus is a gateway for neuronal transmission in the
hippocampal formation. Granule cells are primary neurons in the
dentate gyrus, and receive excitatory inputs mainly from the entorhi-
nal cortex via perforant-path. Serotonergic fibers from the raphe nuclei
distribute into the hippocampus, and previous studies show that 5-HT
modulates the activity of GABAergic interneurons in the dentate
gyrus, and thereby, affects the excitatory transmission between the
perforant-path and granule cells. A possible direct modulation of the
excitatory synapses is, however, not well examined.In the present
study, we examined actions of 5-HT on the excitatory synapses in
granule cells under the condition in which GABAergic inputs were
blocked by picrotoxin. 5-HT (1 uM) decreased the input resistance (IR)
of granule cells around 50 % and fastened the decay of EPSP evoked
by stimulation of the perforant-path. Computer simulation showed that
such reduction of IR decreases EPSPs around 30 % at most. We, how-
ever, observed more than 50 % reduction of EPSPs in some prepara-
tions. Moreover, synaptic transmission failure was often increased by
5-HT, suggesting that 5-HT reduces release probability of the synaps-
es. All of these effects were blocked by a 5-HT1A receptor antagonist,
WAY100635. Mossy cells in the hilus of hippocampus also make excit-
atory connections to the granule cells. However, EPSPs evoked by
selective stimulation of mossy cell axons were not decreased by 5-HT.
These results suggest that 5-HT induces pathway-specific modulation
of excitatory inputs to the dentate granule cells. No COL

Pairs of stimuli modulate synaptic plasticity in hippo-
campal CA1 area

Ueda, Rika; Nakashima, Toshihiro(Department of Applied Biology, Kyoto
Institute of Technology, Kyoto, Japan)

The hippocampus plays a key role in memory. Hippocampal CA1
neurons receive inputs via a trisynaptic pathway. Entorhinal cortex
sends the information to the dentate gyrus (DG) via the peforant
pathway (PP). The DG transmits the information to area CA3 via the
mossy fibers. CA3 subsequently sends processed information to stra-
tum radiatum (SR) in area CA1 via Schaffer collateral (SC) pathway.
CAL1 also has direct excitatory connections with entorhinal cortex via
the PP. These direct inputs synapse on distal pyramidal neuron den-
drites in stratum lacunosum moleculare (SLM). The function of the
direct PP inputs is not well understood, although recent research in-
dicates that these inputs have important effects on CAl pyramidal
cells. The trisynaptic path has a longer delay time so that information
arising from entorhinal cortex arrives at SLM 10-20 ms prior to the
arrival of information at SR in CAl. In this study, the effects of inter-
actions between PP and SC inputs on field EPSP (fEPSP) in CA1l area
in brain slice preparation of rat are investigated. We recorded popu-
lation spike amplitude (PSA) in CA1 pyramidal cell and slope of fEPSP
at SR in CAl. The results indicate that synaptic plasticity is modulat-
ed by different pairing intervals. In addition to this, the property of
synaptic plasticity is different between PSA and fEPSP when the same
stimuli were applied. No COL

The 91st Annual Meeting of the PS], March 16 — 18, 2014, Kagoshima S137



Developmental changes in localization of the presyn-
aptic cell-adhesion molecule neurexin-18 during hip-
pocampal inhibitory synapse formation

Hanafusa, Manami; Sadamoto, Hisayo; Kuriu, Toshihiko;

Konishi, shiro(Dept. Neurophysiol., Kagawa Sch. Pharm. Sci., Tokushima Bunri
Univ., Sanuki, Japan)

Synapse organizing molecules, neurexins (NXNs) and neuroligins, are
implicated in synapse formation, maturation and maintenance. It is
unclear, however, how inhibitory synapses are formed and modified
during development and synaptic plasticity. Thus, we first devised a
molecular probe for visualizing inhibitory synaptic contact sites. For
this purpose, we constructed a cDNA for NXN-1/ of which C-terminal
was tagged with mCherry (NXN-14-mCherry). When transfected into
hippocampal neurons under dissociated culture, NXN-15-mCherry was
specifically accumulated in axon varicosities and co-localized with
endogenous NXN-14. Therefore, NXN-14-mCherry could be selective-
ly transported to synaptic sites and serve as a reliable probe for visu-
alizing the inhibitory presynaptic site under living conditions. We then
examined developmental changes in NXN-14 localization at axon
terminals. The use of VGAT-Venus mice allowed us to easily identify
axon terminals of hippocampal inhibitory interneurons under culture.
At an early culture stage (10 DIV), discernible clusters of NXN-14-
mCherry were not present in varicosities of Venus-positive inhibitory
axons, whereas NXN-15-mCherry clusters could be detected at later
culture stages (17 and 24 DIV). Thus, the observations show that NXN-
15 begins to accumulate in presynaptic varicosities after inhibitory
synapse formation, and suggest that this presynaptic cell-adhesion
molecule plays a role in maturation and maintenance of inhibitory
synapses. No COL

Suppression of GABAergic depolarization of hippo-
campal mossy fibers by bumetanide

Ooura, Shunsuke; Kamiya, Haruyuki(Department of Neurobiology,
Graduate School of Medicine, Hokkaido University, Japan)

Intracellular chloride concentration in neurons is regulated mainly by
chloride extruding K-Cl cotransporter KCC2 and chloride uptaking
Na-K-Cl cotransporter NKCC1. Activation of presynaptic GABA, re-
ceptors by muscimol depolarizes mossy fibers, possibly due to high
chloride concentration within the terminals and the axons. Here we
examined the effect of bumetanide, a blocker of NKCC1, on musci-
mol-induced enhancement of excitability of mossy fibers. Hippocampal
slices were obtained from C57BL6] mice of 12-17 days old. Antidrom-
ic population spikes (ASs) were elicited by stimulation at the stratum
lucidum in the CA3 region, and were recorded from the granule cell
layer of the dentate gyrus. Application of GABA, receptor agonist
muscimol (1 uM) increased the amplitude of ASs (to 123 * 6.7 % of
control, n = 7), possibly due to recruitment of subthreshold fibers by
depolarization of mossy fibers. Bumetanide at 10 uM reduced the effect
of musimol on ASs (to 106 = 2.7 % of control, n = 7; P < 0.05). We also
used a focal perfusion system to the stimulation site to localize drug
application. Again, 1 uM muscimol increased ASs (to 129 + 6.6 % of
control, n = 6) and 10 uM bumetanide suppressed the effect of musci-
mol (to 116 £ 6.7 % of control, n = 6; P < 0.05). These results showed
that bumetanide-sensitive transporter NKCCI is expressed at the
mossy fiber terminals and axons, and is contributed, at least partly, to
higher intracellular chloride concentrations in the presynaptic com-
partments. No COL

The effects of propofol on inhibitory postsynaptic cur-
rents evoked with paired-pulse stimulation in CA1 py-
ramidal cells and dentate gyrus granule cells of rat
hippocampal slices

Ishiguro, Masanori'; Kobayashi, Suguru?;

Nagamine, Takashi' ('Systems Neuroscience, School of Medical, Sapporo

Medical University, Sapporo, Japan, *Tokushima Bunri University, Faculty of
Pharmaceutical Sciences)

We have reported that propofol, one of the most popular intravenous
anesthetic agents, effects in GABA-mediated inhibitory synaptic trans-
mission differently in CA1 pyramidal cells (CA1-PC) and dentate gyrus
granule cells (DG-GC). Propofol has increased the amplitudes and
prolonged the time constant of IPSC only in CA1-PC but not DG-GC.
In this study, we examined the effects of propofol, on the inhibitory
postsynaptic currents (IPSC) evoked with paired-pulse stimulation in
CA1-PC and DG-GC in rat hippocampal slices.

The monosynaptic IPSC were evoked by electrical stimulation at the
400 msec interstimulus interval every 20 sec of GABAergic interneu-
rons and recorded from CA1-PC and DG-GC by whole cell patch-clamp
technique. The effects of specific concentrations of 10uM propofol on
the IPSC in CA1-PC and DG-GC were examined at -100 mV membrane
potentials.We recorded 50 individual traces in each cell and paired
pulse ratio (PPR) of individual traces was calculated by dividing the
amplitude of the second response (A2) by the first (A1), the mean (A2/
Al). Propofol was observed to significantly increase the PPR in CA1-PC
but not in DG-GC. The data was also analyzed with the mean A2/
mean Al in each cell. The mean A2/mean Al was also increased in
CAI1-PC but not in DG-GC. The data suggests that propofol may change
GABA-mediated inhibitory synaptic transmission presynaptically in
only CA1-PC. No COL

Decreased expression of syntaxin 1A after experi-
mental febrile seizure in mice hippocampal CA1 area
Kaneko, Kentaro; Kato, Eiko; Fukushima, Teruyuki;

Maekawa, Masao; Hori, Yuuichi(Dokkyo Med Univ, Sch of Med, Dept of
Physiol & Biol Inf, Japan)

Febrile seizures (FS) are the most common types of convulsions in
infants and young children. However, it is not clear whether FS result
in long-term sequences such as temporal lobe epilepsy (TLE). The
hippocampus of TLE patients is characterized by mossy fiber sprout-
ing, which is also induced by the experimental FS. The experimental
FS elicited that the pup (postnatal days 14-15) exposed to a regulated
heated air stream coming from a hair dryer placed 50 cm above them.
In addition, mossy fiber sprouting is thought to result in neuronal
hyperexcitability. To elucidate pathological mechanisms for mossy
fiber sprouting induced by the FS, we investigated the effects of the
FS on the expression level of syntaxin 1A (STX1A), which is known
to be involved in neurite elongation and sprouting. On postnatal days
14-15, ICR mice were subjected to the FS. After the FS, we isolated
mRNA from the hippocampal CAl area and performed real-time RT-
PCR analysis. The expression level of STX1A decreased 8h, 24h, and
3w after the FS. It is suggested that the FS-induced decrease in ex-
pression level of STX1A might have a causal relation to an increase
in mossy fiber sprouting observed in TLE. We are now investigating
whether the experimental FS leads to an enhanced mossy fiber sprout-
ing in the hippocampus by means of Timm staining methods. No COL
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The critical time window for dopamine actions on the
dendritic spines of nucleus accumbens.

Yagishita, Sho; Hayashi, Akiko Takagi; Watanabe, Satoshi;

Kasai, Haruo(Department of Structural Physiology, Center for Disease Biology
and Integrative Medicine, Graduate School of Medicine, The University of Tokyo,
Japan)

In behaving animals, effective reinforcement occurs only when rewards
come after an event within a few second. A phasic activity of dopamine
neurons may work as a positive reinforcer, enabling animals to learn
the event from its consequence. It has, however, not been clarified
whether dopamine actions on neuronal circuits are selective to the
critical time window for the reinforcement. In order to examine the
temporal characteristics of dopamine actions on neuronal circuits, we
investigated the excitatory synapses on dendritic spines of medium
spiny neurons (MSNs) in nucleus accumbens, a center of positive
emotion receiving dense dopaminergic innervations. We induced spine
enlargement by two-photon uncaging of caged glutamates paired with
action potentials in D1 MSNs of acute slice from young adult mice, in
combination with optogenetic stimulation of dopaminergic fibers from
ventral tegmental area. We found that dopamine greatly potentiated
the enlargement of spines shortly (within 1.5 s) after glutamate uncag-
ing, whereas stimulation of dopamine fibers either before or 5 seconds
after glutamate uncaging did not. Our results also suggested that the
critical time window for dopamine actions was shaped by Ca*-depen-
dent activation of adenylate cyclase I and efficient degradation of cAMP
by phosphodiesterase 10A in thin dendrites of MSNs. Thus, the spine
structural plasticity of MSNs can be responsible for the critical time
window for reward actions of dopamine. No COI.

Spatiotemporal analysis of firing prolongation in the
corticostriatal network

Ohta, Hiroyuki'; Morimoto, Yujiz, Tamura, Risa'; Sato, Yoshiakis;
Nishida, Yasuhiro'('Department of Physiology, National Defense Medical
College, Saitama, Japan, *Department of Integrative Physiology and Bio-Nano
Medicine, National Defense Medical College, Saitama, Japan, *Teikyo Heisei
University, Tokyo, Japan)

We found that striatal neurons have a time integrative property,
showing prolonged firings after repetitive cortical optogenetic stimu-
lation and its residual effect after stimulation intermission. In addition
to the time properties of the prolongation, we measured spatial prop-
erties of the prolonged firings in the corticostriatal slice by using a
newly developed optogenetic mapping lighting system with Digital
Micromirror Device (DMD) which can accurately control both the
lighting pattern and timing. We employed the acute slice of the Wistar
Thy-1.2 promoter ChannelRhodopsin-2 Venus Rat. Striatal neuronal
firings were recorded by a tetrode with photostimulation of the cortex
and the corpus callosum. Striatal neurons that responded to repetitive
photostimulations with 5 seconds interval showed residual firings for
a few seconds after the end of the 1 sec-long photostimulation. After
5 times repetitive photostimulations, responses to the other area of
photostimulation were increased or decreased. That is, repetitive
photostimulations had a significant effect on the subject neuron’s
“receptive field"—groupings of corticostriatal input fibers. For each
striatal neuron the field either shrank or expanded. No COL

What does chronic methamphetamine treatment alter
the activity of the medium spiny neurons in the stria-
tum?

Inoue, Ritsuko; Miura, Masami(Neurophysiology, Tokyo Metropolitan Inst.
of Gerontology, Tokyo, Japan)

The striatum is a major nucleus of the basal ganglia, and divided into
two compartments, the striosomes and the matrix. These compart-
ments are distinguishable by time of neurogenesis, cytochemical mark-
ers, and input-output circuits. Recent studies suggest that imbalances
between striosome and matrix functions might contribute to basal
ganglia-related disorders. Stereotypy is a pattern of behavior abnor-
malities, which can be induced by chronic methamphetamine (METH)
treatment. In this study, we examined whether the effects of chronic
METH treatment on the physiological activity of striatal neurons
differ between each of the striatal compartments. To visually identify
the striosomes, we used a TH-GFP transgenic mouse strain expressing
GFP in a compartment-specific manner. METH (5 mg/kg) or saline
was injected intraperitoneally twice daily for 5 consecutive days.
Gradually, enhanced stereotyped behaviors were induced by the METH
treatment. We measured stereotypy scores after the injection in the
morning. After withdrawal of 2-7 days, each mouse received a chal-
lenge with METH or saline, and then we compared c-Fos expression
between in the striatal compartments. We also made whole-cell record-
ings from medium spiny neurons in slice preparation taken from the
mice treated with METH or saline. Miniature excitatory and inhibito-
ry postsynaptic currents were compared to explore the imbalanced
activity of the striatal compartments. These studies would help explain
the roles of the cooperation in striosome- and matrix-based basal
ganglia circuits. No COL

Serotonin-induced inhibition of glutamatergic trans-
mission onto rat basal forebrain cholinergic neurons
Momiyama, Toshihiko'; Nishijo, Takuma'-2('Department of Pharmacology,

Jikei University School of Medicine, Department of Pharmacology, Keio University
School of Pharmacy)

Whole-cell patch-clamp study was carried out to elucidate modulatory
roles of serotonin in the excitatory transmission onto cholinergic neu-
rons in the basal forebrain (BF) of the rat. BF cholinergic neurons were
identified with staining by Cy3-192-IgG. EPSCs were evoked under the
condition where GABA ,-, glycine- and NMDA receptor mediated
current components were pharmacologically blocked. Bath application
of serotonin at 10 or 30 uM inhibited the EPSCs by 30-40 %. (R)-(+)-8-
OH-DPAT, a 5-HT,, receptor agonists (30 uM), or CP93129, a 5-HT
receptor agonist also showed inhibitory effects on the evoked EPSCs
to similar extent compared with the effect of serotonin at the same
concentration. These results suggest that serotonin inhibits non-NMDA
glutamatergic transmission onto BF cholinergic neurons via 5HT,,
and 5-HTIB receptors. No COL
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A long term HFS on STN induced LTP of GABAergic
IPSC onto SNr GABA neurons evoked by stimulation
on the internal capsule.

Miyazaki, Takefumi(Dept. of Physiol., Tokyo Med. Univ., Tokyo, Japan)

A high frequency stimulation on the subthalamic nucleus (STN-HFS:
constant current pulse, amplitude; 50-500 pA, frequency; 125 Hz, du-
ration; 100 us for 20 min) was applied in the rat brain slice preparations.
During STN-HFS, the substantia nigra pars reticulata (SNr) GABA
neuron was kept in the current clamp mode. STN-HFS induced a LTP
in the GABAergic IPSC which was evoked by an electrical stimulation
on an internal capsule, including a putative direct pathway, in a half
of neuron tested (9 out of 17 neurons). At 120 minutes after STN-HFS,
the normalized amplitude increased to 1.492 = 0.185 (mean + SE.M.).
Under voltage clamp mode at the holding potential of -70 mV during
STN-HFS, HFS did not induce the LTP of IPSC (n = 5). In the solution
with dopamine receptor antagonists (1 uM SCH23390 and 1 uM Sulpir-
ide), STN-HFS induced LTP in all neurons (n = 8; 2.048 + 0.336). In
the solution with 50 uM AP-5 (NMDA receptor antagonist), STN-HFS
induced LTP only one neuron out of 6. With 10mM BAPTA in the
electrode solution, LTP was induced also only one cell out of 6. A
paired pulse ratios before and 120 min after STN-HFS are not signifi-
cantly different (n = 6, before: 1.581 + 0.126, after: 1.356 = 0.054, p =
0.123) in the neurons LTP induced. These results suggest that the
post-synaptic mechanism induces the IPSC-LTP by STN-HFS in SNr
GABA neurons. On the other hand, the inward synaptic current de-
creased in its amplitude for long term like LTD. This synaptic plas-
ticity might be one reason why the deep brain stimulation has the
beneficial effects on the neuropsychiatric disorders. No COI

Intracellular distribution of AMPA receptors internal-
ized upon LTD in cerebellar Purkinje cell
Yamaguchi, Kazuhiko(Lab. for Genetic Behaviology, BSI, RIKEN)

As for molecular mechanism of long-term depression (LTD) at parallel
fiber - Purkinje cell (PC) synapse, PKC-mediated destabilization of
GluA2 and following endocytic elimination of AMPA receptors from
the synaptic membrane has been proposed as mechanism of LTD.
However, estimated enhancement of destabilization was not sufficient
to explain physiological magnitude of LTD. A data-driven kinetic
model of AMPA receptor trafficking predicted decrease in total recy-
cling pool size of AMPA receptors at LTD. Actually, density of AMPA
receptors in the dendritic spine of cultured rat Purkinje cell was re-
duced at LTD induced by chemical stimulation (High K* and Glu).
However, whether this decrease in AMPA receptor-density in spine
was caused by proteolysis or translocation was not clear. Here, we
examined the effect of epoxomicin, a blocker of proteasome, and found
that it did not affect decrease in AMPA receptor density in spine at
chemical LTD. To confirm translocation of AMPA receptors, surface
expressed GluA2 was tagged by monoclonal antibody, then, LTD-in-
ducing chemical stimulation was applied and cells were fixed and
stained. Surface expressed GluA2 was actually translocated in dendrit-
ic shaft, and its density in spine was very low. These results also
support decrease in AMPA-receptor density in spine was caused by
translocation of them from the spine to the shaft. No COL

Novel form of depolarization-induced synaptic plas-
ticity of GABAergic transmission in the Purkinje cells

Satoh, Hiromasa; Saitow, Fumihito; Suzuki, Hidenori(Department of
Pharmacology, Nippon Medical School, Tokyo, Japan)

It is well known that several forms of depolarization-induced synaptic
plasticity of GABAergic transmission occur in the cerebellar Purkinje
cells (PCs) such as rebound potentiation, depolarization-induced sup-
pression of inhibition and depolarization-induced potentiation of inhi-
bition. In this study, we found another form of depolarization-induced
plasticity of GABAergic transmission in PCs. We performed the whole
cell voltage-clamp recording with low CI pipette solution and record-
ed electrical stimulation evoked IPSC (eIPSC) from young rat cerebel-
lar slices. The direction of eIPSC changed from outward to inward
immediately after PC depolarization. Thereafter, the amplitude of eIPSC
was depressed (Depolarization-induced Depression of Inhibition: DDI)
for more than 20 min. Biophysical and pharmacological studies revealed
that reversal potential of eIPSC was positively shifted by CaMKII-de-
pendent activation of both calcium-activated chloride channels and
cation-chloride cotransporters. These data indicated that DDI is induced
by postsynaptic mechanism. Further, we examined the physiological
roles of DDI at PC synapses in relation to instructive stimulation of
climbing fiber. Approximately 50% of climbing fiber stimulation-induced
depolarization of PC decreased the impact of exogenous GABA-medi-
ated inhibition of spontaneous spike activity. These results suggested
that DDI has a synergic effect of excitatory transmission. This novel
form of DDI may provide another regulatory mechanism of PCs in the
neuronal computation of the cerebellar cortex. No COL

Roles of developmental changes of GABAergic syn-
aptic transmission on rat deep cerebellar nuclei neu-
rons

Saitow, Fumihito; Nagano, Masatoshi; Suzuki, Hidenori(Department
of Pharmacology, Nippon Medical School)

Activity of the deep cerebellar nuclei (DCN) takes an important role
in outputting processed information from the cerebellum. Our previous
studies report that 5-HT shows the inhibitory effect on GABAergic
transmission: presynaptically inhibiting the release of GABA. On the
other hand, 5-HT acts as an excitatory modulator: postsynaptically
eliciting slow inward current. In this study, we examined a develop-
mental changes of both the synaptic properties and modulatory effects
of 5-HT on GABAergic synapses using rat cerebellar slices. At a
younger stage (~ P12), IPSCs had slower kinetics and higher suscep-
tibility to the 5-HT-induced inhibitory action than those at an older
stage (~ P21). On the contrary, the postsynaptic modulatory action
showed no developmental changes. Moreover, we found that the release
probability of GABA was decreased with development (or age). How-
ever, the extent of 5-HT-induced inhibitory action was not associated
with the release probability. As for the developmental change in
postsynaptic synaptic properties, we found that the kinetics of IPSCs
was largely determined by a, subunit expression in postsynaptic
GABAA receptors. In summary, 5-HT released onto DCN may pre- and
postsynaptically play regulatory roles in both the membrane excitabil-
ity and the gain control of inhibitory synapses during development.
Especially, at the younger stage, these modulatory effects of 5-HT
would be important to control the excitability and to form the normal
cerebellar function in the adult. No COL
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Effect of inhibitory input in corticospinal synapse
plasticity
Ohno, Takae'; Isoo, Noriko'; Isowaki, Mutsumi'; Fukuda, Satoshi’;

Mishina, Masayoshi2, Sakurai, Masaki' (‘Dept Physiol, Teikyo Univ Sch
Med, Tokyo, *Dept Mol Neurobiol & Pharmacol, Grad Sch Med, Univ Tokyo)

Neuronal plasticity is generally active only in young age during a short
time window so called critical period (CP), after which is closed, loss
of plasticity limits major remodeling of neuronal circuits and will
never be re-opened throughout life. Molecules that may alter such CNS
plasticity, however, still remains poorly understood. Because GluN2B
(2B) show much longer time course with larger Ca influx than GIuN2A
(2A), developmental shift of 2B to 2A is hypothesized to be essential
for regulating this time window. In this study, using in vitro model of
corticospinal projection system, we tried to identify mechanism that
closes the CP. In order to selectively activate the corticospinal axons,
we infected the cortical slices with AAV-EYFP-tagged Channelrho-
dopsin (ChR2) and stimulated with LED light (465 nm). 2B that is known
to shift to 2A during development declined markedly toward the end
of CP in the spinal cord. In 2A knockout mice, which express 2B in
high level even after the end of the CP, showed extension of the CP.
Partial reduction of inhibitory input by strychnine (0.2 uM), which
markedly enhanced Ca influx through 2B channels, also extended the
CP. Our findings indicate that loss of 2B subunit plays an essential role
in closing the CP and that inhibitory input has an important modula-
tory effect. Furthermore 2B may be the molecule that reactivates the
synaptic plasticity even in more matured stage in this system. No COL

Closure of the critical period in developmental corti-
cospinal plasticity is determined by the decline of
synaptic expression levels of GIuUN2B-NMDA recep-
tors: Biochemical and live imaging study

Isoo, Noriko'; Ohno, Takae'; Isowaki, Mutsumi'; Kameda, Hiroshi’;

Murabe, Naoyuki'; Mishina, Masayoshi?; Sakurai, Masaki' (‘Dept. of

Physiol., Teikyo Univ., Sch. of Med., *Dept. of Mol. Neurobiol. & Pharmacol., Tokyo
Univ., Grad. Sch. of Med.)

It is known that NMDA receptor (NMDAR) subunit composition is
shifted from GluN2B to 2A during development. In vitro mouse mod-
el of corticospinal (CS) projection with functional synapses, CS axons
innervated entire spinal cord at an early developmental stage and then
regressed mostly from ventral side in a GluN2B-dependent manner.
There is critical period (CP, 6-11 DIV) for this activity-dependent
synapse elimination with axonal regression. In this study, to examine
the role of synaptic expression levels of GluN2B (synaptic GluN2B) in
this regression, we employed live imaging of developmental dynamics
of EYFP tagged Channelrhodopsin (ChR) -labeled CS axons. When
axonal regression was blocked by APV application during the CP, and
thereafter APV was removed, the CS axons on the ventral side were
no longer regressed in wild type mice (WT), while those were elimi-
nated in GluNZ2A knockout mice (2AKO). At the end of the CP, synap-
tic GluN2B in 2AKO spinal cords remained higher levels comparable
to those in WT during the CP. Furthermore, even after the CP was
closed, upregulating synaptic GluN2B by proBDNF application induced
the axonal regression in WT. Together with these findings, the closure
of the CP in this developmental plasticity in the form of regression of
CS axonal projection is determined by the decline of the synaptic
GluN2B. No COL

The critical period in corticospinal plasticity was re-
opened by upregulation of GIuN2B: Electrophysiolog-
ical and optical recording study

Isowaki, Mutsumi'; Ohno, Takae'; Isoo, Noriko'; Maeda, Hitoshi';
Fukuda, Satoshi'; Mishina, Masayoshi?; Sakurai, Masaki' (‘Dept

Physiol, Teikyo Univ Sch Med, ?Dept Mol Neurobiol & Pharmacol, Grad Sch Med,
Univ Tokyo)

In in vitro system of corticospinal (CS) projection using slice co-cultures
of mice cerebral cortex and spinal cord (SpC), the CS synapses are
once formed throughout SpC, and then eliminated from ventral side
during early development. This elimination occurs only from 6 to 11
days iz vitro (DIV), which is dependent on NMDA receptor (R) and its
subunit, GluN2B (2B). This term was called critical period (CP) in this
system. Because of developmental shift of NMDAR subunit from 2B
to GIuN2A (2A), it is assumed that decline of 2B may determine the
closing of the CP. We studied mechanisms that close the CP by elec-
trophysiological and optical recordings. CS axons were stimulated at
the deep layer of cerebral cortex. Spatial distribution of CS synapses
was studied by optical recordings of CS-EPSPs (optEPSPs) with volt-
age-sensitive dye. Whole cell recordings were made to measure 2B
component of CS-EPSCs. To see whether the CP is closed or not, we
first applied APV until 11 DIV to block the synapse elimination and
thereafter APV was removed. We found that optEPSPs decreased on
the ventral side in 2A knockout (KO) mice after the end of the CP. 2B
currents in 2AKO at 11 DIV were equivalent WT in early development.
ProBDNF which are known to increase 2B, produced reduction of
optEPSPs on the ventral side after the end of the CP; ie., the CP was
re-opened. These suggest 2B decline is crucially important for closing
the CP in the CS synapse elimination. No COL

Quantitative analysis of postnatal development of
corticospinal axons projecting to the spinal gray mat-
ter (C7) in the mouse

Murabe, Naoyuki; Sakurai, Masaki(Teikyo university school of medicine,
Tokyo, Japan)

Rodent corticospinal (CS) axons postnatally show dynamic changes of
axon and synapse distributions in the spinal cord. This study address-
es postnatal development of CS axons in the spinal gray matter at the
cervical enlargement segment C7, which is involved in control of
forelimb movement. To visualize every CS axon, we used transgenic
mice, referred to as CST-YFP mice, in which the CS axons express
yellow fluorescent protein (YFP). Distribution of the CS axons in the
gray matter at C7 and its change during postnatal development were
investigated with a laser scanning confocal microscope. GFP-immuno-
reactive axons ran through the ventralmost of the dorsal column where
the CS tract is located in rodents and enter the gray matter. At
postnatal day 7 (P7), fine CS axons extended radially and reached the
margin of the gray matter. Small fusiform/granular varicosities were
evenly spaced along the CS axons. As development proceeds, distri-
bution of CS axons becomes segregated to four regions. The gray
matter received dense projection of the CS axons dorsomedially and
laterally, and moderate projections ventromedially, and light projections
ventrolaterally. Quantification of CS axons running ventrolaterally
showed an increase in number from P7 to P14. Densities of CS axons
peaked at P14, and then declined thereafter. These results, together
with previous results, suggest that a population of the CS neurons
eliminate synapses after innervating infant gray matter. No COL
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Homeostatic maintenance of the large-scale depolar-
ization wave in the developing central nervous system
Momose-Sato, Yoko'; Sato, Katsushige?('Dept Hith & Nutr, Coll

Human Enviro Studies, Kanto-Gakuin Univ, Yokohama, Japan, Dept Hith & Nutr
Sci, Fac Human Hith, Komazawa Women's Univ, Tokyo, Japan)

Widely correlated spontaneous activity in the developing CNS is tran-
siently expressed and is considered to play a fundamental role in
neural circuit formation. The depolarization wave, which spreads over
a long distance along the neuraxis, is an example of this activity. Al-
though the wave is typically initiated in the spinal cord in intact
preparations, spontaneous discharges have also been detected in the
isolated brainstem. Although this suggests that the brainstem has the
ability to generate spontaneous activity, but is paced by a caudal
rhythm generator of higher excitability, a number of questions remains.
Does brainstem activity simply appear as a passive consequence, or
does any active change occur in the brainstem network to compensate
for this activity? If the latter is the case, does this compensation occur
equally at different developmental stages? Where is the new rhythm
generator? To answer these questions, we optically analyzed spa-
tio-temporal patterns of activity detected from the brainstem before
and after transection at the obex. The results revealed that the wave
was homeostatically maintained, which was characterized by an in-
crease in excitability and/or the number of neurons recruited to the
wave. The wave was more easily maintained in younger embryos.
Furthermore, we demonstrated that the ability of brainstem neurons
to perform such an active compensation was not lost even at the stage
when the wave was no longer observed in the intact brainstem. No
COL

Are motoneurons “star-shaped”?
Fukuda, Satoshi; Maeda, Hitoshi; Yoshioka, Noboru;

Murabe, Naoyuki; Kameda, Hiroshi; Sakurai, Masaki(Department of
Physiology, Teikyo University School of Medicine)

It is generally believed that dendritic morphology of spinal motoneuron
(MN) is “star-shaped”. However, the analysis of their dendritic pattern
at an early stage has not been done. Thus we investigated the shape
of rat cervical MNs in an early developmental age (P6-8). The MNs
were identified by retrograde labeling with cholera toxin B subunit
conjugated with Alexa Fluor 488 which was injected into the forelimb
or trunk (pectral or serratus anterior muscles) muscle groups. Follow-
ing a 48-hour survival period, transverse slices of the cervical cord
were prepared. Whole cell recordings were made from retrogradely-la-
beled fluorescence-positive MNs. Neurobiotin was injected from the
recording pipettes which were visualized with Texas Red-avidin.
Double-labeled neurons were imaged with two-photon laser scanning
microscope and traced with Neurolucida system. The MNs received
monosynaptic responses to the stimulation of corticospinal tract were
limited to those innervating forelimb muscles. The dendrite in these
MNs showed preferred orientation for dorsomedial direction toward
the dorsal column where the CST is located in rodents. The dendrites
of MNs innervating pectoral and serratus anterior muscles showed
bipolar orientations along boundary between the gray and white
matter. These observations mean that the dendritic pattern of most
MNs is greatly deviated from a typical “star-shaped” pattern at least
at an early developmental stage. No COL

Transection of the whisker sensory nerve reorganizes
topographical wiring of afferent fibers in the whisker
sensory thalamus of mice

Takeuchi, Yuichi'; Katayama, Yoko'; Miyata, Mariko'2('Dept. of

Physiol., Sch. of Medicine, Tokyo Women 's Med. Univ., Tokyo, Japan, PRESTO,
Japan Science and Technology Agency, Saitama, Japan)

A mature relay neuron in the whisker sensory thalamus (VPm) typi-
cally receives only one sensory afferent fiber, which originates from
the whisker-representing brain stem nucleus (PrV2). Recently, we have
demonstrated that transection of the whisker sensory nerve recruits
multiple afferent fibers onto a relay neuron. However, origins of new-
ly recruited fibers (PrV2 or not) and potential competition between
newly recruited and preexisting fibers remain unexplored. Therefore,
we here generated the Krox20-Cre;Ail4 transgenic mice in which
PrV2-origin fibers are specifically labeled with tdTomato (tdT). Using
the mice, PrV2-origin and non-PrV2-origin fiber terminals in the VPm
were analyzed as tdT(+) and tdT() VGluT2-immunoreactive puncta,
respectively. After the transection, tdT(+) puncta significantly de-
creased compared with that in the sham group (4.8 + 1.5 vs. 6.1 £ 1.2,
mean = s.d, X10%/mm?, whereas tdT(-) puncta increased (0.3 = 0.2 vs.
0.1 = 0.1). Densities of total puncta did not change. In addition, the size
of tdT(+) puncta significantly decreased after the transection (2.0 =
0.2 vs. 23 £ 0.2 um?). These results indicate considerable retraction
and weakening of PrV2-origin (whisker-related) fibers and invasion of
non-PrV2-origin fibers in the whisker sensory thalamus after the
transection. No COL

Cortical feedback activity regulates connection pat-
tern of afferent lemniscal synapses in the somatosen-
sory thalamus.

Narushima, Madoka; Miyata, Mariko(Department of Physiology, School of
Medicine, Tokyo Women's Medical University, Tokyo, Japan)

Plenty of studies revealed synaptic/molecular mechanisms for initial
formation and neuronal activity-dependent refinement of synaptic
connections in early development. However, mechanisms for subse-
quent maintenance of once established circuits in matured brain are
not fully understood. In the sensory thalamus (VPm and dLGN), the
sensory afferent synapses (lemniscal and retinogeniculate (RG) synaps-
es) onto a thalamic neuron are maintained in an experience-dependent
manner after developmental synapse elimination. A thalamic neuron
receives two kinds of excitatory inputs from afferents and massive
feedback corticothalamic (CT) inputs. Thus, the functional linkage
between the two inputs may underlie the maintenance of thalamic
afferent synapses. Recently we found that type 1 metabotropic gluta-
mate receptor (mGluR1) plays a critical role in the experience-depen-
dent maintenance of RG synapses (Narushima et al., in preparation).
Because mGluR1 densely expressed at postsynaptic site of the feedback
CT synapses, we hypothesized that cortical activity regulates mainte-
nance of afferent synapses after maturation. Here we report that
pharmacological manipulation of cortical activity triggered remodeling
of lemniscal synapses. The results support the idea that CT feedback
inputs heterosynaptically regulates maintenance of matured mono-in-
nervation of afferent synapses in the sensory thalamus. No COL
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A novel approach to evaluate the anesthetic depth
with somatosensory evoked potential elicited by dou-
ble stimulation

Fujihara, Hiroaki; Fuijiki, Nobuhiro(Department of Ergonomics, Institute of
Industrial Ecological Science, University of Occupational and Environmental
Health, Kitakyushu, Japan)

Evoked potentials have been used in many studies as an indicator of
the neural activity to the sensory input. We observed a novel phenom-
enon that a ratio of two evoked potentials elicited by double sensory
stimulation dynamically changes in response to the depth of anesthe-
sia. Small screw electrodes set up for evoked potential measurement
in male SD rat skull under sevoflurane anesthesia. Two consecutive
electrical stimulations were applied to the upper limb, and an amplitude
ratio of the first response (R1) and second response (R2) were calcu-
lated (R2/R1). While the inter-stimulus intervals are long enough, R2/
R1 was stable regardless of the anesthetic depth. On the other hand,
when the inter-stimulus intervals are short (300-500ms), R2/R1 dy-
namically decrease in response to the depth of anesthesia. These results
suggest that the R2/R1 may be a novel indicator for evaluating the
anesthetic depth. No COL

Mechanisms of synaptic transmission mediated
TRPM1 channels between retinal rod bipolar and All
amacrine cells

Tamalu, Fuminobu; Watanabe, Shu-Ichi(Department of Physiology,
Faculty of Medicine, Saitama Medical University, Saitama, Japan)

In the mammalian retina, synaptic transmission from rods to rod bi-
polar cells is mediated by the metabotropic receptor mGluR6. In the
dark, rods release glutamate by which rod bipolar cells hyperpolarize;
conversely, in response to light, reduced release of glutamate from
rods opens a non-selective cation channel, namely a TRPM1 channel,
and depolarizes the rod bipolar cells, from which glutamate is released
to post-synaptic AIl amacrine cells (AII cells). We found that an in-
ter-event interval and amplitude of EPSCs observed in AlI cells dra-
matically increased with the temperature increase and that the cur-
rent-time integral of the EPSCs at 35 °C was about 3-fold greater than
that at 20 °C. The temperature dependent EPSCs should reflect glu-
tamate input from rod bipolar cells because the EPSCs were blocked
by CNQX or L-AP4 (an agonist of mGluR6) regardless of the tempera-
ture, but not strychnine and bicuculline, and the reversal potential was
near 0 mV. Membrane potential of rod bipolar cells depolarized at 22
mV/10 °C using whole-cell patch-clamp recordings. Although the
temperature dependent depolarization was not decreased by L-AP4,
it was depressed using perforated patch-clamp recordings. The tem-
perature dependent EPSCs in AII cells were not observed in TRPM1
KO mice. These results suggest that glutamate release from rod bipo-
lar cells via mGluR6-TRPM1 cascade is temperature dependent and
that both adequate temperature and intracellular ligand might neces-
sary for regulation of the open probability of the TRPMI1 channel. No
COL

"Electrophysiological Effects of IL-18, IL-6 and TNF-a
on Thalamic Dorsal Lateral Geniculate Nucleus Relay
Neurons"

Samios, Vinicius Nikolaos; Inoue, Takafumi(Department of Life Science
and Medical Bioscience, School of Advanced Science and Engineering, Waseda
University)

Major inflammatory cytokines like Interleukine 1/, Interleukine 6 and
Tumor Necrosis Factora play important roles in the development of
neuropsychiatric conditions. We present here how electrophysiological
properties of thalamic relay neurons are affected by high levels of
IL-14, IL-6 and TNF-a. Patch-clamp recordings of thalamic relay neu-
rons from brain slices freshly dissected from mice were performed.
IL-18 (14nM) induced a hyperpolarization of resting potential (64.1+1.35
(IL-1) vs. -61.3%1.28 (control) mV, p<0.05), a decrease in normalized Th
amplitude (0.74=0.05 vs. 0.87+0.04, p<0.05), a decrease in normalized
action potential threshold (1.08+0.03 vs. 0.96+0.03, p<0.01), a decrease
in normalized membrane resistance (Rm, 0.80+0.05 vs. 0.97+0.03, p<0.01),
a decrease in spike numbers in bursts (5.0+0.57 vs. 7.2+0.49, p<0.01)
and increased normalized burst latency (1.09+0.06 vs. 0.95+0.02, p<0.05).
IL-6 (InM) induced a decrease in normalized Ih amplitude (0.73%0.05
vs. 0.87%0.04, p<0.05), a decrease in normalized Rm (0.67=0.09 vs.
0.97+0.03, p<0.01) and an increase in normalized burst latency (1.36+0.16
vs. 1.06+0.06, p<0.05). TNF-a (1.2nM) induced no change in the evalu-
ated parameters. These results show that IL-15, IL-6, but not TNF-a
may play important roles in electrophysiological modulation on tha-
lamic relay neurons. Altered neuronal behavior promoted by these
cytokines could be a possible mechanism behind conditions where
sensory processing and consciousness are affected, such as in delirium.
No COL

Cholinergic gain control in the primary visual cortex of
awake rats
Yoshioka, Daisuke'; Soma, Shogo?, Suematsu, Naofumis;

Shimegi, Satoshi®3(!Sch. Sci., Osaka Univ.,, *Grad. Sch. Med., Osaka Univ.,
’Grad. Sch. Front. Biosci., Osaka Univ. Osaka, JAPAN)

We recently found two important roles of Acetylcholine (ACh) in vi-
sual functions. First, ACh administered to V1 caused a response gain
control in anesthetized rats. The responses to various stimulus contrast
were facilitated or suppressed in proportion to the magnitude of the
control responses, by which the shapes of original contrast-response
functions were unchanged. Second, the systemic administration of a
cholinesterase inhibitor, donepezil (DP), improved the contrast detect-
ability in behaving rats. However, the detectability improvement
cannot be simply due to the response gain control in V1 because 1)
DP acts at other areas than V1, 2) anesthetic may influence ACh’s
actions. To clarify those points, we performed extracellular recordings
from V1 of head-fixed rats under awake and anesthetic conditions and
compared the ACh’s modulatory effects. DP was topically administered
onto V1. DP predominantly caused response gain control in both
physiological conditions but it also evoked decrease of contrast gain
in awake rats, suggesting a high responsiveness to low contrast stim-
ulus. Therefore, ACh-evoked two types of gain control within V1 seem
to be one of the reasons for DP-induced detectability improvement of
awake rats. All experimental protocols were approved by the Research
Ethics Committee of Osaka University, and all procedures were carried
out in compliance with the policies and regulations of the guidelines
approved by the Animal Care Committee of the Osaka University
Medical School. No COL

The 91st Annual Meeting of the PS], March 16 — 18, 2014, Kagoshima S143



Impaired visual working memory in mice with reduced
clusters of protocadherins

Kamatani, Daiki'-3; Watanabe, Keniji'; Hishida, Ryuichi’; Yagi,
Takeshi?; Shibuki, Katsuei'3('Dept Neurophysiol, Brain Res Inst, Niigata

Univ, Niigata, Japan, ’)KOKORO-Biology Group, Grad Sch of Frontier Biosci,
Osaka Univ, 3CREST, ]ST)

Clustered protocadherins (cPcdhs) are neurospecific cell adhesion
molecules characterized with multiple clusters. Of the 12 clusters in
cPcdha, cPcdhal,12 mice have only cPcdhal and cPcdhal2, so that
cPcdha diversity is reduced in these mice. However, no apparent ab-
normality has been found in these mice. In the present study, we report
that visual working memory is impaired in cPcdhal,12 mice. First, we
tested working memory regarding spatial locations of visual cues using
a T-maze. Although cPcdhal,12 mice showed a good performance in
a visually-guided T-maze task, the performance in a memory-guided
T-maze task was significantly worse than that in wild-type mice
(P<0.01). We developed an M-maze equipped with a display for testing
shape-recognition working memory. In a control task, a cue shape A
or B was presented at center of the display, and the choice shapes A
and B were presented at either branch of the M-maze with overlapped
timing. If mice selected the branch with the different choice shape
presented as the cue shape, they obtained a reward. Both wild-type
mice and cPcdhal,12 mice showed a good performance with a success
rate >85%. In a working memory task, the delay period between the
presentation of the cue shape and the choice shapes was set at 20 s.
In this working memory task, the performance in cPcdhal,12 was
significantly worse than that in wild-type mice (P<0.003). These results
indicate that cPcdha diversity plays an essential role in visual working
memory. No COL

Frequency dependent integration of excitatory syn-
apses in the dendrites of auditory coincidence detec-
tor neurons of birds.

Yamada, Rei'; Ohmori, Harunori?; Kuba, Hiroshi'('Dept. Cell. Physiol.,

Nagoya Univ. Grad. Sch. Med., Nagoya, Japan, *Dept. Physiol., Facult. Med., Kyoto
Univ., Kyoto, Japan, °’JST PRESTO, Saitama, Japan)

Difference of sound arrival time between two ears (interaural time
difference, ITD) is a major cue for sound source localization. In birds,
neurons in nucleus laminaris (NL) are the coincidence detector of bi-
lateral synaptic inputs and involved in processing of ITDs. Important-
ly, NL neurons are tuned to a specific frequency of sound (character-
istic frequency, CF) and have several functional specializations
depending on CF. In particular, the length of dendrites varies along
the frequency axis and neurons in low-CF region (low-CF neurons)
have dendrites 7-20 times longer than higher CF neurons have. How-
ever, the functional roles of CF specific variation of dendritic length
for the ITD processing still remain elusive. In this study, we analyzed
the distribution of glutamate receptors along the NL dendrites with
the focal uncaging of MNI-glutamate in the chicken brain slices. We
found that the density of glutamate receptors was heterogeneous in
the low-CF neurons and increased toward the distal end of dendrites.
On the other hand, this tendency was not observed in high-CF neurons.
In the low-CF neurons, the properties of focal-evoked mEPSCs showed
no clear differences between the proximal and distal dendrites, sug-
gesting that the type and density of receptors under the synaptic
release site is similar along the dendrites. We will further examine the
integration process at the focal dendrites to address the functional
roles of dendrites in the NL neurons. No COL

Tonotopic variation of inhibitory synaptic transmission
in nucleus magnocellularis of chick

Onogi, Chikao'; Yamada, Rei'; Kuba, Hiroshi'2(!Dept. Cell. Physiol.,
Nagoya Univ. Grad. Sch. Med., Nagoya, Japan, ST PRESTO, Saitama, Japan)

Neurons in avian nucleus magnocellularis (NM) generate action poten-
tials in response to excitatory synaptic inputs from the auditory nerve,
and are involved in a relay of auditory timing information to higher
auditory center. NM neurons are tuned to a specific frequency of sound
and arranged tonotopically within the nucleus. It is known that tem-
poral precision of auditory nerve activity differs along the tonotopic
axis, and it decreases toward lower tuning frequency. To compensate
for this variation, NM neurons differ in the number and size of excit-
atory inputs along the tonotopic axis; high-frequency neurons receive
a single large input, while low-frequency neurons converge multiple
small inputs to generate a spike. However, it remains unknown wheth-
er NM neurons also vary in their inhibitory inputs in a manner depen-
dent on tuning frequency. In this study, we studied characteristics of
miniature inhibitory postsynaptic current (mIPSC) in NM neurons
along the tonotopic axis, with whole-cell patch-clamp techniques in
brain slices of posthatch chickens. What we found was that mIPSC
showed higher frequency in low-frequency neurons than in high-fre-
quency neurons, without any differences in the amplitude and time
course. This may suggest that low-frequency neurons receive a larger
number of inhibitory projections compared with high-frequency neu-
rons. We will further record unitary IPSC to confirm this idea, and
discuss possible roles of this abundance of inhibitory projections in the
temporal coding of low-frequency NM neurons. No COL

Homeostatic regulation of potassium channels in avi-
an auditory neurons
Kuba, Hiroshi'2; Yamada, Rei'; Ishiguro, Go'('Department of Cell

Physiology, Nagoya University Graduate School of Medicine, Nagoya, Japan,
’PRESTO, JST, Saitama, Japan)

Appropriate adjustment of neuronal activity is crucial for maintenance
and performance of neural circuits. Axon initial segment (AIS) is ac-
cumulated with voltage-gated Na* (Nav) channels and is the site of
spike initiation in neurons. We previously showed that deprivation of
auditory inputs increased the expression of Nav channels at the AIS
and augmented excitability of neurons in avian cochlear nucleus.
However, how auditory deprivation affects other ion channels, such as
voltage-gated K* (Kv) channels, remains unknown. In this study, we
addressed this issue with immunohistochemistry and electrophysiolo-
gy, and found that auditory deprivation changes the expressions of
Kv channels at the AIS in a subtype-specific manner; Kv1.1 decreased,
while Kv7.2 increased, showing a complementary change in their ex-
pressions. Interestingly, auditory deprivation caused a negative shift
of spike threshold without changes in the resting membrane potential.
Kv1.1 has low threshold and rapid kinetics for activation and strongly
inhibits firing, while Kv7.2 has slow kinetics and contributes to set the
resting potential. These indicate that the decrease of Kv1.1 enhanced
excitability of neurons but it was balanced with the increase of Kv7.2
at the rest. Thus, Kv1.1 and Kv7.2 work cooperatively at the AIS, and
maintain excitability and resting potential of neurons during depriva-
tion of afferent inputs in the cochlear nucleus. No COL
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Detrended fluctuation analysis reveals temporal pat-
terns of spontaneous oscillatory activity in the olfac-
tory center of the land slug

Komatsuzaki, Yoshimasa'; Eto, Tamon'; Haga, Shouhei’;

Tanaka, Yuichi'; Saito, Minoru®('Department of Physics, CST, Nihon
University, Tokyo, Japan, *CHS, Nihon University, Tokyo, Japan)

Spontaneous oscillation of activity in olfactory system is commonly
observed in various species and is thought to be important for odor-in-
formation processing. The terrestrial slug Limax valentianus has a
highly developed olfactory center, the procerebrum (PC), in which
exhibits oscillation of local field potential (LEP) at 0.7 Hz. Here, we
investigated the statistical property of spontaneous oscillation in the
PC over an extended timescale. To analyze the autocorrelation of the
time series of interspike intervals, we performed a detrended fluctu-
ation analysis, which is a scaling analysis technique used to provide a
quantitative parameter (scaling exponent, a). The fluctuation of spike
timing of the PC possessed a long-term correlation at timescales larg-
er than 10? spikes (@ = 1.21). The application of cychloheximide, an
inhibitor of protein synthesis, induced a decrease in the scaling expo-
nent a at the larger time window. This result indicates that the fluc-
tuations of spike timings are characterized by a dynamics of mRNA
translation in the PC. Furthermore, to investigate the contribution of
innervations to spontaneous oscillation, we measured the LFP follow-
ing the tentacle amputation. In the scaling region for small z (z < 10>
spikes), the scaling exponent a decreased from 0.73 to 0.58, indicating
that the fluctuations of spike timings are uncorrelated under this ex-
perimental condition. These results suggest that the innervations to
PC maintain the intrinsic dynamics. No COL

Cholinergic system regulates oscillatory activity of the
olfactory center in the slug

Kobayashi, Suguru(Kagawa Schl. Pharmaceut. Sci., Tokushima Bunri Univ.,
Sanuki, Kagawa, Japan)

Laminar structure of synchronous oscillatory activity is common in
the olfactory system of both vertebrates and invertebrates. In the
terrestrial slugs, periodic oscillation is recorded from the surface of
the laminar structure of procerebrum (PC) and its frequency changes
are suggested to encode the olfactory information and memory. Ace-
tylcholine (ACh) is known to increase the frequency of the local field
potential (LFP) oscillation in the PC, and is one of the candidates of the
neurotransmitters that are involved in such higher cognitive functions.
In the present study, we thus examined what role cholinergic system
plays in the PC oscillatory network. First, the acetylcholinesterase
(AChE) inhibitor enhanced the excitatory effect of ACh, and further-
more, AChE alone increased frequency of the LFP oscillation in the
PC. Second, the mRNAs for nicotinic ACh receptors were expressed
with narrow distribution of the PC. Nicotine induced the inward cur-
rents in some PC neurons and its estimated reversal potential was -55
mV. From the calculated chloride Nernst potential of -56 mV, this
nicotine-evoked inward current is primarily carried by Cl. These re-
sults suggest that ACh can function as an excitatory transmitter for
PC neurons present the PC via mainly nicotinic ACh receptors acti-
vation. Furthermore, the olfactory tentacle ablation enhanced the
nicotine-induced increase in LFP frequency of the PC. This result
additionally suggests the presence of feedforward inhibition in the
cholinergic afferents from the olfactory tentacle to the PC. No COIL

Spontaneous excitatory transmission enhancement
and outward current produced by carbacrol in rat spi-
nal substantia gelatinosa neurons

Fujita, Tsugumi; Luo, Qing-Tian; Jiang, Chang-Yu; Kang, Qin;

Ohtsubo, Sena; Matsushita, Akitomo; Kumamoto, Eiichi(Dept.
Physiol., Saga Med. Sch., Saga, Japan)

Although the oral administration of an essential oil component carvac-
rol produces antinociception, cellular mechanisms for this action have
not yet been examined. We examined the action of carvacrol on
glutamatergic spontaneous excitatory transmission by applying the
whole-cell patch-clamp technique to substantia gelatinosa (SG) neurons
in adult rat spinal cord slices. Carvacrol superfused for 2 min produced
either increase in the frequency of spontaneous EPSC with a minimal
increase in the amplitude or outward current at -70 mV. The frequen-
cy increase and outward current had the EC;, values of 0.69 mM and
0.55 mM, respectively. The former action was inhibited by a TRPA1
antagonist HC-030031 but not a TRPV1 antagonist capsazepine, while
the latter action was unaffected by the antagonists. Current-voltage
relationship of the outward current indicated an involvement of a
change in the membrane permeability of K*. The outward current
was inhibited in 10 mM-K* but not low-Cl and K*-channel blockers
(TEA and Ba?')-containing Krebs solution. In conclusion, carvacrol
increased the spontaneous release of L-glutamate onto SG neurons
from nerve terminals by activating TRPA1 but not TRPV1 channels.
Carvacrol also produced membrane hyperpolarization, which was
mediated by TEA- and Ba*-insensitive K* channels, in SG neurons
without TRPV1 and TRPAI activation. It is suggested that the hy-
perpolarizing effect of carvacrol could contribute to its antinociceptive
effect. No COL

Cellular mechanisms for inward currents produced by
oxytocin in adult rat spinal substantia gelatinosa neu-
rons

Jiang, Chang-Yu; Fujita, Tsugumi; Ohtsubo, Sena;

Matsushita, Akitomo; Xu, Zhi-Hao; Kumamoto, Eiichi(Dept. Physiol.,
Saga Med. Sch., Saga, Japan)

We have previously reported that oxytocin produces an inward current
at -70 mV by activating oxytocin receptors, resulting in the enhance-
ment of GABAergic and glycinergic spontaneous inhibitory transmi-
sison in spinal substantia gelatinosa (SG) neurons, a cellular mechanism
for antinociception produced by intrathecally-administered oxytocin.
The present study examined cellular mechanisms for the oxytocin-in-
duced inward current by applying the whole-cell patch-clamp technique
to the SG neurons of adult rat spinal cord slices. The oxytocin current
was inhibited by a phospholipase C inhibitor U-73122, an IPsinduced
Ca®"-release inhibitor 2-aminoethoxydiphenyl borate. On the other
hand, a Ca®*-induced Ca*"-release inhibitor dantrolene, a protein kinase
C inhibitor chelerythrine, and dibutyryl cyclic-cAMP did not affect the
oxytocin activity. In 31 % of neurons exhibiting oxytocin activity, a
net of oxytocin current, estimated from a difference between cur-
rent-voltage relationships in the absence and presence of this peptide,
reversed at around the equilibrium potential for K*. The other neurons
did not show such a reversal, and the net oxytocin current was inward
at negative potentials. The oxytocin current was depressed in peak
amplitude in high-K* and low-Na* solution. It is concluded that the
oxytocin-induced inward current in SG neurons is due to a change in
membrane permeabilities to K* and/or Na*, which is possibly mediat-
ed by phospholipase C and IP%induced Ca?* release. No COL
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Optical survey of initial expression of synaptic func-
tion in the embryonic chick trigeminal sensory nucle-
us

Sato, Katsushige'; Momose-Sato, Yoko?('Dept Hith & Nutr Sci, Fac

Human HIth, Komazawa Women's Univ, Tokyo, Japan, *Dept Hith & Nutr, Coll
Human Enviro Studies, Kanto-Gakuin Univ, Yokohama, Japan)

We examined initial expression of synaptic function in the embryonic
chick trigeminal nucleus using voltage-sensitive dye recording. Brain-
stem preparations with three trigeminal nerve afferents, the ophthal-
mic (V,), maxillary (V,) and mandibular (V) nerves, were dissected
from 5.5- to 6.5-day old chick embryos. In our previous study (Sato et
al,, 1999), we detected slow signals corresponding to glutamatagic
EPSPs and identified the principal sensory nucleus of the trigeminal
nerve (Prb), spinal sensory nucleus of the trigeminal nerve (Spb) and
trigeminal motor nucleus (Mo5). In this study, we examined effects of
removing Mg?* from physiological solution, which enhanced NMDA
receptor function in the sensory nuclei. In 6.5-day old embryos, the
slow signal was observed in the Pr5 and Sp5 only when the V| nerve
was stimulated, whereas it appeared in Mg?-free solution with every
nerve stimulation. In 6-day old embryos, the slow signal was observed
only in the Sp5 with the V| nerve stimulation, and the appearance of
synaptic function in Mg?*-free solution varied depending on nerves
and preparations. In 5.5-day old embryos, synaptic function was not
detected even when external Mg?" was removed. These results indi-
cate that the initial expression of synaptic function in the trigeminal
system is earlier than previously considered, and that the developmen-
tal organization of synaptic function is different between the three
trigeminal nerves and between the two sensory nuclei. No COL

Attempts to record voltage sensitive FRET signal and
extracellular spike current from a neuron using a pho-
tometric patch electrode

Hirai, Yasuharu'?2; Nishino, Eri'; Ohmori, Harunori'-2('Dept. of

Physiology and Neurobiology, Kyoto Univ., Kyoto, Japan, 2LIMS, Kyoto Univ.,
Kyoto, Japan)

How neurons generate spikes as a consequence of synaptic inputs is
an important issue to understand the flow of neuronal information,
particularly in a deep brain tissue where most of neural activities are
out of the reach of modern electrophysiological or optical recording
techniques such as whole cell patch recording or two photon micros-
copy. We have established a new photometric patch electrode (PME)
recording method that delivers and collects light from a target neuron
by using a patch electrode as a light guide, which enabled us to obtain
fluorescent and electrical signals from a neuron. By using this method
in a deep brain tissue of living chicks we have so far succeeded to
record Ca2+ sensitive Oregon Green BAPTA-1 fluorescence simulta-
neously with the field current in response to sound stimulus from in-
ferior colliculus and Field-L (avian auditory cortex). We are applying
the PME to monitor voltage signals from a chick auditory brainstem
neuron in slices by using DiO-DPA FRET technology that was recent-
ly reported as a fast and sensitive membrane potential indicator. We
are interested in applying this technique eventually to auditory nuclei
in vivo. The PME recording technique in combination with the voltage
sensitive FRET recording may contribute to investigate the process
of synaptic integration as FRET responses and the neuronal output
as cell attached extracellular field responses, which allows us to un-
derstand the flow of neuronal information in a single cell level in deep
brain tissues. No COL

Generation of OXTR-IRES-Cre knock-in mice

Hidema, Shizu; Hayashi, Ryotaro; Hiraoka, Yuichi; Asayama,

Emi; Ootsuka, Ayano; Miyazaki, Shinji;

Nishimori, Katsuhikio(Graduate School of Agricultural Science, University of
Tohoku, Sendai, Japan)

The oxytocin receptor (OXTR) and ligand oxytocin (OXT) regulate
reproductive function (ie. parturition and milk ejection), socio-sexual
behaviors and so on. We reported that OXTR-deficient mice exhibited
pervasive social deficits (1) and so on. Successively, we generated
OXTR-Venus knock-in mice to locate and analyze the neurons express-
ing OXTR by visualizing neurons expressing OXTR (2). With them,
we detected the expression of OXTR on GABAergic neurons, seroto-
nergic neurons and so on. In the present study, we newly generated
OXTRcDNA-HA-IRES-Cre knock-in mice, to express both OXTR and
Cre recombinase under the control of OXTR promoter, and to restrict-
edly modify the neurons expressing OXTR. As in the previous study,
we found an impaired phenotype in a part of their social behaviors
with heterogonous OXTR KO mice (haplo insufficiency) (3), to avoid
such effect caused by inactivation of one allele of OXTR gene with
insertion of the other gene, and further to facilitate analysis of subcel-
lular localization of OXTR, HA-tag-modified mouse OXTR c¢DNA, and
following IRES element were placed at the upstream of Cre sequence
in a knock-in vector. This line is also useful for monosynaptic analysis
of neural circuit, optogenetic analysis of neurons expressing OXTR,
and so on, by combination with our new AAV vector system.l.
Takayanagi,Y. et al, Proc Natl Acad Sci USA 102: 16096 (2005)2. Y oshi-
da,M. et al,, J.Neuroscience 29:2259 (2009)3. Sala,M. et al., ] Neuroendo-
clinol (2012) No COL

Development of human iPSCs-derived neurons
Ohara, Yuki'; Yamazaki, Hiroyuki'; Ootsu, Mao'; Sato, Kaoru?;
Sekino, Yuko? Shirao, Tomoaki' (‘department of neurobiology and behavior,
Gunma University Graduate school of medicine, Maebashi, Japan, *Division of
Pharmacology, National Institute of Health Sciences, Tokyo, Japan)

Differentiated neurons induced from human induced pluripotent stem
cells (hiPSCs) are expected to be a tool for developing a new method
of treatment for various neurological diseases. However, the detail
developmental properties of hiPSCs-derived neurons have not yet been
known. In this study, we analyzed neuronal development of hiPSC-de-
rived neurons (iCell neurons, Cellular Dynamics International) focusing
on their early developmental stages compared with rat cultured neu-
rons. In 2 days in vitro (DIV) culture, we observed three different
stages of rat neurons, which were stages 1, 2 and 3 in developmental
classification proposed by Dotti. In contrast, we observed only hiP-
SCs-derived neurons of stage 1 and 2. This suggests that difference of
the maturation speed between human and rat neurons has already
appeared at stage 3. Moreover, to test whether there are differences
in effect on pharmacological agents for F-actin and transcription, we
treated hiPSCs-derived neurons and rat neurons with Cytocharasin D
(CytoD) and HDAC-inhibitor valproic acid (VPA). The CytoD treatment
caused translocations of drebrin and F-actin from the transitional zone
to the distal edge of growth cone in both iCell and rat neurons. The
VPA promoted neurite outgrowth in iCell neurons longer than in rat
neurons. These data suggest that the development of iCell neurons
shows differences at developmental speed and reagent reactivity. No
COL
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Effects of anion permeability of GABAA and GABAC
receptors on surround response polarity in bipolar
cells of the mouse retina

Yin, Chengzhu; kaneda, makoto(Department of Physiology, Nippon Medical
School, Tokyo, Japan)

In the mouse retina, surround responses in ON- and OFF- bipolar cells
are regulated by GABA-mediated chloride (Cl) current in dendrities.
An opposite polarity of surround responses between ON- and OFF-
bipolar cells is explained by the hypothesis that reversal potential of
Cl (E.) in ON-bipolar cells is higher than that of OFF-bipolar cells. The
immunohistochemichal findings, electrophysiological data and imaging
of the intracellular Cl' concentration support the hypothesis. However,
the reversal of response polarity between ON- and OFF-bipolar cells
is not completely elucidated by these findings. In the present study,
we examined whether the presence of bicarbonate ion (HCO;) shifts
Eq in GABA, and GABA receptors by means of patch clamp tech-
niques, since distribution of GABA, and GABA receptors can con-
tribute to the formation of surround responses if they have different
Eq. We found that the reversal potential of GABA, and GABA re-
ceptors without extracellular HCOy were -5+3.5 mV (n=6) and -3.8+4.8
mV (n=5), respectively. The reversal potential of GABA, and GABA.
receptors with extracellular HCOy (24 mM) were -4.5+57 mV (n=6)
and -2.6£34 mV (n=5), respectively. These results rule out the possi-
bility that the distribution of GABA receptors subtypes with different
HCO; permeability in bipolar cells contributes to the formation of an
opposite polarity of surround responses between ON- and OFF-bipolar
cells. No COL

Mechanism of receptive field generation in early visu-
al pathway: simultaneous recording of retinal ganglion
cells and lateral geniculate cells

Miyoshi, Tomomitsu'; Suematsu, Naofumi&3; Naito, Tomoyukiz;
Sawai, Hajime'; Sato, Hiromichi23(!Dept Integr Physiol, Grad Sch Med,

Osaka Univ, Suita, Japan, ’Lab Cogni and Behav Neurosci, Grad Sch Med, Osaka
Univ, Toyonaka, Japan, *Grad Sch Front Biosci, Osaka Univ, Toyonaka, Japan)

Retino-geniculate transmission has been thought to be relatively sim-
ple because both retinal ganglion cells (RGCs) and relay cells of the
lateral geniculate nucleus (LGN) have circular receptive fields (RFs).
However, we have recently reported that RF structure of cat LGN
neurons is rather elliptical than circular, giving them moderate orien-
tation sensitivity (Suematsu et al, 2012; Naito et al.,, 2013). To clarify
the connection rule for generating LGN RFs, we simultaneously re-
corded pairs of single-unit activities of RGCs and LGN neurons, which
showed functional monosynaptic connections with cross-correlation
analysis.

We found that 1) spatial RF structure of both RGCs and LGN neurons
were comparatively elliptical, 2) spatial RF structures of the pairs with
same-response-sign were often overlapped and similarly-oriented, 3)
most of the pairs with opposite-response-sign exhibited RF structures
which were spatially displaced and independently-oriented, and 4) the
temporal RF structures of the RGCs were tightly correlated with those
of their target LGN neurons.

These results indicate that RF structure of LGN neuron is mainly
inherited from that of a primary-projecting RGC, and that stimulus
feature selectivity of LGN neurons is sharpened by more convergent
inputs from multiple RGCs than previously conceived. No COL

Trigeminal interpolaris/ caudalis transition neurons
mediate ocular blood flow responses evoked by
bright light in the rat

Tshiro, Akimasa'; Kemuriyama, Takehito';

Tandai-Hiruma, Megumi'; Ohta, Hiroyuki'; Hagisawa, Kohske’;
Nishida, Yasuhiro'; Bereiter, David2('Dept. Physiol. Nat.Def.Med. Coll.

Saitama . Japan, *Dept. Diagnostic and Biological Science, Univ. of Minnesota
School of Dentistry, Minneapolis, MN, USA)

Abnormal sensitivity to bright light can cause discomfort or pain and
evoked parasympathetic reflexes such as pupillary constriction, lacri-
mation and vsodilation in the choroid. The mechanisms underlying
abnormal sensitivity to light remain elusive; however, it has long been
proposed that trigeminal sensory nerves play a significant role. Tri-
geminal sensory nerves that supply the eye project to two spatially
distinct regions of the lower trigeminal brainstem nuclear complex,
subnucleus interpolaris/caudalis (Vi/Vc) transition as well as the cau-
dalis/upper cervical junction (Vc/Cl) regions. Recently we reported
that light-evoked Vi/Vc and Vc¢/Cl neural activity involved increased
parasympathetic outflow consistent with a vascular-linked mechanism
with in the eye. However, since little is known about underlying
neural circuitry for reflex choroidal blood flow (CBF) responses to
bright light stimuli, CBF was measured in a separate group of male
rats after synaptic blockade of Vi/Vc or Vc¢/Cl regions. Bright light
(20k lux)-increased CBF was markedly inhibited (>80%) by 10min after
CoCl2 injection into the Vi/Vc region, wheres blockade at the V¢/Cl1
had no effect (<10%).These results support the hypothesis that light
responsive neurons at the Vi/Vc transition region are critical for oc-
ular reflex function such as change of intra ocular blood flow. No COL
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Orexin-A inhibits ocular-responsive trigeminal subnu-
cleus caudalis neurons in the rat
Katagiri, Ayano'; lwata, Koichi2('Dept. Diagnostic and Biological Sciences,

Univ. of Minnesota Sch. of Dentistry, MN, US, *Dept. Physiology, Nihon
University Sch. of Dentistry, Tokyo, JP)

Orexin-A (OxA) is synthesized exclusively in the hypothalamus and
is associated with homeostatic regulation and pain modulation. Previ-
ously we reported that increased posterior hypothalamus outflow re-
duced light-evoked trigeminal subnucleus caudalis/upper cervical (Vc¢/
C1) neural activity and reflex lacrimation. To determine if OxA con-
tributed to posterior hypothalamus modulation of ocular nociception,
OxA was applied to the dorsal brainstem surface while recording from
ocular-responsive neurons in superficial laminae at the Vc¢/C1 region.
Ve/Cl ocular units were activated by exposure to bright light or oc-
ular surface application of hypertonic saline. OxA markedly reduced
both light- and NaCl-evoked neural activity. Co-application of the
orexin-1 receptor antagonist, SB334867, reversed OxA-mediated inhi-
bition of ocular-evoked activity. OxA also reduced the high threshold
convergent cutaneous receptive field area of ocular units. OxA did
not alter the spontaneous activity of V¢/C1 neurons or resting mean
arterial pressure. Local application of SB334867 alone had no effect.
Co-application of OxA and the orexin-2 receptor antagonist did not
prevent OxA-mediated inhibition. These results suggested that OxA
acted through orexin-1 receptors to modulate somatosensory input
from the ocular surface and deep tissues of the eye to neurons in su-
perficial laminae of the medullary dorsal horn. Acknowledgements:
Univ. of Minnesota, Prof. D.A. Bereiter. This work was supported by
a Grant from NIH (EY021447). No COL

The effect of Menthol, Capsaicin and AITC on the
thermal response of corneal primary afferent neurons
Kurose, Masayuki'; Hatta, Azusa'; Wiersma, Jelle?;

Oda, Masatakas; Yamamura, Kensuke'; Meng, lan D3('Division of
Oral Physiology, Niigata University, Niigata, Japan, *Department of Physiology,
College of Osteopathic Medicine, University of New England, Biddeford, ME, USA,
*Division of Microbiology and Infectious Diseases, Niigata University, Niigata,
Japan)

Previous studies have found that cold cells innervating the cornea are
sensitive to the ocular fluid status of the corneal surface and may be
responsible for the regulation of basal tear production. In the present
study, we examined the effect of the TRPMS8 agonist menthol, the
TRPV1 agonist capsaicin, and the TRPA1 agonist allyl isothiocyanate
(AITC) on cold-evoked responses in these corneal primary afferent
neurons. Extracellular, single-unit recordings were performed in ure-
thane-chloralose anesthetized rats. Electrodes positioned in the trigem-
inal ganglion were used to isolate and characterize cold-sensitive
corneal neurons. At low concentrations, Menthol increased the spon-
taneous and enhanced the cold-evoked response. On the contrary, a
high concentration of menthol suppressed the cold cell activity. Cap-
saicin and AITC increased the spontaneous activity and suppressed
the cold-evoked response. These results indicated that most of the cold
cell has not only TRPMS8 channel but also TRPV1 and TRPAlchannel.
Menthol, though actions at TRPMS, sensitizes own TRPMS8 channels.
Capsaicin, though actions at TRPV1, and AITC, though actions at
TRPA1 may suppress TRPMS channel directly or by other intracel-
lular mechanisms. Understanding of the mechanisms of these desen-
sitization of TRPM8 channel might be useful for knowing Dry eye
syndrome. No COL

Tyrosine hydroxylase immunoreactive amacrine cells
in the gerbil retina
Imada, Hideki'; Sakai, Kazuyoshi?; Miyachi, Ei-ichi'(!Dept. Physiol. Sch.

Med. Fujita Hlth. Univ., Toyoake, Aichi, Japan, Dept. Anat. Sch. Hlth. Sci. Fujita
Hith. Univ., Toyoake, Aichi, Japan)

We have found two kinds of TH-IR amacrine cells (type A and type
B). The two types were clearly different in the shape of somata and
stratification of TH-IR dendrites in the inner plexiform layer (IPL) at
P7. Type-A TH-IR cells had monostratified dendrites extending in the
outermost layer of the IPL, while type-B cells had dendrites extending
in the middle of IPL. At P7, type-A somata were observed in the inner
part of the inner nuclear layer (INL), its dendrites extended into the
outer part of the IPL. Type-B somata were located in the inner part
of the newly formed INL. Its dendrite was observed to spread in the
middle of the IPL. At P28, type-A somata became spherical and sig-
nificantly larger, and more thickly stained, located in the vicinity of
outermost layer of the IPL. The dendrites of type B extended in the
middle of the IPL, where the point-like layer was observed. In adult
type A, densely stained, round-shaped and large somata were located
in the innermost part of the INL, and their dendrites with varicosities
extended into the outermost part of the IPL. Adult type-B somata, on
the other hand, were stained weakly, with their thin dendrites pene-
trating the outer part of the IPL. These results suggest that two kinds
of dopaminergic amacrine cells have different developmental properties
in the developing gerbil retina. Eye opening is an important period for
the maturation of dopaminergic amacrine cells and for the maturation
of the IPL. No COL

Whisker-guided visual map shifts and formation of oc-
ular dominance column-like structures in mice
Yoshitake, Kohei'®; Tsukano, Hiroaki'; Tohmi, Manavu';

Hishida, Ryuichi'; Yagi, Takeshi?3; Shibuki, Katsuei'3('Dept
Neurophysiol, Brain Res Inst, Niigata Univ, > KOKORO-Biology Group, Grad. Sch.
of Frontier Biosci, Osaka Univ, °’JST, CREST)

Mice navigate nearby space using their vision and whiskers. Therefore,
young mice must learn to integrate these heterogeneous inputs, al-
though the mechanisms are unknown. We have previously reported
that cortical depression was induced by spatial misalignment between
visual and whisker inputs in the primary visual cortex (V1) of young
mice that had worn a monocular prism goggle. Cortical depression in
V1 alone do not eliminate the visuotactile spatial misalignment. How-
ever, partial depression of the visual responses with spatial eccentric-
ity and the resulting map shifts may alleviate the spatial misalignment.
To test this possibility, we investigated the location of visual respons-
es elicited by LED stimuli placed between 0° and 100° at 20° intervals
in control mice and mice that had worn the prism goggle. We found
that uniform medial shifts of cortical responses in V1 of mice that had
worn the prism goggle. So far, ocular dominance column has not been
found in V1 of mice. However, the uniform medial shifts of visual re-
sponses suggests a possibility that ocular dominance column-like struc-
tures could be formed in the binocular region of V1 after prism wear-
ing. As expected, the visual responses elicited by LED stimuli placed
at 0° via each eye were clearly separated. These results indicate that
visuotactile misalignment between whisker and visual inputs could
induce visual map shifts and formation of ocular-dominance-like struc-
tures in mice. No COL
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Pupillary reaction and eye movement during looking
Benham's illusion figures with rotation or movement
Yanagida, Yurie'; Kobayashi, Takakazu?('Graduate school of Engineering,

Shibaura Institute of Technology and Science, Tokyo, Japan, *Department of
Electronic Engineering, Shibaura Institute of Technology, Tokyo, Japan)

Recent years, study of illusion has been mainly carried out again in
the field of psychology. In some of optical illusion, there is figure is
called Benham'’s disk. In spite of drawn by black and white in the
figure, we feel the color at 3-6 round/s of rotation speed. However,
there is little research on pupil reaction and eye movement about
Benham's disk. Therefore, we examined about these when we are
looking at rotating figure. In addition to rotating of Benham’s disk, we
used a rectangular figure drawn same Benham's disk pattern but
moves horizontally. The head was fixed by the fixation device of
forehead and chin. Eye was taken with an infrared CCD camera, the
eye movement of the center of gravity and pupil area were measured
and analyzed. As a result, the area of the pupil changed whether
color is visible or not. Pupil area was larger in the rotation speed of
colors can be seen compared to fast rotation speed at 8 round/s. These
occurred regardless of the direction of rotation and movement speed
in Benham's figures. Further, it was found that in the movement of
rectangular figure at 1 round/s the repeated smooth pursuit movement
and saccade were observed. These decreased in the movement begin
to see the color. It is considered that these are caused because color
figure is recognized as a still image. Therefore, it is concluded that
color of Benham'’s illusion figure is recognized as a still image and in
the case of rotation and movement speed at not too fast. No COL

Cooperative coding of unstationary images by multi-
ple subtypes of retinal ganglion cells

Tachibana, Masao; Matsumoto, Akihiro(Department of Psychology,
Graduate School of Humanities and Sociology, The University of Tokyo, Tokyo,
Japan)

There are many subtypes of ganglion cells in the retina, and it is as-
sumed that each subtype may detect a specific visual feature of the
retinal image. However, it is not clear whether each subtype process-
es visual information independently or cooperatively. Applying the
multi-electrode array to the isolated goldfish retina, we recorded spike
discharges from multiple ganglion cells. Dynamic light stimuli were
projected onto the retina to mimic the retinal image motion. The
stimulus was composed of a bright square target and a surrounding
large background with or without random dots. The target and the
background was jittered or rapidly moved separately or together.
Based on the receptive field profile estimated by the spike-triggered
average, we classified ganglion cells into six subtypes (Fast/Slow,
transient/medium/sustained). We found that the Fast-transient cells
fired synchronously and anticipatory when the target rapidly moved
together with the background with random dots. Under this stimulus
condition, cross-correlation analysis of spike trains revealed that func-
tional connectivity was established among the Fast-transient cells and
other specific subtypes. The functional connectivity was not fixed but
changed depending on the light stimulus pattern. These results suggest
that multiple subtypes of ganglion cells may send visual information
cooperatively to the brain, and that the Fast-transient cells may play
a key role among the subtypes. No COL
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Age-dependent relationships between heart rate vari-
ability and body acceleration in free-moving human
Taniguchi, Kentaro'2; Shimouchi, Akito?; Seki, Junijis;

Mizukami, Tomoe'?; Jinno, Naoya?; Shirai, Mikiyasu?;

Seiyama, Akitoshi'('Human Health Sciences, Graduate School of Medicine,
Kyoto University, Kyoto City, Kyoto, Japan, *Department of Cardiac Physiology,
National Cerebral and Cardiovascular Research Center, Suita, Osaka, *Organization
for Research and Development of Innovative Science and Technology, Kansai
University, Osaka)

The aim of this study is to clarify effects of aging on relationships
between heart rate variability (HRV) and body acceleration of the
free-moving human. R-R intervals and body acceleration were record-
ed every one minutes from 65 adults, including 18 young (20 to 39
years), 26 middle (40 to 59 years), and 21 elderly subjects (60 years or
more) for 24 hours during their free-moving days. For HRV analysis,
high-frequency (HF; 0.15-04 Hz) and low-frequency (LF; 0.04-0.15 Hz)
components of HRV were calculated by using MemCalc, a time series
analysis technique that combines a non-linear least square method
with maximum entropy method. The lag between time-series of HRV
and physical acceleration was determined by the cross-correlation
analysis. For three to four hours before night sleep and after wake-up,
the percent ratios of the subjects with zero lag between physical ac-
celeration and HRV (both LF/HF and HF/TF) were significantly de-
creased in an age-dependent manner. After wake-up, the ratios of the
subjects with zero lag tended to be lowered in all generations. These
results suggested that the coordination between physical activity and
autonomic nervous system was diminished with the aging. No COL
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Circadian desynchronization disrupts heart mitochon-
drial metabolism in mice
Hashimoto, Izumi; Kohsaka, Akira; Das, Partha; Nakao, Tomomi;

Gouraud, Sabine S; Waki, Hidefumi; Maeda, Masanobu(Dept Physiol,
Wakayama Med Univ, Wakayama, Japan)

Continuous shifting of the sleep-wake cycle, often observed in shift
work, is associated with increased cardiovascular morbidity and mor-
tality. However, molecular mechanisms underlying the detrimental
effects of shifting in the daily physiological rhythm on cardiac function
remain unknown. To elucidate a molecular link between the circadian
clock and cardiac function, we used mice which developed cardiac
hypertrophy by phenylephrine infusion, and maintained these animals
on a 12-h phase shift in the light-dark (LD) cycle for 18 days. We found
that chronic exposure to the LD shift protocol decreased cardiac
function in mice. In addition, the reduced cardiac function led by LD
shifting was accompanied by alteration in cardiac mitochondrial me-
tabolism. Diurnal rhythms of expression of genes encoding key com-
ponents of mitochondrial oxidative metabolism were abolished in mice
maintained on the LD shift protocol. More importantly, disrupting
physiological rhythmicity induced by LD shifting resulted in a signif-
icant decrease in enzymatic activity of mitochondrial complex I in
heart. Together, our results suggest that chronic desynchronization
of the daily physiological rhythm with external LD cycles may have
adverse effects on heart function through alteration in mitochondrial
energy metabolism. No COL

Changes in the state of wakefulness in the locus coe-
ruleus noradrenergic neurons-ablated mice

Takahashi, Kazumi'; Konno, Kohei?; Kawamura, Naoki?;

Itoi, Keiichi®; Kobayashi, Kazuto4; Eifuku, Satoshi’;

Koyama, Yoshimasa?®('Dept Systems Neurosci., Fukushima Med. Univ.,
Fukushima, Japan, *Dept. Sci. Technol., Fukushima Univ., Fukushima, Japan,
*Grad. Schl. Inf. Sci., Tohoku Univ., Sendai, Japan, “Inst. Biomedical Sci.,
Fukushima Med. Univ., Fukushima, Japan)

The noradrenergic (NA) neurons in the locus coeruleus (LC) are crucial
components in the sleep-waking mechanisms. To explore the roles of
these neurons, we specifically ablated them with immunotoxin(IT)-me-
diated cell targeting in mice, and assessed sleep-waking behaviors and
arousal responses induced by auditory stimuli. The cortical electroen-
cephalogram (EEG) and the neck electromyogram (EMG) were contin-
uously recorded from one week before to two weeks after the IT in-
jection in the freely-moving condition. During both the light periods
and dark periods, there were no differences in the total amounts of
wakefulness (W), light slow-wave sleep (SWS), deep SWS and paradox-
ical sleep between the NA-LC ablated (Ab) mice and normal mice.
However, from 5 to 8 days after the injection, the duration of each
bout of W decreased and the number (frequency) of W increased in
the Ab mice. In response to the sound stimuli (45 or 55 dB, 200ms)
applied during sleep, the occurrence probability of EEG desynchroni-
zation, the sign of W, was unchanged, while that of transient EMG
activity with short latency was increased in the Ab mice. These results
suggest that the NA-LC neurons have a role in maintaining or stabi-
lizing the state of W and exert inhibitory influences to the auditory
reflex pathway in the brainstem. No COL

Optical imaging of spatially isolated solitary neuron of
suprachiasmatic nucleus using micloisland culture
method

Hirata, Yoshihiro'; Honma, Sato?; Honma, Ken-ichi?('Photonic. Bioimag.

Sect., Hokkaido Univ. Sch. Med., Sapporo, Japan, *Dept. Chronomed., Hokkaido
Univ. Grad. Sch. Med., Sapporo, Japan)

A master circadian clock in mammals is located in the hypothalamic
suprachiasmatic nucleus (SCN) which is composed of multiple, sin-
gle-neuron circadian oscillator cells. Recent studies have suggested
that these neurons are heterogeneous in not only cytochemical but
also their oscillatory properties. In this study, we examined circadian
properties of the solitary SCN neuron on small spots using dissociated
culture of SCN neurons. Culture dish were prepared by opening a hole
in the bottom of a 35 mm petri dish and attaching ITO (Indium Tin
Oxide) coated glass slide. A collagen layer was formed on the ITO
surface, and above it, agarose thin layer was made. Collagen islands
were formed by an infrared laser beam which melted agarose thin
layer. This method enables us to make small spots of any size at any
density. SCN neurons were derived from transgenic mice carrying a
bioluminescent reporter for PerI or PER2. Bioluminescence from each
single cell was measured by an EMCCD camera every hour for at
least 5 days. We succeeded to demonstrate that spatially dissociated
solitary SCN neurons exhibit circadian rhythms of Perl expression or
PER2. We also detected circadian oscillation of clock gene/protein of
glial cells on islands with/without SCN neurons. These results suggest
that each of single SCN neurons exhibits cell-autonomous circadian
oscillation. Further, the rhythmic activity of glial cells may affect cir-
cadian expression of clock gene/protein in each SCN neurons, or vice
versa. No COL

High plating density is necessary for robust AVP re-
leasing rhythm of SCN cells in culture

Watanabe, Kazuto(Department of Physiology, Dokkyo Medical University,
Mibu, Japan)

In mammals, circadian rhythms are driven by a pacemaker located in
the suprachiasmatic nucleus (SCN) of the hypothalamus. Recordings
of neuronal firing of dissociated SCN cells suggest that single SCN
cells are competent circadian oscillators. The SCN cells also show
clear circadian rhythm of arginine vasopressin (AVP) release in cell
culture when they are plated at high density. We examined the effect
of plating density on AVP releasing rhythm in culture. The same
numbers of the cells were plated on different size of area in a well of
cloning plates. When cells were plated in large area, AVP-releasing
rhythm was attenuated. Both the amount of AVP release and ampli-
tude of the rhythm depended on the plating density. Co-culture with
cortex cells could not restore the loss of rhythmicity in low-density
culture. These results suggest that cell-cell contact of SCN cells is
necessary for robust AVP releasing rhythm. No COL
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Involvement of gap junction in kainic acid-induced
neuronal oscillations in anterior cingulated cortex
Shinozaki, Rina'; Hashizume, Miki'; Mukai, Hideo?;

Murakoshi, Takayuki'(:Department of Biochemistry, Faculty of Medicine,
Saitama Medical University, Saitama, Japan, *Department of Computer Science,
School of Science and Technology, Meiji University)

Neuronal oscillation is a prominent form of rhythmic activity occurring
in the brain. Fast neuronal oscillations (30-100Hz) are frequently ob-
served in the thalamo-cortical structure during wakefulness and at-
tentive behavior. Abnormalities in these oscillations in the anterior
cingulated cortex (ACC), a medial part of the prefrontal cortex, might
underlie neuropsychiatric illnesses such as schizophrenia. In the
current study, to investigate the role of gap junctions in the neuronal
oscillation in the ACC, we developed an iz vitro model of neuronal
oscillation in a slice preparation including ACC from mice, and exam-
ined if the gap-junctional communication is involved in the generation
mechanisms of the oscillation. We evoked oscillation by perfusing
50uM kainic acid (KA) for 10 seconds. Oscillation activity was evalu-
ated by power-spectral density analysis. Gap junction antagonist
(150uM 18-glycyrrhetinic acid, 100uM carbenoxolone, 100uM octanol)
was administered by perfusion for 30 min before KA activation. These
gap junction antagonists markedly decreased oscillation power evoked
by kainic acid. These results suggest that gap junctions contributes
to generation of the neuronal oscillation in the ACC. No COL

Neuronal activity of the insular cortex modulates ap-
proach behavior to food in mice

Kusumoto-Yoshida, lkue'23, Liu, Haixin3; Chen, T. Billy?;

Fontanini, Alfredo3; Bonci, Antonello®('Dep. Physiol., Grad. Sch. Med.

Dent. Sci, Kagoshima University, Kagoshima, Japan, ?National Institute on Drug
Abuse IRP. Baltimore, MD USA, *Stony Brook University, Stony Brook, NY USA)

The insular cortex is known as sensory cortex that integrates multiple
modalities such as visceral, gustatory and olfactory inputs and plays
an important role for representing bodily state. It has been reported
that neurons in the insular cortex respond to reward-predictive cues,
however it remains unknown how the anticipatory activity shapes the
animals reward-motivated behaviors. Here, we investigate the involve-
ment of insula in the reward approach behavior in mice. Using a
classic Pavlovian paradigm, adult mice were trained to form an asso-
ciation between the sensory cues and subsequent delivery of a highly
palatable food pellet. Local pharmacological inactivation of the insula
significantly reduced reward-approach behavior, suggesting a modu-
latory function of the insula. Single unit recording from behaving mice
showed significant changes of firing activity during cue-period in about
30% of recorded neurons in same area of insula. To determine if insu-
lar activity is specifically important during the cue-presentation period
predicting the subsequent reward delivery, we employed optogenetic
techniques. Using halorhodopsin, we inhibited insular activity selec-
tively during the cue period. Insula inhibition significantly reduced
approach behavior during the cue period. These data suggest that
activity of the insular cortex during the reward-predictive cue con-
tributes and modulates the expression of reward-approach behavior.
No COL

Conditional knockout of the orexin 2 receptor gene
specifically in GABAergic neuron reduce wakefulness

Soya, Shingo; Sakurai, Takeshi(Department of molecular neuroscience and
integrative physiology, Kanazawa Univ. Kanazawa, Japan)

Orexin neurons project almost all brain regions with especially dense
projections being seen in monoaminergic and cholinergic nuclei in-
volved in the regulation of sleep/wakefulness. There are orexin 1
(OX1R) and 2 receptor (OX2R) expressed in these neuron, and also
GABAergic neurons are likely to function as local inhibitory interneu-
rons and distributed in monoaminergic neuron and excited by OX1R
and OX2R. However precise role of orexin receptor mediated GAB-
Aergic neuron activity in sleep/wake regulation is unclear. To address
this, we generated conditional OX2R knockout mice especially in
GABAergic neuron, and analyze sleep/wakefulness states of these
mice monitored by simultaneous EEG/EMG recordings. We found that
these mice showed significant decrease of wakefulness time, accom-
panied by increased NREM sleep. Also, these mice exhibited significant
decrease in episode duration of wakefulness in dark period. These
results suggest that GABAergic neuron mediated by OX2R play an
important role in maintaining wakefulness in dark period. No COL

Comparison of firing properties of sleep-related neu-
rons in the mesopontine tegmentum and amygdala
Koyama, Yoshimasa; Nishimura, Kunihiro; Haruyama,

Naoto; Aoyagi, Toshifumi; Matsuda, Shohei; Ito, Akira(Department of
Science and Technology, Fukushima University)

The masopontine tegmental area has a crucial role in regulation of
REM sleep. A large population of neurons in this area including lat-
erodorsal tegmental nucleus (LDT) discharge specifically during REM
sleep (PS active neurons) or discharge highly both during REM sleep
and waking. On the other hand, the amygdala, a center of emotion
during waking, also contains considerable number of PS active neurons.
Although these two areas contain similar type of neurons (PS active
neurons), functional significance of the PS active neurons in these two
areas in regulation of REM sleep has never been compared. In the
present study, single neuronal activity under sleep waking cycles was
recorded from the mesopontine tegmental area and the amygdala in
head-restrained, non-anesthetized rats and firing properties of the
neurons in these two areas were compared. In the mesopontine teg-
mental area, some of the PS active neurons started to increase firing
before the onset of REM sleep and continued to fire in tonic fashion
during REM sleep, while the PS active neurons in the amygdala showed
phasic discharge intermittently during REM sleep, and increase in
firing started after the onset of REM sleep. Some neurons in the mes-
opontine tegmental area have a correlation with eye movement during
REM sleep, while none of the amygdala neurons have such correlation.
Both in the LDT and amygdala some neurons have a close correlation
with blood pressure fluctuation during REM sleep. Roles of these two
areas in relation of REM sleep would be discussed. No COL
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Influences of stress on sleep profiles and blood pres-
sure fluctuation during REM sleep

Haruyama, Naoto; Oonami, Hiroki; Nishimura, Kunihiro;
Koyama, Yoshimasa(Dept Sci Technol, Fukushima Univ, Fukushima, Japan)

The stress during waking has some influences on sleep. During REM
sleep, fluctuation of autonomic nervous system including that of blood
pressure, heart rate or respiration occurs and it is highly probable that
such events have some relations with the stress during waking. In the
present experiment, to elucidate the influence of stress on sleep profiles
we examined the effect of stress on sleep-wake cycles and on blood
pressure fluctuation during REM sleep. Male rats in a shock chamber
were given, every one minute from 16:00 to 17:30, 10 seconds tone of
10 KHz (15 times), which was associated with electric shock (0.7 mA,
1 sec), and of 500 Hz (75 times) without shock. After the shock, rats
were moved to the recording chamber to record sleep-wake profiles
and blood pressure from 20:00 to 8:00 (dark period), then from 8:00 to
16:00 (light period). During dark period, electric shock induced 72%
increase of the amount of REM sleep (p<0.01), 20% increase of light
slow wave sleep (p<0.05), and 7% decrease of wakefulness (p<0.01)
comparing with control animals, which were given no shock in the
shock chamber. During light period, amount of REM sleep increased
to 17% (p<0.05). After the electric shock, phasic decrease of blood
pressure occurred more frequently comparing with control animals
(p<0.01), while increase of blood pressure had no difference comparing
with control animals. These results suggest that the electric shock
stress associated with sound has a facilitatory role on REM sleep and
has some influences on blood pressure fluctuation during REM sleep.
No COL

Relationship between sleep quality and menstrual cy-
cles in healthy women
Fujita, Sayaka(The University of Shimane, Izumo Campus)

The present study aimed to clarify the relationship between menstru-
al cycle and sleep quality in healthy women. Sleep quality during the
menstrual cycles of six women (age range, 19-28 years) was measured
for about one month. Basal body temperature was measured while still
in bed in the morning, and sleep was assessed using a mat-type device.
Basal body temperatures during the ovarian follicular, the corpus lu-
teum, and the menses phases of the menstrual cycle were 36.44 =
0.15°C, 36.73 = 0.25°C, and 36.53 + 0.19°C, respectively (p= 0.00).The
total amount of sleep per night was 30048 + 109.17, 302.83 = 74.70, and
276.23 £ 77023 min, during the three phases, respectively, and the
amount of time spent in REM sleep was 62.62 = 33.20, 59.30 = 14.27,
and 43.63 = 20.76 min, respectively (p = 0.05). The amount of time spent
being awake and in both light and deep sleep did not significantly
differ among the three phases. However, the amount of time spent in
REM sleep significantly differed (p = 0.04), indicating that quality of
sleep is affected by the menstrual cycle in healthy women. No COL

The role of ghrelin in entrainment of circadian rhythms
to scheduled daily feeding in CS mice

Abe, Hiroshi'2; Ebihara, Shizufumi®; Okamoto, Tadao*('Division of
Psychology, Department of Morphological and Physiological Sciences, Faculty of
Medical Sciences, University of Fukui, *United Graduate School of Child
Development, Osaka, Kanazawa, Hamamatsu, Chiba University and University of
Fukui, *Division of Biomodeling, Graduate School of Bioagricultural Sciences,
Nagoya University, “UCB Japan)

The circadian clock in CS mice entrains to restricted feeding schedule
(RF). Behavioral rhythm and clock gene rhythms in the suprachias-
matic nucleus (SCN, a central oscillator in the circadian clock system)
of CS mice show clear entrainment to RF (food entrainment). To in-
vestigate the mechanisms of food entrainment in CS mice, present
study was designed to clarify the role of ghrelin, which is a peptide
closely related to feeding behavior, in the food entrainment in CS mice.
Plasma ghrelin concentration was measured at 6 time points while
behavioral rhythm was entrained to RF. Plasma ghrelin concentration
levels under RF in CS mice were significantly increased prior to feed-
ing time, while there were no rhythmic changes in ad lib feeding mice.
The changes in freerunning behavioral rhythm under continuous
darkness (DD) were measured when ghrelin was periodically admin-
istered. Periodic ghrelin administration induced no changes in freerun-
ning behavioral rhythms. These results indicate that ghrelin is not a
major cue for food entrainment of circadian clock in the CS mice. The
present results suggest that ghrelin might have a role in the food-en-
trainable oscillator which regulates food anticipatory activity under
RF. No COL

Effect of feeding patern on sleep depth

Otsuka, Airi'2; Shiuchi, Tetsuya'?; Oura, Kanna'?;

Shimizu, Noriyuki'; Chikahisa, Sachiko'; Sei, Hiroyoshi' ('Department
of Integrative Physiology, Institute of Health Biosciences, The University of
Tokushima Graduate School, *Department of Food Science, Institute of Nutrition
and Bioscience, The University of Tokushima Graduate School, *Student Lab,
Faculty of Medicine, The University of Tokushima)

We investigated whether different feeding rhythm affects sleep/wake
regulation. Three groups of C57BL/6] mice were given lab chows
freely during dark period (ZT12-24, Control group), first half of dark
period (ZT12-18; Morning group), or last half of dark period (ZT18-24,
Evening group) for 2 weeks respectively. Off-line sleep scoring was
done on the computer screen by visual assessment of the electroench-
phalogram (EEG) and EMG activities, thereby distinguishing phases
of wake, rapid eye movement (REM) and non-REM (NREM) sleep. The
EEG delta and theta frequency band was set at 0.5-4.0Hz and 4.0-7.8Hz,
respectively. In this study, power density of the EEG delta (ratio of
delta to theta) during NREM sleep was used as a parameter of sleep
pressure (slow-wave activity, SWA). Mice in Evening group showed
lower SWA than that of other 2 groups. On the other hand, an amount
of NREM, REM and wake in 3 groups did not change. We observed
higher monoamine concentrations, which activates wake system, in
cerebral cortex in Evening group. We also found increased mRNA
expression of orexin in hypothalamus in Evening group. These results
indicate that feeding only in the last half of dark period alters sleep
homeostasis. This effect may be partly involved in increase of orexin
expression in hypothalamus and elevated monoamine concentration
in cerebral cortex. No COL
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The effect of feeding condition and cold ambient tem-
perature to synchronization on the rhythms of body
temperature and sleep-wake pattern

Sato, Nobuo'?; Matsuda, Mayumi?; Marui, Shuri2; Ozaki, Makoto’;
Nagashima, Kei234('Dept. Anesthesiol, Tokyo Women's Med Univ, Tokyo,

Japan, *Body Temp. Fluid Lab., Fac. Human Sci., Waseda Univ, Japan, ’IABS,
Waseda Univ., Japan, *‘GCOE ActiveLife, Waseda Univ., Japan)

Aim Homeothermic animals have synchronized circadian rhythms of
body temperature and sleep-wake pattern. Fasting and extreme am-
bient condition modulate body temperature and sleep-wake pattern;
however, we do not know how the relationship of the two rhythms is
affected in such conditions. Therefore, the present study aimed to
clarify the relationship during fasting and cold in mice.

Methods Male ICR mice (age, 2-4 m) housed at 27°C with a lighting
cycle of 12:12 h (lights-on, 7 am) were used. Using a radio transmitter
device, body temperature (T,), EEG , EMG and spontaneous activity
was obtained. Mice were exposed to 20°C or 27°C for 30-h with or
without food deprivation.

Results T decreased at fasting at 27°C by 1.0+ 0.2°C and 0.9 + 0.2°C
in the light and dark phases compared with feeding at 27°C, respec-
tively. At 20°C exposure, the reductions were disappeared (0.1 = 0.1°C
and 0.1 £ 0.1°C); however augmented at fasting condition (1.5 = 0.2°C
and 2.2 * 0.2°C). Fasting condition at 27°C, total sleep time did not
change; however, both feeding and fasting at 20°C cold condition, total
sleep time decreased in both phases. In all conditions, ultradian rhythms
of the body temperature in the light phase were well correlated to
wake-sleep pattern.

Conclusion Cold and fasting modulates both rhythms of sleep and T,
but did not affect synchronized ultradian rhythms of T, and wake-sleep.
No COL

5HT1A receptors in orexin neurons play an important
role in regulation of sleep/wake behavior

Saito, Yuki'; Etori, Keishi'; Tsujino, Natsuko®, Abe, Manabu?,
Sakimura, Keniji2; Sakurai, Takeshi'('Dept. Molecular Neuroscience and
Integrative Physiology, Univ. of Kanazawa, Ishikawa, Japan, *Dept. Cellular
Neurobiol, Brain Research Institute, Univ. of Nligata, Nligata, Japan, *International
Institute for Integrative Sleep Medicine,Univ. of Tsukuba, Ibaraki, Japan)

Orexin A and orexin B are lateral hypothalamic neuropeptides. A
series of studies have suggested that orexin-deficiency causes narco-
lepsy in humans and other mammalian species, highlighting roles of
this hypothalamic neuropeptide in the regulation of sleep and wake-
fulness. Orexins were shown to have a strong excitatory influence on
serotonergic neurons in the raphe nuclei through both orexin 1 and
orexin 2 receptors. Conversely, orexin neurons receive abundant input
from the serotonergic neurons in the raphe nuclei. We also found se-
rotonin potently inhibited orexin neurons through SHT1A receptors,
implying the negative feedback regulation. This linkage might play an
important role in the regulation of sleep/wakefulness. To evaluate this
hypothesis, we generated mice in which orexin neurons specifically
lack expression of 5SHT1A receptors utilizing Cre-loxP mediated dele-
tion of 5SHT1A gene. Histological studies showed specific disruption of
5HT1A receptor expression in orexin neurons. We examined sleep/
wake characteristics of these mice, and found that these mice exhib-
ited several abnormality in sleep/wake architecture, including severe
fragmentation of sleep states. This observation suggests that seroto-
nergic inhibitory regulation of orexin neurons play an important role
in normal maintenance of sleep/wake behavior. No COI.

Serotonin is possibly involved in the anorexigenic and
anti-depressant effects of estrogen in rats
Nishimura, Yuri; Mabuchi, Kaori; Morimoto, Keiko;

Takamata, Akira(Department of Environmental Health, Nara Women's
University, Nara, Japan)

Estrogen attenuates food intake and enhances c-Fos expression in the
suprachiasmatic nucleus (SCN) specifically during the light phase in
ovariectomized rats. In addition to the anorexigenic effect, estrogen
reportedly has antidepressant effects. Serotonin is one of the agents
regulating circadian rhythm responding to light and controlling food
intake, and serotonin deficiency is a pathogenesis of depression. To
test the hypothesis that serotonin mediates anorexigenic and antide-
pressant effects of estrogen, we examined the effect of selective sero-
tonin reuptake inhibitor, fluoxetine (FLX) administration on food intake,
depression-like behavior and c-Fos expression in the SCN. Rats were
ovariectomized and implanted either with estradiol (E2) or cholesterol
(Veh) containing silicon tubing and after surgical recovery, were ad-
ministrated with FLX or saline at the beginning of the light phase and
the dark phase for 10 days. FLX attenuated food intake specifically
during the light phase in the both groups, and reduced depression-like
behaviors in forced swim test in the Veh-group (on 7th day of admin-
istration of FLX), and increased c-Fos like immunoreactive cells in the
SCN specifically during the light phase only in the Veh-group. These
suggest that serotonin is a candidate mediating the anorexigenic and
antidepressant effects of estrogen in a photo stimulation dependent
manner. No COL

Prolonged Bioluminescence Monitoring in Mouse ex
vivo Bone Culture Revealed Persistent Circadian
Rhythms in Articular and Epiphyseal Cartilages
Minami, Yoichi'#; Okubo, Naoki'2?; Kubo, Toshikazu??; Yagita,
Kazuhiro' (' Department of Physiology and Systems Bioscience, Kyoto Prefectural
University of Medicine, Kyoto, Japan, *Department of Musculoskeletal
Chronobiology, Graduate School of Medical Science, Kyoto Prefectural University of

Medicine, Kyoto, Japan, *Department of Orthopaedics, Graduate School of Medical
Science, Kyoto Prefectural University of Medicine, Kyoto, Japan)

The bone is a metabolically active organ which undergoes repeated
remodeling cycles of bone resorption and formation. In this study, we
revealed a robust and extremely long-lasting circadian rhythm in ex
vivo culture maintained for over nine months from the femoral bone
of a PERIOD2M¢iferase mouse. Furthermore, we also identified robust
circadian clocks in flat bones. High- or low-magnification real-time
bioluminescence microscopic imaging revealed that the robust circa-
dian rhythms emanated from the articular cartilage and the epiphy-
seal cartilage within the growth plate of juvenile animals. Stimulation
by forskolin or dexamethasone treatment caused type 0 phase resetting,
indicating canonical entraining properties of the bone clock. Together,
our findings from long-term ex vivo culture revealed that “tissue-au-
tonomous” circadian rhythm in the articular cartilage and the growth
plate of femoral bone functions for several months even in an organ
culture condition, and provided a useful in vitro assay system investi-
gating the role of the biological clock in bone formation or development.
No COL
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Stability of whole-body rhythmic movement is en-
hanced by self-vocalization

Miyata, Kohei; Kudo, Kazutoshi(Department of Life Science, Graduate
School of Arts and Sciences, University of Tokyo, Tokyo, Japan)

It has been reported that human rhythmic movement are stabilized
by being entrained to rhythmic auditory cue. In previous research,
rhythmic auditory cues have often been generated by external device
such as a metronome. On the other hand, we can generate rhythmic
auditory cue by self-vocalization. Using self-vocalization instead of
external auditory cue, in principle, a variety of rhythmic movement
can be stabilized by being entrained to self-voice. Therefore, we inves-
tigated whether entrainment occurs between self-vocalization and
whole-body rhythmic movement, and the stability of whole-body move-
ment. The voice rate ranged from 80 to 180 beats per minutes (bpm)
in steps of 50 bpm, and in one trial one voice rate was produced.
Whole-body rhythmic movements were two kinds of knee bending
movement: knee-flexion-on-the-voice and knee-extension-on-the-voice.
At higher voice rate, entrainment between knee-flexion and vocaliza-
tion was observed. The variability of knee movement interval under
the vocalization coordination was less than under the non-vocalization.
We revealed the entrainment between vocalization and whole-body
movement, and the stability of whole-body movement caused by
self-vocalization. These findings indicate that auditory-motor entrain-
ment occurs regardless of the sources of auditory information (i.e.,
external or internal), suggesting that the neural pathway underlying
the entrainment between rhythmic movement and external auditory
cue can also be activated by self-vocalization. No COL

Acetaldehyde induces thirst sensation in hangover
Ujihara, Izumi'2; Hitomi, Suzuro'; Ono, Kentaro';

Kakinoki, Yasuaki?, Inenaga, Kiyotoshi'(!Div. Physiol., Kyyushu Dental
Univ., Kitakyushu, Fukuoka, Japan, *Div. Physiol., Kyushu Dental Univ.,
Kitakyushu, Fukuoka, Japan)

In hangover, people experience heavy thirst. The metabolite of EtOH
acetaldehyde (ACD) has never been considered to be a thirst inducing
factor in hangover. Recent studies show that ACD activates mast cells
and elicits renin release. We hypothesized that ACD is a factor induc-
ing thirst sensation in hangover. Male Wistar rats were used in the
present study. EtOH significantly increased water intake. Coadminis-
tration of the ACD dehydrogenase inhibitor cyanamde with EtOH
increased both water and salt intake further and earlier. ACD with
cyanamide more rapidly elicited water and salt intake. Urination was
less found in the early stage even in the administration of ACD and
cyanamide. When allowed to drink water and salt solution, urine volume
was increased only after drinking, suggesting that urination is not a
main trigger for initiation of drinking behavior. The elicited water and
salt intake were suppressed by intraperitoneal and intracerebroven-
tricular injections of AT1 antagonist candesartan. The drinking be-
havior was also suppressed by the mast cell membrane inhibitors
cromolyn and doxantrazole. Immunohistochemical study showed that
EtOH (and ACD) increased the number of c-Fos immunopositive
neurons in the brain regions of thirst center. Taken together, thirst
sensation in hangover of alcohol may be induced through renin secre-
tion from mast cells and AT1 receptor activation of neurons in the
thirst center of the brain in rats. No COL

Orexin receptors are involved in establishing cued
and contextual fear memory.

Kojima, Naoki; Soya, Shingo; Sakurai, Takeshi(Dept. Molecular
Neuroscience and Integrative Physiology, Univ. of Kanazawa, Ishikawa, Japan)

Orexins are neuropeptides which play important roles in regulating
sleep/wakefulness, energy homeostasis, feeding behavior, and reward
system. To know whether orexin receptor 1 (OX1R) and 2 (OX2R) are
implicated in establishing cued and contextual fear memory, we ex-
amined phenotypes of orexin receptor double knockout mice (OXRD-
KO), and prepro-orexin knockout mice (pOXKO) using cued and con-
textual fear conditioning test. We found that OXRDKO and pOXKO
mice showed much lower freezing time than that of OX1R and OX2R
single knockout mice in both conditioning and test period of cued and
contextual fear. These data suggest that cued and contextual fear
memory require OX1R and OX2R function. To further decipher the
mechanisms by which orexin receptors contribute to the fear memory
consolidation, we examined freezing behavior of C57BL6] mice in cued
and contextual fear conditioning with pharmacological blockade of
orexin receptors. We injected suvorexant lhour before the test period
of cued and contextual fear conditioning. Acute blockade of orexin
receptors using suvorexant reduced freezing behavior in test period
of cued and contextual fear conditioning to levels comparable to that
of OXRDKO and pOXKO. These observations suggest that orexin
signaling play an important role in cued and contextual fear memory
consolidation after the training period. No COL

Circadian rhythms and the effect of glucocorticoids
on clock gene Period2 expression in mouse nasal mu-
cosa

Honma, Aya'?; Nakamaru, Yuiji'; Fukuda, Satoshi';

Honma, Ken-ichi?; Honma, Sato?('Department of Otolaryngology-Head and
Neck Surgery, Hokkaido University Graduate School of Medicine, Sapporo, Japan,
*Department of Chronomedicine, Hokkaido University Graduate School of Medicine,
Sapporo, Japan)

The symptoms of allergic rhinitis (AR) show marked circadian chang-
es, becoming worse in the early morning. Yet, no information is so far
available as to the clock mechanisms in the nasal mucosa. Intranasal
application of glucocorticoids is widely used as topical treatment of
AR without knowing the effects on the nasal clock. In the present
experiment, we investigated the clock functions in the mouse nasal
mucosa and the effects of Dexamethasone (DEX).

We cultured nasal mucosa of adult male PER2:LUC knock-in mice and
measured bioluminescence levels more than 2 weeks. In addition,
100nM DEX was applied for 2 hours on the 5th day of culture at 4
different circadian phases.

Mouse nasal mucosa exhibited a robust circadian rhythm in PER2
levels with the peak in the early subjective night. DEX phase-de-
pendently phase shifted circadian rhythms of nasal mucosa, with the
maximal phase delay at subjective dusk and the maximal advances at
middle of subjective night. Our results demonstrated the autonomic
circadian rhythms in the nasal mucosa for the first time. Since the
phase-shifts due solely to DEX were observed at the phase when the
serum glucocorticoids level is relatively high, the results suggest that
endogenous glucocorticoids control the peripheral oscillator of mouse
nasal mucosa. No COL
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Effect of mental task on taste perception and prefer-
ence, and its relationship with daily eating behavior in
young females.

Someya, Nami'; Kudo, Fumiyo'; Kashima, Hideaki?;

Fukuba, Yoshiyuki2(!Chiba Prefectural University of Health Sciences, Chiba,
Japan, *Prefectural University of Hiroshima, Hiroshima, Japan)

It was reported that restrained eaters who intentionally restrict food
intake to maintain or lose weight consumed more energy under stress-
ful conditions. We tested the hypothesis that taste perception and
preference were affected by both mental task and daily eating behav-
ior. Twenty-seven females (18-22 yr, BMI 20.3 + 0.3) participated in
this study. Individual eating behavior was assessed by the Japanese
version of the Dutch Eating Behavior Questionnaire (DEBQ). The
subjects performed Stroop color-word test (CWT) as a mental task.
Before and after the CWT, sweet taste recognition threshold was
measured using different concentration of sucrose solutions (0.2-100
mM), and perceived intensity of sweet taste of and preference for 200
mM sucrose solution, perceived stress and appetite were evaluated
using visual analog scale. These measurements were also performed
before and after resting as control trial. The CWT increased perceived
stress and appetite. Sweet taste recognition threshold was decreased
and perceived intensity of sweet taste was increased after the resting,
but these were not changed in the CWT trial. Sweet taste preference
did not change in both trials. Individual change in the sweet taste
preference from before to after the CWT was negatively correlated
with the score of the restraint eating scale of the DEBQ. These results
suggested that sweet taste perception and preference could be mod-
ulated by both mental task and daily eating behavior. No COL

Genetic differences in glutamate appetite in mice de-
pend on vagus-mediated postingestive effects of glu-
tamate

Kitamura, Akihiko'?; Inoue, Masashi', Theodore M Nelson’;

Maria L Theodorides'; Alexander A Bachmanov'(!Monell Chemical
Senses Center, Philadelphia, PA, USA, Institute for Innovation, Ajinomoto Co.,

Inc., Kawasaki, Japan, > Lab of Cellular Neurobiol, Sch of Life Sci, Tokyo Univ of
Pharm and Life Sci, Hachioji, Japan)

L-glutamate (Glu) is widely used as a flavor supplement (as monosodi-
um Glu, MSG). Glu elicits umami taste sensation, and ingested Glu
evokes multiple physiological responses. Therefore, ingestive behavior
towards Glu can be influenced by both its sensory and postingestive
effects. The purpose of this study was to understand the mechanism
of Glu appetite. In our survey of 28 inbred mouse strains, we found
that mice from the C57BL/6By] and 129P3/] strains had large differ-
ences in voluntary MSG consumption. To develop a better model for
genetic and physiological studies of Glu appetite, we had intercrossed
these strains and then used selective breeding to produce mouse strains
with high and low MSG intake (MSG-H and MSG-L, respectively).
After 14 generations of selective breeding, MSG-H mice drink 6 times
more 300 mM MSG than MSG-L mice. We used MSG-H and MSG-L
mice to examine 1) neural taste responses to amino acids and other
tastants, 2) behavioral responses to MSG in brief-access tests of naive
and MSG-exposed mice, 3) blood glucose after MSG gavage, 4) effect
of vagotomy on MSG consumption in preference tests, and 5) flavor
preferences conditioned by oral MSG. We found that strain differenc-
es in MSG intake most likely depend on postingestive effects mediated
by the vagus nerve. These data support the role of the vagus afferent
nerve pathway in Glu appetite. No COL

Calming responses during maternal carrying in human
infants and mouse pups: comparative and ontogenic
analyses

Yoshida, Sachine’?; Esposito, Gianluca?;

Kuroda, Kumi O2('Laboratory of Neuroendocrinology, Faculty of Medicine,

University of Tsukuba, Tsukuba, Japan, *Unit for Affiliative Social Behavior, RIKEN
Brain Science Institute, Wako, Japan)

Mother-infant bonding is the earliest and most critical social relationship
of mammalian infants. To promote this bond, infants have innate be-
haviors to seek maternal proximity. However, the physiological mech-
anisms underlying these infant behaviors remain largely undefined.
Here we show a novel set of infant cooperative responses during
maternal carrying. Infants carried by a walking mother immediately
stopped voluntary movement and crying and exhibited a rapid heart
rate decrease, compared with those held by a sitting mother. Further-
more, we identified similar responses in mouse pups as defined by
immobility and diminished ultrasonic vocalizations and heart rate.
Using mouse pups, we found the upstream and downstream neural
systems regulating the calming response. Somatosensory and proprio-
ceptive input signaling are required for induction, and parasympathet-
ic and cerebellar functions mediate cardiac and motor output, respec-
tively. Ontogenic analyses revealed that the calming response occurred
within a specific postnatal time window. In addition, pups showed an
increased pain tolerance during the calming response. The loss of the
calming response hindered maternal rescue of pups, suggesting a
functional significance for this response. These findings collectively
indicate that the infant calming response is a coordinated set of central,
motor, and cardiac regulations and is a conserved component of mam-
malian mother-infant interactions. No COL

CIN85 regulates child-rearing behaviors through do-
pamine-prolactin signaling in the brain
Shimokawa, Noriaki; Sairenji, Taku; Takanashi, Yurie;

Masuda, Shinosuke; Koibuchi, Noriyuki(Department of Integrative
Physiology, Gunma University Graduate School of Medicine, Gunma, Japan)

Cbl-interacting protein of 85 kDa (CIN85) is a scaffold/multi-adaptor
protein implicated in the regulation of receptor endocytosis and the
cellular cytoskeleton. Recently, we reported that mice deficient of
CIN85 expression show hyperactive phenotypes. As a molecular ex-
planation of this phenotype, the absence of striatal CIN85 causes de-
creased dopamine receptor endocytosis in striatal neurons in response
to dopamine stimulation.We show here another phenotype besides the
hyperactivity of CIN85 knockout (KO) mice that of maternal neglect
to her newborns. Even though there is no difference in the number of
live births from CIN85 KO homozygote, heterozygote and wild-type
mothers, respectively, almost all pups born to CIN85 KO homozygote
mothers have died within two days of birth. This could be explained
by the fact that CIN85 KO mothers showed significantly decreased
arched-back nursing, a kind of maternal behavior, and newborn pups
from CIN85 KO mothers were often found scattered within the bedding.
Importantly, when measuring the plasma levels of prolactin (PRL), we
detected significantly decreased PRL levels in CIN85 KO mice com-
pared to heterozygote and wild-type mice. PRL injection in CIN85 KO
mice could however partially rescue the defect in maternal behavior
of the next generation. Our findings indicate an important role of CIN85
in the regulation of the dopamine-PRL system in the brain and provide
new insight into a molecular explanation for maternal behavior. No
COL
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Pathophysiological basis of maternal neglect in Cac-
nala mutant rats
Kawakami, Nozomi; Ohmori, lori; Kobayashi, Kiyoka; Michiue,

Hiroyuki; Nishiki, Teiichi; Matsui, Hideki(Department of Physiology,
University of Okayama, Okayama, Japan)

Cacnala gene encodes the P/Q-type voltage-gated calcium channel
pore-forming al subunit. Groggy rat (GRY/Idr) with M251K missense
mutation in Cacnala gene has absence epilepsy and cerebellar ataxia.
We noticed that groggy mother rats often failed to raise up pups.
However, problems of maternal behaviors in Cacnala mutant rat were
largely unknown. We aim to clarify the pathophysiological basis of
maternal neglect and attachment disorder in groggy rats. We com-
pared maternal behaviors and the attachment behaviors of the pups
with wild type, heterozygous, and homozygous rats. Assessment of
the maternal behaviors includes nest building, retrieving the pups to
the nest and time in licking the pups clean. To evaluate the attachment
behaviors of the pups, ultrasonic vocalizations at 50 kHz in infant rats
at 9 days was measured by UltraVox (Noldus). Ultrasonic vocalizations
are recorded when an infant rat is isolated from mother and the second
isolation. Female homozygous GRY/Idr rats showed failure of the nest
building, decreased number of the survival of pups, prolonged retriev-
al latency and short licking duration. Infant heterozygous GRY/Idr
rats exhibited significantly lower frequency of the vocalization in the
first and the second isolation from mother as compared to wild type.
Our results suggested that Cacnala mutation may related to insufficient
maternal behaviors and attachment disorder in pups. No COL

Neurodevelopmental disorder like behaviors in Cac-
nala mutant rats

Kobayashi, Kiyoka; Kitagawa, Yuichiro; Ohmori, lori; Michiue,
Hiroyuki; Nishiki, Tei-ichi; Matsui, Hideki(Department of Physiology,
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama
University, Okayama, Japan)

Voltage-gated calcium channel, CACNAIA mutations have linked to
absence seizures, cerebellar ataxia, learning disability, and hemiplegic
migraine in human. Rats with M251K missense mutation in Cacnala
(GRY/Idr) also have absence seizures and cerebellar ataxia. In this
study, we aim to elucidate that whether GRY /Idr rats have neurode-
velopmental disorder like behaviors and how its pathological mecha-
nism. To assess neurodevelopmental disorder like behaviors, we
performed open field test, elevated plus maze, Barnes maze test, three
chamber test and novel object test. Heterozygous rats with Cacnala
mutation (GRYw/+) and wild type rats (WT) were examined from 5
to 9 weeks of age. We confirmed there was no difference of locomotor
activity between GRYw/+ and WT in open field test. Histological as-
sessment was undertaken at 8 weeks of age. Striatum, nucleus ac-
cumbens, midbrain and frontal cortex regions were dissected and
regional concentration of 5-HT were measured by high-performance
liquid chromatography. GRYw/+ rats showed less anxious-like behav-
ior, learning disability and cognitive inflexibility with statistical signif-
icance. These results agreed with symptom in part of neurodevelop-
mental disorders which was observed in patients with CACNAIA
mutations. The concentration of 5-HT of some regions in homozygous
GRY +/+ rats were significantly lower than those of WT. Neurode-
velopmental disorder like behaviors in GRY rats can be caused by low
level of 5-HT in the brain. No COL

Poster Presentations
Neurochemistry

Upregulation of leukemia inhibitory factor (LIF) during
zebrafish optic nerve regeneration

Ogai, Kazuhiro'?; Sugitani, Kayo'; Koriyama, Yoshiki'; Kato,
Satoru'('Dept. Mol. Neurobiol. Faculty Med. Inst. Med. Pharm. Health Sci.

Kanazawa Univ. Ishikawa, Japan, *Wellness Promotion Science Center, Inst. Med.
Pharm. Health Sci. Kanazawa Univ. Ishikawa, Japan)

Fish retinal ganglion cells (RGCs) can regenerate their axons following
optic nerve injury, whereas mammalian RGCs fail to survive. Leukemia
inhibitory factor (LIF), which had been originally discovered as a dif-
ferentiation factor of myeloid cells, has been now recognized as having
versatile functions such as an effect on axonal regeneration. These
findings encouraged us to investigate the function of LIF on zebrafish
optic nerve regeneration. LIF mRNA expression was studied by RT-
PCR and i situ hybridization, and revealed to be upregulated in 1-5
days post-injury (dpi) in the RGCs. Immunohistochemistry and western
blotting against LIF also revealed the increase of LIF protein at 3 dpi
in the RGCs. Next we investigated the activation of STAT3, the down-
stream molecule of LIF. As expected, STAT3 was activated in 3-5 dpi
in the RGCs. To determine whether the activation of STAT3 was di-
rectly evoked by LIF, we employed a LIF-specific morpholino to
knockdown the expression of LIF in the RGCs. As a result of LIF
knockdown, STAT3 activation was cancelled, implying that LIF does
activate STAT3 pathway after injury. In addition, LIF knockdown
impaired neurite sprouting from retinal explants iz vitro, decreased
GAP-43 expression, narrowed the optic tract width and undermined
the visual function recovery after nerve injury iz vivoe. All told, LIF is
an indispensable factor for establishment of optic nerve regeneration
in adult zebrafish. No COL
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The functional study of Neuroglobin under oxidative
stress in mouse retina.

Sugitani, Kayo'; Sera, Mayuko?®; Ogai, Kazuhiro'?;

Koriyama, Yoshiki?; Wakasugi, Keisuke*; Kato, Satoru?('Div. Health
Sci., Grad. Sch. Med., Kanazawa Univ. Japan, *Dept. Mol. Neurobiol., Grad. Sch.
Med., Kanazawa Univ. Japan, 3 Dept Clin Drug Info, Faculty of Pharm, Inst Med
Pharm Health Sci, Kanazawa Univ. Japan, *Dept. Life Sci., Grad. Sch. Arts and Sci.,
Tokyo Univ., Japan)

Neuroglobin (Ngb) was identified as a new member of heme proteins
which is expressed at high concentrations in central nervous system
neurons. Recent studies have shown that mammalian Ngb is involved
in neuroprotection under various oxidative stress, such as ischemia
and reperfusion insults. In RGC-5 cells, murine retinal precursor cells,
overexpression of Ngb enhanced cell viability in culture compared to
mock control under hypoxic stress conditions. Addition of 100-500 uM
cinnamic acid, a potent inducer of Ngb, increased cell viability more
than two-folds under hypoxic conditions. These data suggest that Ngb
promotes neuronal protection and cell survival under oxidative stress.
Following mouse optic nerve injury, Ngb clearly decreased from ret-
inal ganglion cells (RGCs) within several days and most of RGCs un-
derwent apoptosis. In contrast to mouse, zebrafish (zf) RGCs can
survive after optic nerve injury and Ngb significantly increased in
damaged zf retina. To investigate the role of Ngb, we made chimeric
ZHHH Ngb protein in which module M1 of human Ngb is replaced by
that of zebrafish. The addition of ZHHH Ngb protein induced neurite
outgrowth in RGC-5 cell cultures. These data suggest that Ngb pro-
motes cell survival and neurite outgrowth iz vitro. No COL

Functional characterization of Ftsj1, a X-linked men-
tal retardation-related gene
Nagayoshi, Yu; Wei, Fan-Yan; Kaitsuka, Taku;

Tomizawa, Kazuhito(Kumamoto University, Faculty of Life Sciences,
Department of Molecular Physiology)

Genetic mutations in X chromosome-linked genes have been associat-
ed with mental retardation (XLMR). Recently, linkage analyses per-
formed in Belgian, Chinese and Japanese families have identified FTS]J1
gene as a novel candidate gene. FTS]J1 shares homology with a bac-
terial 23S rRNA methyltransferase Ftsj. However, the molecular func-
tion of FTSJ1 and its pathological relevance in mental retardation have
remained unknown. To understand the molecular mechanism of XLMR,
we have generated FTSJ1 knockout (FTSJ1 KO) mice, and investigat-
ed the neurophysiological impacts. While the FTSJ1 KO mouse devel-
oped normally, we observed a decreased protein synthesis level in
METF cells derived from KO mice. There was a marked dysregulation
of synaptic proteins including glutamate receptors and signaling mol-
ecules. Furthermore, there was an increase of immature dentric spines
in cortical, striatal and hippocampal neurons. There results suggest
that loss of FTSJ1 might have a profound impact on the neuronal
activity due to dysregulation of protein synthesis in neurons. No COL

Mechanical hyperalgesia induced by repeated cold
stress in SHRSP5/Dmcr rats: PCR-based cDNA sub-
traction analysis for peripheral expression changes in
pain related genes

Kozaki, Yasuko'; Umetsu, Rena'; Mizukami, Yukako';

Yamamura, Aya'; Kitamori, Kazuya?®('College of Pharmacy, Kinjo Gakuin

University, Nagoya, Japan, *College of Human Life and Environment, Kinjo Gakuin
University, Nagoya, Japan)

Repeated cold stress (RCS) is known to transiently induce autonomic
imbalance associated with hypotension and hyperalgesia. In this study,
we investigated the effects of RCS on the thresholds for cutaneous
mechanical pain responses and on peripheral expression of “pain re-
lated genes” in SHRSP5/Dmcr (Arteriolipidosis-prone, AL) rats. AL
rat is derived from stroke-prone spontaneously hypertensive rats,
therefore it is considered to be sympathicotonia. RCS was given by
changing the environmental temperature from 24 to 4°C at 30 min
intervals during the day and 4°C at night for 2 days, and then 24°C
during the day and 4°C at night for 2 days. At immediately post-RCS,
the mechanical threshold was significantly decreased (p<0.001 vs
control by Student’s t-test). This hyperalgesia is thought to be caused
in part by hypofunction of descending pain inhibitory systems, we
confirmed increased expression of corticotropin-releasing hormone in
the hypothalamus (p<0.001). To determine the gene expression chang-
es accompanied by RCS in dorsal root ganglion cells (DRGs), we per-
formed PCR-based cDNA subtraction of mRNAs from DRGs. We de-
tected up-regulation of Tac 1 (substance P) and down-regulation of
S100al0 (annexin 2 light), CatB (cathepsin B), and Fstll (follistatin-like
1). At least some of these genes in DRG may play key roles to mechan-
ical hyperalgesia induced by RCS. [Research funds: KAKENHI
23590724] No COL.

Effects of environmental enrichment on a sensory-mo-
tor cortex in mice

Inoue, Mai'; Odagawa, Maya'; Honma, Chihiro’;

Yamada, Kazuyuki'; Akagi, Takumi'; Suzuki, Takayuki';

Murayama, Masanori'2('BSI, RIKEN, Saitama, Japan, *Tokyo Tech, Tokyo,
Japan)

Environmental enrichment (EE) is known to cause neuroplastic chang-
es in lower-order cortices (e.g., the primary sensory area, S1) of mice.
Mice raised in EE conditions (EE-mice) also show increased social
ability, as observed in a social interaction test. Because sociality is
largely based on higher brain functions, the increased sociality of EE-
mice suggests that EE induces neuroplastic changes not only in lower-
but also in higher-order cortices. Although some cellular mechanisms
have been proposed for EE-induced neuroplastic changes in lower-or-
der areas, the mechanisms underlying EE-induced changes in high-
er-order areas are unknown. Our aim was to examine the effects of
EE on neuroplasticity in a lower- and a higher-order cortex. Here, we
specifically interested in a reciprocally connected sensory-motor circuit,
S1 and a secondary motor area, M2. To understand effects of EE of
the S1-M2 circuit, we raised 2-week-old mice in either EE condition or
normal environment (NE) for 3 weeks, and observed cortical activity
evoked by hindpaw stimulation using a voltage-sensitive dye. Neuronal
activity in M2 was significantly increased in EE-mice than in NE-mice,
suggesting plasticity in the M2 under EE conditions. To test this hy-
pothesis, we measured the numbers of neurons and synapses in EE- and
NE-mice using immunohistochemistry and transmission electron mi-
croscopy, respectively. Here, we report the differences in various
physiological and anatomical parameters between EE- and NE-mice.
No COL
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The neuroprotective effects of a novel nucleoside an-
alogue (2CI-C.OXT-A) on intracerebral hemorrhage
Lu, Feng'; Okabe, Naohiko'; Himi, Naoyuki';

Nakamura-Maruyama, Emi'; Shiromoto, Takashi'; Narita, kazuhiko’;
Tsukamoto, lkuko? Maruyama, Tokumi®; Sakakibara, Norikazu?;
Miyamoto, Osamu’(*The Second Department of Physiology, Kawasaki Medical
School, *Department of Pharmaco-Bio-Informatics, Faculty of Medicine, Kagawa
University, Kagawa, Japan, *Kagawa School of Pharmaceutical Sciences, Tokushima
Bunri University, Kagawa, Japan)

2CI-C.OXT-A (COA-Cl) is a novel synthesized nucleoside analogue with
the molecular weight of284. It is soluble, stable and easy to synthesize.
It has been reported that COA-Cl enhancesangiogenesis in human
umbilical endothelial cells (HUVEC). The previous study in our lab
showedthe neuroprotective effects of COA-Cl on ischemia stroke by
reducing infarct volume and attenuating the behavioral deficits. The
purpose of the present study is to evaluate the neuroprotective effect
of COA-Cl on intracerebral hemorrhage (ICH), another common type
of stroke, and investigate the potential mechanism of action.
Sprague-Dawley (SD) rats were used for this study, and the ICH
models were performed by the injection of autologous blood into the
right basal ganglia. COA-Cl was injected intracerebroventricularly
10min after ICH with a dosage at 30ug/kg. We examined brain edema
lday after ICH by water content test, and evaluated the behavioral
deficits using forelimb placing and corner turn test. COA-Cl signifi-
cantly reduced the brain edema lday after ICH and improved the
behavioral deficits in the acute phase of ICH. Our reults indicated that
COA-Cl may have a neuroprotective effect on ICH, and it may provide
a new therapeutic approach for treating hemorrhagic stroke. No COL

Quantification of brain dopamine and amino acids
with high resolution mass spectrometry using novel
stable isotope labeled reagent.

Narita, Kazumi(Department of Integrative Physiology, Faculty of Medicine,
University of Fukui, Fukui, Japan)

We invented a pyrylium-based labeling reagent (PyII) for mass spec-
trometry. This agent interacts with primary amines, such as catechol-
amine, amino acid and lysine residue in peptides. Even number of
stable isotope 13C between 0 and 12 are replaced in the PyIl. Thus
there are seven kinds of Pyl reagent of different mass, we are able
to analyze seven samples simultaneously. After labeling individually,
each sample is pooled and assayed by nano LCMS system. Though
labeled amines derived from different samples have different mass by
2006 dalton, these labeled amine share same chromatographic prop-
erties, allowing both amine identification and quantification to be de-
rived from the same MS spectrum. The principal advantage of PyIl
over other labeling agent for mass spectrometric analysis is that
seven samples can be analyzed simultaneously and that Pyll and la-
beled amine are quite stable in water, thereby allowing for biological
application.In this study, using the combination PyII with nano LCMS
system, dopamine and GABA are analyzed in nano litter volume of
section from rat brain. After fixing the rat brain by microwave, 30
micrometer-thick section were made by frozen microtome. Five hun-
dred micrometer square of tissues, i.e. 7.5 nl, for dopamine analysis and
100 micrometer square, i.e. 0.3 nl, for GABA analysis were dismounted
by laser microdissection. After labeled with PyIl reagent, dopamine
and GABA in the tissue were quantified and mapped in the brain
atlas. No COL

Relevance of RISE (Repetitive LTP-Induced Synaptic
Enhancement) to memory consolidation in vivo.
Nagaoka, Shogo; Urakubo, Tomoyoshi; Tominaga-Yoshino, Keiko;

Ogura, Akihiko(Graduate School of Frontier Biosciences, Osaka University,
Osaka, Japan)

Memory is consolidated after acquisition, by the structural changes of
neurons including formation of new synapses. In the stable slice cul-
tures of the rodent hippocampus, we previously reported that the
repeated induction of LTP led to a long-lasting synaptic enhancement
coupled with new synapse formation. We named this phenomenon
RISE. Assuming RISE as an in vitro representation of memory con-
solidation in the brain in vivo, we are analyzing it to reveal cellular
mechanisms underlying the consolidation. In this study we tried to
obtain support for this assumption. We found that the Ca**-permeable
AMPA receptors (CP-AMPARS) are transiently expressed during RISE
development and the blockade of CP-AMPAR abolished RISE estab-
lishment. Making use of these facts, we administered a CP-AMPAR
blocker (JSTX; Joro-Spider Toxin) to the mice during contextual fear
conditioning. Intracerebroventicular injection of JSTX before or in the
day of conditioning showed no effect in the mice's freezing response
as assayed 1d after the injection. However, the injection 1d after con-
ditioning significantly interfered with the freezing response as assayed
1d after injection. These results support the assumption mentioned
above that RISE is relevant to the memory consolidation in vivo. No
COL

Differential role of kinase activity of Ca?*/calmod-
ulin-dependent protein kinase lla in hippocampus-
and amygdala-dependent memory

Yamagata, Yoko'?; Yanagawa, Yuchio®; Imoto, Keiji'2('Natl Inst

Physiol Sci, Okazaki, Japan, 2.SOKENDAI, Okazaki, Japan, *Gunma Univ Grad Sch
Med, Maebashi, Japan)

Ca*"/calmodulin-dependent protein kinase Ila (CaMKIIa) is one of the
most abundant protein kinases in the central nervous system, and is
thought to be a key mediator for hippocampal synaptic plasticity. To
examine whether CaMKIlIa is similarly involved in amygdala-dependent
memory, just as in hippocampus-dependent memory, we made use of
our kinase-dead knock-in mouse of CaMKIIa (CaMKIIa-KI) in fear
conditioning, in which contextual memory is both hippocampus- and
amygdala-dependent, whereas cued memory is amygdala-dependent,
but not hippocampus-dependent. After receiving one pairing of tone
and footshock, wild-type (WT) mice showed distinct contextual (con-
text-dependent) and cued (tone-dependent) fear memory. On the other
hand, homozygous CaMKIIa-KI mice showed no contextual memory,
but cued memory was formed to a certain extent. When intense train-
ing was performed, CaMKIIa-KI mice showed increased fear not only
in the conditioning chamber, but also in a completely different chamber,
indicating that they could not discriminate contextual difference, while
WT mice could. Cued memory was evident in CaMKIIa-KI mice, al-
though to a lesser extent than in WT mice. Combined with biochem-
ical analyses, these results indicate that kinase activity of CaMKIIa is
differentially involved in hippocampus- and amygdala-dependent mem-
ory.

Supported by Grants-in-Aid for Scientific Research <KAKENHI> from
Japan Society for the Promotion of Science, JAPAN (#22500301). No
COL
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Poster Presentations
Autonomic Nervous Systems (1)

Roles of GABAergic and glutamatergic neurons in the
tachycardia caused by activating forebrain beta adre-
noceptors

Yamaguchi, Ken'ichi; lwasawa, Takahiro;

Umeda, Kazuyoshi(Department of Homeostatic Regulation and Development,
Niigata University Graduate School of Medical and Dental Sciences, Niigata, Japan)

We previously reported that beta adrenoceptor (B-ADR) activation in
different brain regions elevates heart rate (HR), at least in part, by
potentiating sympathetic activity. However, it is not clear how activa-
tion of B-ADRs may excite the cerebral mechanism involved in stim-
ulating sympathetic neurons in the spinal cord. This study aimed to
clarify roles of GABAergic and glutamatergic (Glu) neurons in the
tachycardia due to stimulation of B-ADRs in the anteroventral third
ventricular region (AV3V), because earlier data suggest pivotal con-
tribution of those neurons in controlling autonomic function. Experi-
ments were performed in conscious rats, monitoring both cardiovas-
cular and plasma variables. The following results were obtained: 1)
Stimulation of Glu receptors by AV3V applications of agonists caused
the tachycardia capable of being inhibited by those of antagonists. 2)
AV3V applications of a GABA agonist (Mus) did not alter HR, where-
as those of its antagonist evoked tachycardia capable of being blocked
by preapplications of Mus or Glu antagonists. 3) AV3V injections of a
B-ADR agonist isoproterenol caused tachycardia and rises in plasma
noradrenaline, without affecting blood pressure. Its tachycardic action
was inhibited by AV3V injections of Mus or a Glu antagonist or sys-
temic infusions with hexamethonium. These results suggest that acti-
vation of AV3V B-ADRs may cause tachycardia through inhibition of
local GABAergic neurons and excitation of Glu neurons. No COIL

Study of the re-activated endogenous microglia for
treatment of chronic spinal cord injury.

Hamanoue, Makoto'?; Ogata, Toru3; Nakajima, Kazuyuki4;
Takamatsu, Ken'2('Department of Physiology, Toho University School of
Medicine, Tokyo, Japan, *Div.Chronic Infla. Dis, Adv. Med. Res. Center, Toho
Univ. Sch. Med, *Dept. Rehab. for Mov. Func., Res. Inst., Natl. Rehab. Cent., *Dept.
Bioinfo., Facul. Engin., Soka Univ.)

After spinal cord injury (SCI), inflammatory cells and microglia play
major roles on maintaining local circumstances by secreting several
growth factors and by removing cell debris. After 1 week, microglial
activation, however, was reduced, and lost the activity for regeneration.
In this study, we investigate weather p38 MAP kinase (p38) could
re-activate resting microglia to remodel spinal cord structure after
chronic SCI. Stimulated microglia obtained from rat perinatal spinal
cord were stimulated by kinase-active (p38a) and kinase-dead (p38d)
recombinant p38 protein. After 16 h, Glial cell-line derived neurotroph-
ic factor (GDNF) and Vascular endothelial growth factor (VEGF) RNA
expression wad elevated by addition of p38a, but not by p38d. En-
hancement of protein expression of GDNF and VEGF and phagocytic
activity of microglia are also enhanced by the treatment of p38a, but
not by p38d. Furthermore, continuous p38 injection enhances CD68
and Ibal expression in the adult rat spinal cord slice culture. These
results suggest that resting microglia during chronic SCI can also be
re-activated by p38a protein as an extracellular stimulator. No COI

Erythropoietin released from astrocyte protects the
oligodendrocyte precursor cell against hypoxic and
reoxygenation injury

Aoyama, Mineyoshi'; Kato, Shin'2; Nagaya, Yoshiaki'?;

Tamura, Tetsuya'?; Kakita, Hiroki'?; Hida, Hideki?;

Asai, Kiyofumi'('Department of Molecular Neurobiology, Nagoya City
University Graduate School of Medical Sciences, Nagoya, Japan, *Department of
Pediatrics and Neonatology, Nagoya City University Graduate School of Medical
Sciences, Nagoya, Japan, *Department of Anesthesiology and Medical Crisis
Management, Nagoya City University Graduate School of Medical Sciences,
Nagoya, Japan, *Department of Neurophysiology and Brain Science, Nagoya City
University Graduate School of Medical Sciences, Nagoya, Japan)

The hypoxia responsive cytokine erythropoietin (EPO) provides neu-
roprotective effects in the damaged brain. The purpose of the present
study is to evaluate the EPO/EPO-receptor (EPOR) system between
astrocyte and oligodendrocyte precursor cell (OPC) under hypoxia. We
report elevated EPO mRNA levels and protein release in astrocytes
following hypoxic stimulation by RT-PCR and ELISA. Furthermore,
EPOR expressions were detected in OPCs by RT-PCR and cell stain-
ing. To evaluate the protective effect of EPO from astrocyte to OPC,
EPO/EPOR signaling was blocked by EPO siRNA or EPOR siRNA
gene silencing. The suppression of EPO production in astrocytes by
EPO siRNA decreased the protection to OPC against hypoxic stress.
OPC with EPOR siRNA had less cell survival after hypoxic/reoxygen-
ation injury. It suggested that EPO/EPOR signaling from astrocyte to
OPC could prevent OPC damage under hypoxic/reoxygenation con-
dition. Our present finding of the interaction between astrocytes and
OPCs may propose the new therapeutic approach to OPCs against
cellular stress and injury. No COL
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IGF-1 and phosphorylated S6 protein increase in up-
per motor neurons in zebrafish brain after spinal cord
injury.

Hisano, Suguru'; Ogai, Kazuhiro?; Mawatari, Kazuhiro?; Koriyama,
Yoshiki®, Sugitani, Kayo?; Kato, Satoru®('School of Health Sciences,
College of Medical, Pharmaceutical and Health Sciences, Kanazawa University,
Ishikawa, Japan, *Division of Health Science, Graduate School of Medical Science,

Kanazawa University, Ishikawa, Japan, *Department of Molecular Neurobiology,
Graduate School of Medical Science, Kanazawa University, Ishikawa, Japan)

Fish can regenerate its motor axons and regain locomotive function
after spinal cord injury (SCI). Motor neurons of adult zebrafish can be
classified into two: (1) upper motor neurons in the brainstem and (2)
lower motor neurons in the spinal cord. Upper motor neurons are
known to survive via Akt/ Bcl-2 pathway after SCI, but the mechanism
of axonal elongation is not well known. In fish optic nerve regeneration,
we have previously reported that insulin-like growth factor-1 (IGF-1)
induced neurite outgrowth and survival through Akt/ Bcl-2 pathway.
Therefore, we investigated the time course of expression of IGF-1 in
the upper motor neurons following SCI. IGF-1 increased at 1-3 days
post-injury (dpi). To find whether the mammalian target of rapamycin
(mTOR) pathway, known as a downstream molecule of IGF-1 and a
key to axonal elongation, is activated in axotomized upper motor
neurons, we performed an immunohistochemistry of phospho-S6 (p-S6)
protein, a resultant molecule of mTOR pathway activation.The p-S6 is
upregulated after SCI. Furthermore, Temusirolimus, the mTOR inhib-
itor, inhibited the axonal elongation of upper motor neurons in culture.
These data indicate the axonal elongation of upper motor neurons
induced by IGF-1 and mTOR pathway. No COL

Western blot analysis of tau phosphorylation on close-
ly-located phosphorylation sites.

Hashiguchi, Mitsuko'; HASHIGUCHI, TOSHIO2(' Department of
Physiology, School of Medicine, Tokyo Medical University, Tokyo, Japan, *Kuretake

College of Medical Arts and Sciences, Kuretake School of Integrative Medicine,
Saitama, Japan)

The immunoreactivity of AT8 had been known to express in the brains
of the early stage of Alzheimer’s disease patients. AT8 is used to vi-
sualize phosphorylated tau proteins in the neurofibrillary tangles. The
epitopes of AT8 consist of multiple phosphorylation of adjacent Ser/
Thr motifs, Ser199, Ser202, and Thr205. However the modulatory
mechanisms of AT8 epitopes have not been clarified. We are showing
phosphorylation mechanism for the ATS8 specific epitopes, especially
in C-terminal domain of Ser/Thr sites in vitro kinase reaction by the
multiple combinations of CDK5-35 or CDK5-p25, or, GSK3beta, sequen-
tial or simultaneous applications. Phosphorylation was analyzed by
Western blot (ATS, anti-phospho Ser202 tau antibody (pS202), pT205,
pS199, and pS199/202) and two dimensional phosphopeptide maps.
Even CDK5 and GSK3beta share their activity on phosphorylatable
sites, phosphorylation of AT8 epitopes was regulated by CDK5-p25
and the particular combinations of CDK5-p35 and GSK3beta. On the
other hand, we found protective regulation of AT8 epitopes. We will
also show the discrepancy of Western blot signal by anti phospho-tau
antibody, which recognizes a singly phosphorylated site. No COL

HPC-1/STX1A and STX1B contribute to regulation of
social behavior

Fujiwara, Tomonori'; Kofuji, Takefumi?; Mishima, Tatsuya’;
Akagawa, Kimio'(*Department of Cell Physiology, Kyorin University School of

Medicine, Mitaka, Tokyo, Japan, *Radio Isotope Laboratory, Kyorin University
School of Medicine, Mitaka Tokyo, Japan)

Two types of syntaxinl isoforms, HPC-1/syntaxinlA (STX1A) and
syntaxinlB (STXI1B), are expressed in neurons and regulate vesicle
exocytosis as t-SNAREs. Previously, we generated STX1A gene knock-
out mice and STX1B gene knockout mice. Interestingly, STX1A null
mutant mice (KO) normally developed, whereas STX1B KO were born
alive but dead within 14 days after birth. The studies for neuropsy-
chological properties revealed that STX1A KO showed autistic-like
behavioral abnormalities (Fujiwara et al 2010) and STX1B heterozygous
mutant mice (HT) showed schizophrenia-like behavioral abnormalities
(Fujiwara et al 2012).

In this study, we focused on the social behavior both in STX1A KO
and STX1B HT. We observed that STX1A KO exhibited impairment
of social discrimination (ISD), and STX1B HT showed social avoidance
behavior (SA) which is not observed in WT mice. In STX1A KO, ISD
was improved by administration of oxytocin or DA transporter inhib-
itor but not by desipramine. In contrast, SA in STX1B HT was im-
proved by desipramine but not by oxytocin. These observations indi-
cate that STX1A and STXI1B differently contribute to regulation of
social behavior. Additionally, in WT, we observed that chronic social
defeat stress decreased both of STX1A and STX1B protein expression
and caused abnormal social behavior. These results suggest that de-
crease of STX1A and/or STX1B gene expression in CNS may induce
abnormal social behavior. No COL

GTP cyclohydrolase 1 and its regulatory protein
(GFRP) in the rat brain stem

Bellier, Jean-Pierre’; Ding, Wei-Guang?; Sakaue, Yuko?; Yasuhara,
Osamu®, Matsuura, Hiroshi?; Tooyama, Ikuo'(!Molecular Neuroscience
Research Center, Shiga University of Medical Science, Otsu, Japan, ?Department of
Physiology, Shiga University of Medical Science, Otsu, Japan, *Department of
Pediatric, Shiga University of Medical Science, Otsu, Japan, *School of Human
Nursing, The University of Shiga Prefecture, Otsu, Japan)

Tetrahydrobiopterin (BH,) is a cofactor required for the biosynthesis
of several important neurotransmitters such as the catecholamines,
serotonin and nitric oxide. The enzyme GTP cyclohydrolase 1 (GCHI)
is the first and rate-limiting enzyme in the metabolic pathway of BH,.
In vitro, the GCHI feedback regulatory protein (GFRP) may mediates
the feedback inhibition of GCHI activity by BH,. Here, we investigat-
ed the physiological function of GFRP iz vivo in the rat brain stem.
The distribution of GFRP and GCH1 were examined by immunohisto-
chemistry using home-made antisera on paraformaldehyde-fixed sec-
tions. Interaction between GFRP and GCH1 was examined using
2D-SDS-PAGE and proximity ligation assay, while activity of the BH,
metabolic pathway was monitored using HLPC-ECD-UV. Our prelim-
inary results indicated that iz vivo, GFRP and GCHI are localized in
serotoninergic and catecholaminergic neurons. Expression level of the
two proteins, however, seems to vary greatly in function of the neu-
ronal type. Moreover interactions between GFRP and GCHI as well
as the modulation of BH, level appear to be different depending on the
neuronal structure studied. Those results suggest that the regulation
of BH, biosynthesis by GFRP occurs differently in function of the
structure and neuronal type. No COL
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Poster Presentations
Muscle Physiology (1)

Roles of Epac in masseter muscle hypertrophy in-
duced by chronic stimulation of B,-adrenoceptor

Ohnuki, Yoshiki; Saeki, Yasutake; Okumura, Satoshi(Department of
Physiology, Tsurumi University School of Dental Medicine, Yokohama, Japan)

To elucidate the roles of Epac (exchange protein directly activated by
cAMP) in the pathogenesis of muscle hypertrophy and slow-to-fast
fiber-type transition induced by clenbuterol (CB), a f,-adrenoceptor
(B-AR) agonist, we examined the effects of chronic CB treatment (i.p.,
2mg/kg/day for 3 weeks) on muscle mass, fiber diameter and myosin
heavy chain (MyHC) composition in masseter muscle (the principal
jaw closer in rodents) of wild-type controls (WT) and Epacl knockout
mice (KO). Masseter mass and muscle fiber diameter were significant-
ly increased by CB treatment in WT while not in KO. On the other
hand, CB treatment significantly increased the proportion of MyHC
IIb at the expense of that of MyHC IId/x in both WT and KO, indi-
cating that disruption of Epacl did not affect the MyHC transition
towards faster isoforms. In addition, we examined whether Epac
mediated CB-induced hypertrophy through Akt/mTOR pathway, a
possible downstream pathway influencing muscle phenotype. Phos-
phorylation levels of Akt and its downstream targets, P70S6K and
4EBP, was significantly increased by CB treatment in WT, but the
increase was abrogated in KO. These results suggest that chronic
stimulation of f,-AR induces masseter muscle hypertrophy through
Epac/Akt/mTOR pathway. No COL

Sarcomere length nanometry in cardiomyocytes ex-
pressing a-actinin-AcGFP in Z-discs

Shintani, Seine A.'; Oyama, Kotaro'; Ohki, Takashi';

Ishiwata, Shin’ichi'2; Fukuda, Norio®('Department of Physics, Faculty of
Science and Engineering, Waseda University, Tokyo, Japan,, *Waseda Bioscience
Research Institute in Singapore, Waseda University, Singapore, Singapore,,
*Department of Cell Physiology, The Jikei University School of Medicine, Tokyo,
Japan.)

In cardiac muscle, a change in sarcomere length (SL) by ~100 nm
causes a dramatic change in contractility (ie., the Frank-Starling mech-
anism), indicating the need for the simultaneous measurement of SL
and intracellular [Ca?']; in cardiomyocytes at high spatial and temporal
resolution. To accurately analyze the motions of individual sarcomeres
with nanometer precision during excitation-contraction coupling, we
in the present study applied nanometry techniques to primary-cultured
rat neonatal cardiomyocytes. First, we developed an experimental
system for simultaneous nano-scale analysis of single sarcomere dy-
namics and [Ca?*], changes via expression of AcGFP in Z-discs. We
found that following treatment with ionomycin, myocytes exhibited
spontaneous sarcomeric oscillations (Cell-SPOC) at partial activation
with blockage of sarcoplasmic reticulum functions, and the waveform
properties were indistinguishable from those obtained under electric
field stimulation. Finally, we interpreted the present experimental
findings in the framework of our mathematical model of spontaneous
sarcomeric oscillations. The present experimental system has a broad
range of application possibilities for unveiling single sarcomere dynam-
ics during excitation-contraction coupling in cardiomyocytes under
various conditions. No COL

Imaging of sarcomere dynamics in neonatal rat car-
diomyocytes expressing F-actin-containing stress fi-
ber-like structures

Fuijii, Teruyuki'; Shintani, Seine A2, Tsukamoto, Seiichi'; Ishiwata,
Shin’ichi23; Fukuda, Norio'; Minamisawa, Susumu'(*Department of Cell
Physiology, The Jikei University School of Medicine, Tokyo, Japan, *Pure and
Applied Physics, Faculty of Science and Engineering, Waseda University, Tokyo,
Japan, *Waseda Bioscience Research Institute in Singapore (WABIOS))

In the present study, we investigated whether sarcomeric dynamics
is influenced by the development of F-actin-containing stress fiber-like
structures in neonatal rat cardiomyocytes. Ventricular myocytes were
isolated from 1-day-old Wistar rats, and cultured on collagen-coated
glass bottom dishes. Stress fiber-like structures developed when
myocytes were cultured for three days in the presence of basic fibro-
blast growth factor (FGF-2, 14 nM). Likewise, stress fiber-like struc-
tures developed when myocytes were cultured in the presence of the
actomyosin inhibitor N-benzyl-p-toluenesulphonamide (BTS, 20 uM).
The magnitude of sarcomeric contractions did not significantly change
upon treatment with FGF-2 or BTS.We hereby conclude that in neo-
natal cardiomyocytes, 1) intracellular F-actin-containing stress fiber-like
structures develop with the suppression of actomyosin interaction, and
2) the stress fiber-like structures do not significantly alter sarcomere
dynamics. No COL
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The time course of Fyn and ROK activation in the
signal transduction of abnormal vascular smooth mus-
cle contraction

Kishi, Hiroko; Zhang, Ying; Takagaki, Ryodai; Miyanari, Keniji;
Kimura, Tomohiko; Kobayashi, Sei(Department of Molecular Physiology

and Medical Bioregulation, Yamaguchi University Graduate School of Medicine,
Ube, Japan)

Rho-kinase (ROK)-mediated Ca?*-sensitization of vascular smooth mus-
cle (VSM) plays a critical role for abnormal VSM contractions such as
vasospasm. Previously we identified sphingosylphosphorylcholine (SPC)
as a novel molecule to induce the ROK-mediated Ca?*-sensitization
leading to abnormal VSM contractions. Furthermore, we also identified
Fyn, a member of Src family tyrosine kinase (Src-TKs), as a novel
signaling molecule for abnormal VSM contraction meditating the
SPC-induced ROK activation. In the present study, we analyzed the
time course of Fyn and ROK activation in human coronary artery
smooth muscle cells. To distinguish the activation of Fyn from that of
other member of Src-TKs, Fyn was immunoprecipitated and its acti-
vation was analyzed by western blot analysis to detect its autophos-
phorylation of Y420. ROK activation was analyzed by the phosphory-
lation of its target molecule myosin phosphatase targeting subunit 1.
The result showed that Fyn was activated after 5 min of SPC stimu-
lation whereas no remarkable activation of c-Src, another member of
Src-TKs, was detected. After 30 min of SPC stimulation, the Fyn ac-
tivity was back to its basal level. In contrast, ROK activation was
detected after 5 min of SPC stimulation and sustained even after 30
min. These results show that the activation of Fyn was temporal
whereas that of ROK was sustained after SPC stimulation in the signal
transduction of abnormal VSM contraction. No COL

Stretch speed-dependent muscle damage, functional
loss, and mechanical hyperalgesia after lengthening
contraction in rats

Mori, Tomohiro'; Hayashi, Koei?; Agata, Nobuhide'; Taguchi, Toru?;
Kawakami, Keisuke'(*Phys. Occupat. Ther. Progr., Nagoya Univ. Grad. Sch.
Med., Nagoya, Japan, *Dept. Neurosci. II, Res. Inst. Environ. Med., Nagoya Univ.,
Nagoya, Japan)

Muscle damage, functional deficits, and pain are often elicited by ex-
ercise, especially after lengthening contraction (LC). Here we examined
whether stretch speed of LC could be a determinant leading to these
changes. Under isoflurane anesthesia, LC was repeatedly loaded to the
rat ankle extensor muscles at a different stretch speed (i.e. angular
velocities of 50, 100, 200, or 400 deg./s) over a fixed stretch range of
motion (i.e. 90 deg). The number of muscle fibers labeled with Ev-
ans-blue dye, a marker of muscle damage or increased membrane
permeability of cells, increased as the angular velocity of LC was in-
creased. The number of muscle fibers with the large cross sectional
area was selectively and significantly decreased three days after LC
(200 deg./s). Isometric torque of dorsiflexion measured two days after
LC decreased as the angular velocity of LC was increased. Muscular
mechanical hyperalgesia after LC was augmented in an angular ve-
locity-dependent manner while repetitive stretch of the muscle alone
without contraction had no effect on the nociceptive threshold. These
results indicate that the faster angular velocity of muscle stretch during
LC was a critical determinant leading to increased membrane perme-
ability, decreased function, and facilitated mechanical hyperalgesia in
the muscle. These findings could be useful when prescribing exercise
for athletes, elderly people, and patients. No COL

Influence of the Connection between Skeletal Mus-
cles on Muscle Shortening Velocity

Ishii, Yoshiki'; Sasai, Nobuaki®, Yamamoto, Hiroyuki';

Yamanaka, Yuki'; Mizuno, Tomohito'; Tsuchiya, Teizo?('Faculty of
Health Care Sciences, Himeji Dokkyo University, Hyogo, Japan, *Faculty of Science,
Kobe University, Hyogo, Japan, *Faculty of Health Science, Suzuka University of
Medical science, Mie, Japan)

The present study was investigated to know the influence of the
connection between skeletal extensor muscles by fasciae in knee joint
on the shortening velocity. We measured the force - velocity relation-
ship, iz vivo, in whole muscle preparations in knee extensor, triceps
femoris muscle (TEM), of the frog, Rana catesbeiana. TEM consists of
three muscles, rectus femoris (RFM), vastus medialis (VMM) and
vastus lateralis (VLM). Frogs were anesthetized by injecting urethane
intraperitoneally. Then all the branches of sciatic nerve except for the
one innervating VMM and VLM were cut. The active isotonic veloc-
ity of VMM and VLM was measured at various steps of load at 20 +
0.5 °C. Experiments were performed on three different kinds of prepa-
rations; in one preparation, surface of TFM was totally covered with
fascia (NF), in the second one, hamstrings was removed from TFM,
and in the third one, RFM was removed from NF. The maximum
shortening velocity in NF was the fastest among three conditions. And
the output of power in NF was also the largest. The these results in-
dicate that connection between TFM and hamstrings and that between
RFM and the other in TFM have remarkable influence on muscle
shortening velocity and muscle power output, suggesting that one of
the functional roles of connection between muscles is to produce
characteristic contractile properties of muscles. No COL

Attenuating effects of [,-agonist clenbuterol on
cast-immobilization induced atrophy of skeletal mus-
cle fibers in rats: histochemical analyses

Suzuki, Hideki'; Tsujimoto, Hisaya?; Shirato, Ken3; Mitsuhashi,
Ryosuke?; Tachiyashiki, Kaoru*; Imaizumi, Kazuhiko3('Dept. Health &
Phys. Edu., Aichi Univ. of Edu., Kariya, Japan, *Ins. Health & Sports Sci., Kurume

Univ, Japan, *Lab. Physiol. Sci., Fac. Human Sci., Waseda Univ., Japan, *Joetsu
Univ. of Edu.)

Using histochemical methods, we investigated whether daily adminis-
tration(dose=1mg/kg body weight/day) of clenbuterol (CLE) prevent-
ed cast-immobilization (IMM)-induced atrophy of skeletal muscle fibers.
Adult male Sprague-Dawley rats were divided into control (CON), CLE,
IMM, and IMM=CLE groups, and maintained for 9 days. The extensor
digitorum longus (EDL) and soleus (SOL) muscles were isolated and
analyzed histochemically after ATPase staining. EDL and SOL muscle
weights in the IMM group were lower than those in the CON group.
The analyses of cross-sectional area in muscles revealed that EDL
muscle atrophy was limited to type II fibers; SOL muscle atrophy was
mediated by type I and type II fibers. In the IMM+CLE group, IMM-in-
duced atrophy was attenuated in the EDL but not in the SOL muscle.
The attenuating effect of CLE was observed in type II fibers. These
results suggest that CLE attenuates IMM-induced atrophy of type II
fibers in the fast-twitch EDL but not in the slow-twitch SOL muscle.
No COL
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Evidence for a new type of rigor actin-myosin linkages
in skinned skeletal muscle fibers

Karina, Hajar'; Kobayashi, Takakazu'; Sugi, Haruo?('Department of
Electronic Engineering, Shibaura Institute of Technology, Tokyo, Japan,
*Department of Physiology, School of Medicine, Teikyo University, Tokyo, Japan)

It is generally believed that myosin heads (M) bind with actin filaments
(A) to exert power stroke, associated with reaction AM" ADP" Pi to
AM + ADP + Pi. This scheme indicates that, at the end of power
stroke, myosin heads take the form of rigor or rigor-like actin-myosin
linkages AM. X-ray diffraction studies on contracting skeletal muscle,
however, can not detect such rigor linkages. To settle the problem,
we first fully activated single skinned skeletal muscle fibers in con-
tracting solution (pCa,<4), put the fibers into high-Ca (pCa4) or low-Ca
(pCa,>9) rigor solution, and then the fibers were subjected to a series
of release-stretch cycles (amplitude, 5% of fiber slack length) at various
times after transfer of the fibers into rigor solution. Rather unexpect-
edly, the fibers exhibited small but distinct tension recovery following
the initial tension drop coincident with applied release. The extent of
the tension recovery increased markedly by lowering temperature
from 20 to 10°C, and decreased in the presence of EDTA (5-10mM).
The tension recovery gradually decreased with time in rigor solution,
but was still observable for at least 90min. ADP (up to 10mM) had no
appreciable effect on the tension recovery. These results indicate the
presence of two different kinds of rigor actin-myosin linkages in rigor
fibers; one with, and the other without, active tension response. This
suggests that myosin heads in contracting muscle do not pass through
rigor configuration. No COL

ATP release from the rat skeletal muscle differs

among muscle contraction forms

Murase, Shiori; Mizumura, Kazue(Department of Physical Therapy, College
of Life and Health Sciences, Chubu University, Kasugai, Japan)

Delayed onset muscle soreness (DOMY) is induced by muscular length-
ening contraction (LC), but by neither muscular shortening contraction
(SC) nor stretch. Adenosine triphosphate (ATP) is well known to be
released from excised muscle and would serve as a trigger for releas-
ing bradykinin-like substance that stimulates upregulation of nerve
growth factor, which induces mechanical hyperalgesia in DOMS. We
investigated whether there is any difference in ATP release from the
skeletal muscle among LC, SC and stretch. We measured ATP release
from the extensor digitorum longus (EDL) muscle in vitro. The mus-
cle-peroneal nerve preparation was put in a small chamber and super-
fused. In LC and SC group, the nerve was electrically stimulated for
1 s to induce muscle contraction and followed by 3 s rest period. This
pattern was repeated for a total of 10 min. The current was set at
three times the twitch threshold. The stimulus parameter to induce
tetanic contraction was a frequency of 50 Hz with pulse duration of 1
ms. In LC group, the muscle was stretched by 2 mm from natural
length during the contraction period. In stretch group, the muscle was
stretched without contraction. The superfusate was sampled at -6, -3,
0 (start of electrical stimulation), 0.5, 1, 1.5, 2, 5 and 10 min. The ATP
concentration was measured using the luciferin-luciferase method.The
largest amount of ATP was released by LC. The peak was around 1
min after LC was started and then gradually decreased despite the
existence of muscle contraction. Meanwhile, ATP release was not in-
creased by stretch. No COL

Deficiency of Heat Shock Transcription Factor 1
Up-Regulates Interleukins in Regenerating Skeletal
Muscle in Mice

Goto, Katsumasa'; Nishizawa, Sono?; Koya, Tomoyukiz;

Nakai, Akira®; Sugiura, Takao* Ohira, Yoshinobus;

Yoshioka, Toshitada®('Department of Physiology, Graduate School of Health
Sciences, Toyohashi SOZO University, ’Department of Orthopaedic Surgery, St.
Marianna University School of Medicine, *Department of Biochemistry and
Molecular Biology, Graduate School of Medicine, Yamaguchi University,
*Department of Exercise and Sports Medicine, Faculty of Education, Yamaguchi
University, *Osaka University, “Hirosaki Gakuin University)

Skeletal muscle has a greater regenerative potential. During inflam-
matory response following muscle trauma, interleukin-6 (IL-6) and
IL-15 are up-regulated. IL-6 and IL-1§ are potentially mitogenic for
myoblasts, as well as inhibitors of myogenic differentiation. Heat shock
transcription factor 1 (HSF1) suppresses inflammatory genes. Howev-
er, the interaction between HSF1 and inflammatory genes in skeletal
muscle cells remain unclear. The purpose of this study was to inves-
tigate a physiological role of HSF1 gene on skeletal muscle regenera-
tion. Necrosis-regeneration cycle was initiated by the injection of
cardiotoxin into the left soleus muscle of male HSF1-null and wild-type
mice. Slower regeneration was observed in HSF1-null mice, compared
with wild-type mice. Up-regulations of IL-6 and IL-1§ mRNAs were
enhanced in HSF1-null mice. HSF1-deficiency-associated partial depres-
sion of skeletal muscle regeneration might be attributed to up-regula-
tion of proinflammatory cytokines. This study was supported, in part,
by JSPS KAKENHI Grants Numbers 22240071, 24650411, 24650407 and
the Promotion and Mutual Aid Corporation for Private Schools of Japan.
No COL

Screening of SESTD1 C-terminus binding proteins in
skeletal muscles

Hanashima, Akira'; Kimura, Sumiko?;

Murayama, Takashi'('Department of Pharmacology, School of Medicine,

Juntendo University, Tokyo, Japan, ?Department of Biology, Graduated school of
Science, Chiba University, Chiba, Japan)

SESTDI is a novel 79kDa protein that consists of SEC14 domain, three
spectrin repeats and unique sequences. Some research suggests that
SESTDI1 is involved in the planar cell polarity pathway during mam-
malian embryonic development and the other research suggests that
SESTDI regulates transient receptor potential channels in smooth
muscle. SESTDI is also found in another tissues but is not analyzed.
In this research, we investigated localization and binding proteins of
SESTDI in striated muscles. Western blot experiments using anti-SES-
TDI1 monoclonal antibody elucidated that SESTDI is not cardiac
muscle protein but skeletal muscle protein. Immunofluorescence mi-
croscopy using that monoclonal antibody revealed that SESDTI is
localized around Z-line of sarcomere in skeletal muscles. To search the
binding proteins of SESTDI1 in skeletal muscle, we carried out the
yeast two-hybrid screening using SESTD1 C-terminus as bait and
muscle cDNA libraries as preys. Several proteins, located in Z-lines of
sarcomere, such as N-RAP and Desmin were obtained as candidates
for SESTD1 C-terminus binding proteins. These results indicate that
SESTDI is the novel Z-line protein of the sarcomere in skeletal muscle.
We are currently investigating the role of SESTDI1 in myofibrillogen-
esis. No COL
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Interaction between water and proteins in skeletal
muscle
Nakahara, Naoya'; Kimura, Masako?; Takemori, Shigeru' (‘Dept.

Molecular Physiol., Jikei Univ. Sch. Med., *Dept. Integr. physiol., Kagawa Nutri.
Univ.)

Magnetic resonance (MR) images reflect not only water content, but
also water states in tissue. In skeletal muscle, MR distinguishes five
water states whose localization has been clarified taking advantage of
well-organized crystalline structure of sarcomere. Detailed nature of
each water state is, however, not clarified yet.

Interaction between water molecules and macromolecules such as
proteins is considered to restrict their mutual motional freedom to
render characteristic state to the clusters of water molecules. From
this, it follows that an increase in thermal molecular motion with
temperature, water and macromolecules would store entropic free-en-
ergy that can be partly liberated in the process of muscle contraction.
With this view in mind, we observed heat capacity of skeletal muscle
(prepared from sartorius muscle of Rana Catesbeiana) with gradual
increase in temperature using differential scanning calorimetry (DSC).
The frozen preparation of skinned muscle showed at least two mus-
cle-specific endothermic changes at -50°C and -25°C. Furthermore, the
integrated heat capacity, up to physiological temperature in which
muscle contract from -80°C, of the fresh specimen was 10 J(~0.2mmol
ATP-hydrolysis) larger per 1g specimen than that of denatured spec-
imen. With this abundant energy, role of water state as an energy
reservoir is suggested. No COL

Effects of heat stress on mTOR signaling and HSP
expression in rat skeletal muscle

Kakigi, Ryo'; Naito, Hisashi?; Yoshihara, Toshinori?;

Okada, Takao'('Dept. of Physiology, Juntendo Univ. Faculty of Medicine,

Tokyo, Japan, *Dept. of Exercise Physiology, Juntendo Univ. Grad. Sch. Health &
Sports Science, Chiba, Japan)

Heat stress is well known to increase the expression of heat shock
protein (HSP) in skeletal muscle. HSP plays an important role in chap-
eroning nascent peptides during translation. Meanwhile, the mamma-
lian target of rapamycin (mTOR) signaling pathway has a key role in
stimulating translation initiation. The purpose of the present study
was to investigate the effects of heat stress on mTOR signaling path-
way in rat skeletal muscle. Wistar male rats (14 wk-old) were random-
ly assigned into two groups: sedentary control (SC; n=4) and heat
stressed group (HS; n=24). After overnight fasting, a leg of rat in HS
group was immersed in a hot water (43°C) for 30 min under anesthesia
and the gastrocnemius muscles in both legs were removed at imme-
diately (Omin, n=6), 30 min (n=6), 60min (n=6) and 24 hours (24h, n=6)
after the heat stress. In SC group, 4E-BP1 and S6K1 phosphorylation,
and HSP72 expression in white portion of gastrocnemius muscle were
significantly lower than those of red portion. Heat stress significantly
increased Akt, mTOR, 4E-BP1, S6K1 and eIF2a phosphorylation at 0
min in red portion of the muscle, whereas these phosphorylation sig-
nificantly increased at 0-60 min in white portion. HSP72 expression in
red portion did not change, whereas heat stress significantly increased
HSP72 expression at 24 h in white portion. These results suggest that
heat stress increases mTOR signaling and HSP expression in rat
skeletal muscle, which may be affected by muscle fiber type. No COL

Localization of L-type calcium channels in skeletal
muscle is regulated by binding of the C-terminus of
CaV1.1 subunits with junctophilins.

Nakada, Tsutomu’; Flucher, Bernhard E?; Kashihara, Toshihide';
Komatsu, Masatoshi'; Yamada, Mitsuhiko'(!Department of Molecular
Pharmacology, Shinshu University School of Medicine, Nagano, Japan,

*Department of Physiology and Medical Physics, Innsbruck Medical University,
Innsbruck, Austria)

In skeletal myocytes, Cayl.1 L-type calcium channels (LTCC) form a
functional complex with ryanodine receptors at junctional membrane
(JM) where the sarcolemma is closely apposed to sarcoplasmic reticu-
lum membranes. Junctophilins (JP) are known to stabilize the JM
complex by bridging the sarcolemma and sarcoplasmic reticulum.
Although we previously showed that knockdown of JPs inhibited the
proper JM-targeting and function of LTCC in skeletal myocytes, the
molecular mechanisms underlying these phenomena is unclear. In this
study, we investigated the interaction of LTCC and JPs with biochem-
ical techniques. Co-immunoprecipitation study showed that Cayl.1
interacted with JP1 and JP2 in mouse skeletal muscle. Pull down assay
with GST-fusion proteins bearing cytosolic regions of Ca,1.1 indicated
that the C-terminus of Cay1.1 specifically interacted with JP1 and JP2.
Pull down assay with GST-fusion proteins bearing several partial
fragments of the C-terminus of Cay1.1 revealed that amino acid residues
between 1545 and1606 in the proximal C-terminus are necessary for
the binding of Cay1.1 and JPs. This JP binding region of Cay1.1 includes
the amino acid stretch corresponding to the JM-targeting motif of
Cay1.2 identified previously, suggesting that interaction of this part of
Cayl.1 and JPs is important for the proper localization of LTCC. No
COL

Neuromuscular transmission in the guinea-pig pros-
tate

Lam, Hoi-Shung Michelle; Hashitani, Hikaru(Department of Cell
Physiology, Graduate School of Medical Sciences, Nagoya City University, Japan)

Sympathetic neurogenic contractions contribute to an increased dy-
namic prostate smooth muscle tone often seen in benign prostatic
enlargement. Blockade of electrical field stimulation with a, adreno-
ceptor antagonists is only partial. A secondary component is speculat-
ed to be purinergic in origin; therefore, this study examines the excit-
atory junction potentials (EJPs) elicited during electrical field
stimulation to determine the contribution of purinergic signalling to-
wards neurogenic contractions in the prostate. a, adrenoceptor inhib-
itor phentolamine (1uM) reduced the amplitude of EJPs to 61% of
control (n = 4, P<0.05) while also reducing the E,_,, of FRCs to 56.7%
(n = 5, P<0.01) indicating part of the sympathetic neuromuscular
transmission is mediated by adrenergic nerves. EJPs (n = 4) were
suppressed by a-f methylene ATP (10uM) suggesting P2X receptors
also contribute to the EJPs and the E_,, of FRCs were reduced by
445% (n = 5, P<0.05). Although PPADS (5uM), a P2X, receptor subtype
inhibitor, reduced the amplitude of EJPs by 64.8% (n = 4, P<0.01), a
combination with phentolamine (1uM) was required to abolish EJPs.
It is apparent a large component of the neurogenic response in the
prostate is mediated by purinergic signalling, whereby nerve-mediat-
ed ATP release likely acts in conjunction with a, adrenoceptors. This
may provide a novel basis for improved therapeutical treatment of an
enhanced prostate tone. No COL
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The STZ-induced diabetes influences protein expres-
sion of the sarcoplasmic reticulum in the fast-twitch
muscle fiber

Eshima, Hiroaki; Kano, Yutaka(Dept. of Engineering Science, The University
of Electro-Communications.)

In diabetes mellitus (DIA), force production and fatigue-resistant in
skeletal muscle is impaired. We demonstrated that diabetes impairs
intracellular Ca?* ((Ca?']) homeostasis and sarcoplasmic reticulum (SR)
function in rat skeletal muscle (Eshima et al. AJP, 2013). However, it
is unclear whether these functional decline is muscle fiber type spe-
cific. We tested the hypothesis that attenuation of calcium-reguratory
protein depends on muscle fiber type (slow-twitch vs. fast twitch fiber)
in DIA. Adult male Wistar rats were divided randomly into diabetic
(DIA: Streptozotocin ip.) and healthy (CONT) groups. Four weeks
later animals were anesthetized and extensor digitorum longus (EDL;
fast-twitch) and soleus (SOL; slow-twitch) were isolated. We examined
muscle fiber type compositions (Type I, IIa, ITb and IIx) and cross-sec-
tional area by immunohistochemical staining, and calcium-regulatory
protein levels (Ca®" release; RyR, Ca?" uptake; SERCA1 and SERCA2)
by western blot. In EDL, muscle fiber type switching (-42.2%, 1Ib), at-
rophy(-13.7%) and up-regulation of SERCA1 and SERCA2 (+38.7% and
+54.7%, respectively) were observed compared with CONT (P < 0.05).
In contrast, RyR protein level in DIA was lower compared with CONT
(P < 0.05). These series of alteration was not observed in SOL. The
present investigation demonstrates the STZ-induced diabetes causes
metabolic and morphologic changes for fast-twitch fibers. Also the
reciprocal adaptations of the SR function was found such as impairment
of Ca* release and increased SR Ca** transport activity. No COL

Manual therapy and heating stimulation modulate mi-
tochondrial activity following a lengthening contrac-
tion of rat's gastrocnemius muscle

Urakawa, Susumu'?; Takamoto, Kouich'?; Sakai, Shigekazu';
Matsuda, Teru3; Taguchi, Toru% Mizumura, Kazues;

Ono, Taketoshi'?; Nishijo, Hisao?5('Dept Judo Neurophysiotherapy, Grad
Sch Med Pharmaceu Sci, Univ Toyama, Japan, *JSPS Asian Core Program, *Dept
Physical Therapy, College of Life and Health Sci, Chubu Univ, Japan, *Dept
Neurosci II, Res Inst Environmental Med, Nagoya Univ, Japan, *Dept System
Emotional Sci, Grad Sch Med Pharmaceu Sci, Univ Toyama, Japan)

Physical therapies (e.g., manual therapy by compression of the muscle
and heating stimulation) have been used as an effective intervention
for muscular pain. Although we reported that these interventions
ameliorated mechanical hyperalgesia induced by the lengthening con-
traction (LC) of rat’s gastrocnemius muscle, the mechanisms of anal-
gesic effect remain unclear. The aim of this study was to assess mito-
chondrial activity as a key component of muscle metabolism. Six
week-old male SD rats at the beginning were used. Following adequate
handling, LC was applied to the left gastrocnemius muscle. Just after
LC, heating stimulation was applied to exercised muscle for 20 min by
heating pack (42 °C). One day after LC, manual therapy with intermit-
tent compression was applied to the left gastrocnemius muscle of the
awake rats for 10 min. A Western blot analysis revealed that expres-
sion of cytochrome ¢ oxidase subunit IV, indicator of mitochondrial
activity, gradually increased following the lengthening contraction, but
significantly suppressed by heating or manual therapy as same level
as non-LC control. The results indicate that physical therapy could
modulate mitochondrial activity following LC. No COL

Force-inhibiting effect of phosphatase inhibitors on
bovine ciliary muscle

Ishida, Minori; Takeya, Kosuke; Akao, Teppei; Miyazu, Motoi; Takai,
Akira(Dept. of Physiol., Asahikawa Med. Univ., Asahikawa, Hokkaido, Japan)

Ciliary muscle is a smooth muscle characterized by a rapid response
to muscarinic receptor stimulation and sustained contraction. In gen-
eral, regulation of smooth muscle contraction involves protein phos-
phorylation, such as myosin and other regulatory proteins. However,
little is known about the role of protein phosphorylation in ciliary
muscle contraction. In our previous study, okadaic acid, a potent PP2ZA
inhibitor, attenuated taenia cecum contraction, but not ciliary muscle
contraction. To address the role of protein phosphorylation in the
ciliary muscle contraction, we examined the effects of selective PP2A
inhibitors on bovine ciliary muscle and guinea pig taenia cecum.
Methods: Muscle strips were contracted with ionomycin, and isometric
tension was recorded. Various concentrations of phosphatase inhibitors
were administered to contracted or relaxed muscle strips.

Results: Low concentration of okadaic acid and Fostriecin impaired
ionomycin-induced contraction in taenia cecum, but not in ciliary
muscle. Rubratoxin impaired contraction both in taenia cecum and
ciliary muscle.

Conclusion: In this study, we showed that 1) some protein phosphatase
inhibitors had different effects on taenia cecum and ciliary muscle, 2)
force-inhibiting effects were different among the examined PP2A in-
hibitors. These results may be attributable to the differences in the
specificity of PP2A inhibitors. If so, in ciliary muscle, unlike other
smooth muscles, force-inhibiting effect of okadaic acid may be masked
by activating contractile-response through inhibition of another phos-
phatase. No COL

Role of T-type Ca?" channel in generating sponta-
neous Ca?* transients in pericytes of the guinea-pig
stomach

Hashitani, Hikaru(Dept.Cell Physiol., Grad.Sch.Med.Sci., Nagoya City Univ.,
Nagoya, Japan)

Objective: Spontaneous Ca?* transients of interstitial cells in various
smooth muscle tissues primarily rely on periodic Ca** release from
sarco-endoplasmic reticulum. A growing body of evidences indicates
that voltage-dependent Ca** channels also contribute to the generation
and/or synchrony of Ca** transients. Methods: In the myenteric layer
of the guinea-pig gastric antrum, spontaneous Ca®" transients in dif-
ferent cell populations were visualized using fluo-8 fluorescence Ca**
imaging. Results: An extensive network of interstitial cells of Cajal
(ICC) generated synchronous spontaneous Ca*" transients. Besides
ICC Ca*' transients, pericytes also exhibited spontaneous Ca?" tran-
sients that were developed almost simultaneously along the length of
the microvasculature. ICC and pericytes Ca** transients were not
affected by nidefipine (3 uM). Pericytes Ca®" transients were prevent-
ed by cyclopiazonic acid (10 uM), caffeine (1 mM), Ni** (10 uM), mibe-
fradil (10 uM) or nominally Ca** free solution but not tetracaine (100
uM). Blockade of T-type Ca?* channels with Ni** or mibefradil abolished
the initial component of ICC Ca?" transients, but failed to disrupt
synchrony, although a significant delay in the propagation of Ca*"
transients was evident. Conclusions: Functional coupling between
cytosolic Ca?* oscillator and T-type Ca?* channels appears to play a
critical role in the generation of pericytes Ca®" transients, while the
role of T-type Ca* channels in maintaining intercellular coupling in
ICC network could be replaced by other ionic conductance. No COL
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Epithelium of seminal vesicle modulates neural activ-
ity dependent contraction and originates stretch-sen-
sitive contraction

Takeya, Mitsue’; Itoh, Masayuki'; Ishihara, Keiko';

Hayashi, Tokumasa?; Nakamura, Kei-ichiro3;

Takano, Makoto' ('Dept. Physiol., Kurume Univ. Sch. Med., Kurume, Japan,

’Dept. Urol., Kurume Univ. Sch. Med., Kurume, Japan, Dept. Anat., Kurume
Univ. Sch. Med., Kurume, Japan)

Seminal vesicle (SV), a male accessory sex gland, has been known to
contract and expel their secretion into the ejaculatory duct in response
to the sympathetic excitation. As novel contractile mechanisms of SV,
we have previously suggested that the epithelium of SV originates a
stretch-sensitive contraction (SSC) and depresses noradrenaline-induced
contraction. In the present study, we examined the influence of epi-
thelium on the contraction induced by neural excitation of SV wall. A
reversed ring preparation (RRP; ~4 mm long) was dissected from SV
of guinea pig and stretched by elevation of a force transducer to
measure its isometric contraction. The magnitude of the contraction
evoked by electrical field stimuli (EFS-C) was increased in a frequen-
cy-dependent manner (5~100 Hz). Blockade of neural excitation by
tetrodotoxin (I uM) abolished EFS-C but failed to affect SSC. EFS-C
was due to excitation of adrenergic and cholinergic nerves, because it
was depressed by application of phentolamine, an a-adrenoceptor
blocker, and further diminished by an additional application of atropine.
Removal of epithelium from RRP, which abolished SSC, significantly
enhanced the maximum amplitude of EFS-C (2.86+0.50 g, n=6) com-
pared with that of epithelium-intact RRP (1.47%0.20 g, n=6). We con-
sider that the epithelium of SV plays an unexpected regulatory role
on SV contraction, although the mechanism remains unsolved. No COL

Comparative study of hyperalgesia in hindlimb- or an-
kle-immobilization rat model
Nakanishi, Takako; Kijima, Takeshi; Kitada, Masaki; Serada,

Noriyuki; Hisamitsu, Tadashi(Department of Physiology, School of Medicine,
Showa University, Tokyo, Japan)

It is important to establish the characterization of pain measurement
in animal model for elucidation of hyperalgesia mechanism and its
treatments. In this study, we measured the thermal and mechanical
stimulation sensitivities in hindlimb(H)- or ankle(A)- immobilization (IM)
rat models and were compared. In H-IM, right hind limb was immo-
bilized by cast, and in A-IM, only the right ankle was immobilized with
an external fixation. In both groups, hyperalgesia and body weight
were measured every once a week after immobilization for 4 weeks.
The thermal sensitivity was measured by planter test and the me-
chanical sensitivity was measured by von Frey test. The planter test
data showed % of right/left hindlimb escape time (second). Von Frey
test data showed % of right (g)/left (g) hindlimb: pain threshold. Two
weeks after IM, in planter test, the escape time decreased to 69.9% in
H-IM and 83% in A-IM, respectively. In von Frey test, the pain thresh-
old significantly decreased to 58% in H-IM and 21% in A-IM after 2
weeks IM, respectively (H-IM vs A-IM, P<0.05). The body weight
decreased in H-IM (-7.5 g), but A-IM increased as same as intact mod-
el (88 g) 4 weeks after IM. These results suggest that A-IM make good
use of hyperalgesia model, because A-IM has low pain threshold and
less stress. No COL

Poster Presentations
Oral Physiology (1)

Interaction of sympathoadrenal system and cervical
sympathetic nerves mediated by adrenergic and NPY
receptors on the hemodynamics in the jaw muscle

Ishii, Hisayoshi; Sato, Toshiya(Div. Physiol., Dept. Oral Biol., Sch. Dent.,
Health Sci. Univ. Hokkaido, Hokkaido, Japan)

Sympathoexcitation is known to cause changes in either increase or
decrease in the masseter muscle blood flow (MBF). Although the
reason for the differences in the effects is unclear, the interaction be-
tween neural and humoral mechanisms of MBF regulation may be
important for the difference because sympathoexcitation induces ac-
tivation of both sympathoadrenal system releasing circulating adren-
aline and cervical sympathetic nerves including noradrenaline and
NPY. However, it is unclear whether there is an interaction between
these systems in the MBF regulation. We explored this question by
investigating the effects of electrical stimulation of splanchnic nerve
(SPLN) on the MBF for either intact or sectioning of superior cervical
sympathetic trunk (CST) and adrenergic and NPY receptor antagonists
(BIBP 3226) on the responses in anesthetized rats. The SPLN stimula-
tion caused a significant MBF increase through f,adrenoceptors in
the animals with intact CST. Sectioning of the CST changed the MBF
increase to decrease by SPLN stimulation. The MBF increase evoked
by SPLN stimulation was almost abolished by phentolamine. Although
BIBP 3226 alone had no significant effect on the MBF increase, BIBP
3226 in combination with phentolamine caused a significant MBF in-
crease evoked by SPLN stimulation. These indicate that cervical
sympathetic nerves are involved in the MBF increase mediated by
sympathoadrenal system, and suggest that a-adrenoceptors and NPY
receptors contribute to MBF modulation during sympathoexcitation.
No COL
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Functional expression of glutamate receptors in
mouse odontoblasts
Nishiyama, A'; Sato, M2; Tsumura, M2; Katakura, A'; Tazaki, M3;

Shibukawa, Y2(!Dept of Oral Med, Oral and Maxillofacial surg, Tokyo Dental
College, *Dept of Physiol, Tokyo Dental Coleage)

Odontoblasts are cells that receive various stimulation applied to the
dentin surface. As sensory receptor cells, they drive the sensory-trans-
duction sequence and form “reactionary dentin”. In addition to various
types of membrane receptors expressed in odontoblasts, such as bra-
dykinin, ATP, and muscarinic-cholinergic receptors, the expression of
glutamate receptors has recently been reported to be localized on the
odontoblasts membrane. However, their functional role and detailed
properties remain to be clarified. Glutamate receptors are divided into
two groups; ionotropic glutamate receptors (iGluRs: NMDA and
AMPA/KA receptors) and metabotropic glutamate receptors (mGluRs
which are subdivided into Group I, II, and III). In the present study,
we investigated the functional expression of these glutamate receptors
by measuring intracellular Ca*" concentration ([Ca*]) using fura-2
fluorescence and mRNA expression using real time RT-PCR. PCR
analysis revealed the expression of all mGIluR and NMDA receptor
subtype mRNAs, with an abundant expression of group III mGluR.
Application of monosodium glutamate (10 nM-100 uM) induced a
transient and dose-dependent increase in ((Ca®*]). In the presence and
absence of extracellular Ca*, the selective agonists of Group I, II, and
IIT mGluRs increased ((Ca®*]), while a similar increase in ([Ca*]) was
not observed after activation of NMDA receptors in the absence of
extracellular Ca*". These results suggested that odontoblasts express
Group I, II, and III mGluRs as well as NMDA receptors. No COL

Activation of P2Y,,-BK receptor coupling disarms the
cAMP-mediated inhibitory effect on ryanodine recep-
tor channel-induced Ca?* release in trigeminal gangli-
on neurons

Kawaguchi, A; Sato, M; Taza, M; Ichinohe, T; Shibukawa, Y (Tokyo
Dental College, Tokyo, Japan)

Purinergic P2Y,, receptors (P2Y,) are classified as G, -protein-coupled
receptors. The neuro pathological roles of P2Y,, in trigeminal ganglion
(TG) neurons remain to be fully elucidated. We investigated P2Y,, by
immunofluorescence analysis and measurement of intracellular free
Ca** concentration ([Ca*1]) in primary cultured rat TG neurons. We
observed intense immunoreactivity for P2Y,, in TG somata, dendrites,
and axons, showing, co-localization with pan-neuronal marker, neuro-
filament 200, isolectin B4, and substance P. In the presence or absence
of extracellular Ca** (Ca*'],), application of a P2Y ,,5 agonist (2-MeS-
ADP) and bradykinin (BK) transiently increased [Ca*'].. In the absence
of [Ca?"], the 2-MeS-ADP-induced increase in [Ca*’], was reduced by
applying inhibitors of the sarcoplasmic reticulum Ca?"-ATPase and the
ryanodine receptor channel. Application of an adenylate cyclase inhib-
itor transiently increased [Ca?']. Increases in [Ca®*']; caused by 2-Mes-
ADP were inhibited by a phosphodiesterase inhibitor. Both 2-MeS-
ADP-induced and BK-induced increases in [Ca®*], were significantly
inhibited by selective P2Y,, antagonists in the presence of [Ca®*],. These
results show that P2Y,, are distributed A-, non-peptidergic C- and
peptidergic C-neurons. Activation of P2Y, induces the release of Ca*
from Ca?" stores, triggered by a decrease in internal cAMP levels.
P2Y ,,-BK receptor coupling play an important role in driving nocicep-
tive function by disarming cAMP-induced inhibition of Ca** mobiliza-
tion. No COL

Luminal entry of fluorescent dye is driven by solvent
drag due to paracellular fluid secretion in the subman-
dibular gland.

Murakami, Masataka'; Wei, Fei'; Narita, Takanoriz;
Matsuki-Fukushima, Miwako3; Hashimoto, Sadamitsu4;

Shibukawa, Yoshiyuki#; Sato, Masaki*('NatI Inst Physiol Scis, Okazaki,

Japan, *Bioresource Sci, Nihon Univ, Fujisawa, Japan, *Nihon Univ Dent, Matsudo,
Japan, *Tokyo Dent Coll, Tokyo, Japan)

Primary saliva is a mixture of fluid secreted through paracellular route
and transcellular route. By luminal dye-dilution in the isolated acini,
the transcellular fluid secretion was estimated as 25ul/g-min and the
paracellular fluid secretion as 60ul/g-min during sustained stimulation
(2002). In the present study, using the perfused submandibular gland
we examined whether fluorescent dye enters the intercellular cana-
liculi by solvent drag. The gland was surgically isolated from the
Wistar rat under anesthesia, and perfused arterially on the stage of
confocal microscope. (5 Live, Zeiss). When the fluid secretion was in-
duced by al-adrenergic stimulation with phenylephrine, the fluores-
cence of intracellular canaliculi increased dose-dependently. Combined
stimulation with phenylephrine and xamoterol (1 agonist) increased
the fluorescence more than only phenylephrine. Single stimulation with
isoproterenol (1 uM) decreased the fluorescence intensity in the can-
aliculi, suggesting lowering fluid secretion through pressure-dependent
paracellular route. The present findings lead the conclusion that we
could observe entry of fluorescent dye from intercellular space to lu-
minal space by pressure-dependent paracellular route by solvent-drag,
and that the fluid secretion through pressure-independent route is still
open for further studies. No COL

Effect of Danshen on paracellular fluid secretion in
the isolated rat submandibular gland

Wei, Fei'?; Murakami, Masataka2('SOKENDALI, Life Scis., Physiol., *NatI
Inst Physiol Scis, Okazaki, Japan)

Danshen (DS) induces a salivary fluid secretion without any other
sectretagogues in isolated and arterially perfused rat submandibular
gland (SMG). The secretory effect was not blocked by atropine, an
inhibitor of muscarinic receptors, or by phentolamine, an inhibitor of
alpha-adrenergic receptor. The salivary fluid secretion by DS includes
tanscellular fluid secretion because the blockers of Na/K-ATPase
(ouabain) and Na/K/2Cl-co transporter (bumetanide) decreased DS-in-
duced fluid secretion. In the present study, we examined whether DS
influences the paracellular fluid secretion, by measuring secretion of
Lucifer yellow (LY), a fluorescent dye with ca 500 mw in the perfusate.
Then the secreted saliva was collected along time course during DS
stimulation. Because the collected saliva only by DS was too small to
be measured, LY secretion by DS plus carbamylcholine (CCh) was
measured. The time course of LY secretion was different from only
by CCh. The time course of salivary fluid secretion was in parallel with
secretion of fluorescent dyes, and showed an initial slow increase fol-
lowed by a slow decrease. The present observation suggested that
DS could control junctional fluid passage with large molecule through
the paracellular route. No COL
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Sex hormone-regulated expression of microRNAs in
mouse submandibular glands: a putative Bio-Marker
of DHT-dependent diseases

Kurihara, Kinji'; Nakanishi, Nibuo2 Tomomura, Akito2;

Muramoto, Kazuyo'(!Div. of Physiol., Meikai Univ., Sch. of Dent., Saitama,
Japan, *Div. of Biochem., Meikai Univ., Sch. of Dent., Saitama, Japan)

Mouse submandibular glands (SMGs) have sexual dimorphism via
androgen receptor. MicroRNAs (miRNAs) are small non-coding RNAs
that play key roles in the regulation of gene expression. We examined
effects of sex hormones on the expression pattern of miRNAs in mouse
SMGs.

SMGs of ICR mice were investigated for miRNAs and 42 miRNAs
were identified. Expression patterns of these miRNAs in mice with
various hormonal treatments were analyzed by quantitative real-time
PCR.

Among of the 42 miRNAs, miR-21a and miR-143 were much abundant
and miR-141 slightly abundant in male mouse SMGs. Castration caused
remarkable decrease in the expression of these three miRNAs. DHT
administration to the castrated animals greatly increased miR-21a and
miR-141 but slightly miR-143, resulting the miR-141 expression sur-
passed the miR-143 expression. These effects of DHT on castrated
mice were similar to those of DHT on female mice. On the other hand,
DHT administration to normal males increased the miR-21a, miR-141
and miR143 expression with almost the same ratio, suggesting that
miR-21a and miR-141 were mainly regulated by DHT while miR-143
expression was dependent on testosterone. A hormonal condition of
castrated animals that were administrated DHT seemed to be similar
to that of partial androgen deficiency in aging males (PADAM). The
change in expression patterns of miR141 and miR143 was expected to
apply for diagnosis of benign prostatic hyperplasia (BPH) and andro-
genetic alopecia (AGA). No COL

Expression of nestin in injured salivary gland
Yokoyama, Megumi; Katsumata-Kato, Osamu;

Matsuki-Fukushima, Miwako; Fujita-Yoshigaki, Junko(Department of
Physiology, Nihon University School of Dentistry at Matsudo, Chiba, Japan)

Objective: It is known that salivary gland has regenerative ability. But
the origin of regenerated salivary gland cells is still unclear. Our goal
is to identify the precursor cell of regenerated acinar cells. We have
previously reported that tissue injuries induce de-differentiation of
cells, which expressed a neural stem cell marker, nestin, in vitro. In
this study, we examined whether nestin is expressed in undifferenti-
ated salivary gland in vivo. Methods: We performed unilateral parotid
duct ligation of mouse and extracted parotid gland at 4, 7, 10 days
after ligation. We compared expression of nestin with control by im-
munoblot analysis, HE staining and immunohistochemical staining.
Next, we removed the clip at 7 days after ligation, and extracted pa-
rotid gland in 14 days later. Results: By immunoblot analysis, expres-
sion level of nestin was significantly increased at 4 and 7 days in the
ligation side compared to the control. Morphologically, the atrophy of
acinar cells was observed in the ligation side. In the atrophied parotid
gland, nestin-positive cells were detected. The parotid gland that has
been released from duct ligation showed histological similarity to the
control. Conclusion: Because nestin was expressed in the salivary gland
that changed to an undifferentiated condition by tissue injury, it was
suggested that nestin can be used as a precursor marker in salivary
gland. No COL

Localization and function of V-ATPase in salivary
glands of mouse—analysis of the a3 subunit knockout
mouse—

Horie, Sawa'?; Goto, Naomi3; Nakanishi-Matsui, Mayumis;

Sahara, Yoshinori®('Dpt. Tumor Biol., Inst. Biomed. Sci., Iwate Med. Univ.,

Twate, Japan, *Dpt. Physiol., Iwate Med. Univ. Schl. Dent., Iwate, Japan, Dpt.
Biochem., Iwate Med. Univ., Iwate, Japan)

Vacuolar H*-ATPase (V-ATPase) is localized in intracellular membranes
of organelle such as the vacuole, lysosome, Golgi apparatus, synaptic
vesicle, and is known to acidify intracellular compartments as well as
pump H* across the plasma membrane. V-ATPase is composed of two
large domains, a cytosolic (V,) domain, consist of A-H subunits complex,
and a transmembrane (V,) domain, consist of a, ¢, ¢, ¢”, and d subunits
complex. We previously reported that a2, a3, d1, B2, C1, E2 subunit
isoforms are commonly expressed in the major salivary glands, and
B2 subunit isoform is localized in the duct cells of each salivary glands.
In this study, we have further analized subcellular localization of the
B2 subunit isoform using a structured illumination microscopy (Nikon).
Immunofluorecence was found in apical cell membrane and cytoplasm
of striated parotid ductal cells. In ductal cells of the sublingual and
submandibular glands, immunofluorecence was found in the basolat-
eral region of cytoplasm. By analyzing phenotypes of the knockout
mouse of the a3 subunit isoform, there was little saliva production and
the size of salivary glands was smaller than that in the wild type mice.
Intraoral salivary pHs tend to be slightly acidified. These results
suggest that V-ATPases play a critical role for salivary ductal function,
such as ion transports involved in epithelial electrolyte absorption,
anion secretion and modification of pH. No COL

The localization of parasympathetic vasodilator fibers
related to blood flow dynamics in rat salivary gland.

Sato, Toshiya; Ishii, Hisayoshi(Div. Physiol., Dept. Oral Biol., Sch. dent.,
Health Sci. Univ. Hokkaido, Hokkaido, Japan)

Objective: The parasympathetic blood flow increase was reported in
rat salivary glands. However, the localization of vasodilator fibers in
salivary glands are not clear. The sublingual gland (SLG) have mainly
mucous acini, while submandibular gland (SMG) have a mixture of
serous and mucous acini. This suggests that the hemodynamic mech-
anism of both glands may be different. In this study, we analyzed
parasympathetic blood flow increase of rat SLG and SMG by laser
speckle imaging (LSI) technique to examine localization of parasym-
pathetic vasodilator fibers.

Methods: The urethane anesthetized rats paralysed by pancuronium
bromide were artificially ventilated. The cervical vagi and cervical
sympathetic trunk were cut in the neck. The hemodynamics of SLG
and SMG were analyzed by LSI when the lingual nerve (LN) was
electrically stimulated.

Results & Discussion: The basal blood flow was higher in the SLG than
SMG. The regional differences of blood flow increase were found among
SLG and some parts of SMG during LN stimulation. These increases
were completely inhibited by hexamethonium (10 mg/kg i.v.). Although
these increases were inhibited by atropine (0.1 mg/kg i. v.), inhibitory
effect was stronger in SMG than SLG. There was no significant differ-
ence in blood flow increase of each gland by intravenous administration
of acetylcholine (0.01~1 mg/kg iv.). These indicate that parasympa-
thetic blood flow increase of SMG is mainly evoked by cholinergic fibers
and that of SLG is evoked by both cholinergic and non-cholinergic fibers.
No COL
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Salivary functions change in experimental periodonti-
tis model rats

Nakamura, Mariko'2; Ono, Kentaro?; Hitomi, Suzuro?;

Matsuo, Kou?; Nakashima, Keisuke'; Inenaga, Kiyotoshi?('Div.
Periodontol., Kyushu Dental Univ., Kitakyushu, Japan, *Div. Physiol., Kyushu
Dental Univ., Kitakyushu, Japan, *Div. Oral Pathol., Kyushu Dental Univ.,
Kitakyushu, Japan)

This study was designed to investigate the mechanism of salivary
dysfunction in an experimental periodontitis rat model and to examine
the improvements in salivary secretion following treatment of the
experimental periodontitis. In the periodontitis model, which included
a unilateral ligature for 4 weeks around the second upper molar, sev-
eral salivary functions were investigated. Changes in the salivary
function were evaluated 4 weeks after removal of the ligature in some
rats. The periodontitis model showed significant reductions in the
weight of the bilateral major salivary glands and pilocarpine-induced
salivary secretion. The model also showed an increase in the number
of apoptotic cells in bilateral salivary glands. According to Ca*" imag-
ing and Western blotting, there were no differences in the muscar-
ine-induced intracellular Ca?" mobilization in acinar cells or in the M3
receptor and AQP5 expression levels in the salivary glands between
the sham and the periodontitis model. Following removal of the ligature,
differences in the weights of salivary glands and pilocarpine-induced
salivary secretion between the sham and the periodontitis model ani-
mals were not found.These results suggest that experimental peri-
odontitis leads to hyposalivation and that relief from it improves sali-
vary function. No COL

Maintenance of secretory proteins during maturation
of rat parotid secretory granules

Katsumata-Kato, Osamu; Yokoyama, Megumi;
Matsuki-Fukushima, Miwako; Fujita-Yoshigaki, Junko(Department of

Physiology and Research Institute of Oral Science, Nihon University School of
Dentistry at Matsudo, Chiba, Japan)

The diameter of secretory granules (SGs) in rat parotid acinar cells is
about 1 um, and therefore they can be clearly observed. This is an
advantage in investigation of granule maturation. The maturation
process of SGs comprises enlargement, increase in density, vesicle
transport, and remodeling of membrane. However, the maintenance
of secretory proteins in SGs during granule maturation is poorly un-
derstood. fB-adrenergic agonist isoproterenol was injected into rats to
induce the exocytosis of SGs from their parotid glands, which were
removed 2 hrs after the injection. The isolated acini, which had no
SGs, were then incubated with Lucifer Yellow (LY) dye as a tracer for
3 hrs. The localization of LY into newly-formed SGs was estimated
by the following methods: (1) the co-localization with amylase by con-
focal laser microscopy, (2) the secretion of LY upon stimulation, (3) the
detection of fluorescence from purified SGs, and (4) the intracellular
localization by electron microscopy. After 2 days cell culture, new-
formed SGs became larger. In addition, co-localization of fluorescence
with amylase was observed. Although the fusion and budding of small
vesicles were contributed to process of granule maturation, LY stayed
in SGs even after the maturation. These results suggest that the se-
cretory proteins which have no transport signal such as LY are retained
into SGs during the granule maturation in parotid acinar cells. No COL

A new relation between visceral sensation and nizati-
dine, a gastric-acid inhibitor

Ueda, Hirotaka'; Suga, Mayu?; Yagi, Takakazu'; Matsuo, Ryuii®;
Miyawaki, Shouichi2(!Department of Orthodontics, Kagoshima University
Medical and Dental Hospital, Kagoshima, Japan, *Department of Orthodontics &
Dentofacial Orthopedics, Kagoshima University Graduate School of Medical and
Dental Sciences, Kagoshima, Japan, *Department of Oral Physiology, Okayama
University Graduate School of Medicine and Dentistry and Pharmaceutical
Sciences, Okayama, Japan)

Nizatidine collaterally increases salivary secretion in patients with
gastroesophageal reflux disease (GERD). However, it is not clear wheth-
er nizatidine affects central regulation of salivation. In the present
study, we hypothesized that intracerebroventricular (the fourth ven-
tricle) administration of nizatidine would collaterally enhance salivary
secretion related to the vagus nerve, focusing on the central effects of
nizatidine. We aimed to clarify induction of salivation by central niza-
tidine and / or afferents of the vagus nerve in rats. Male Wistar rats
were used for experiments. We performed real-time detection of sali-
vary secretion from submandibular gland. Vagus nerve-induced sali-
vary secretion was measured for 3 min following intracerebroventric-
ular administration of nizatidine. In the results, 1) the vagus nerve
stimulation increased salivary secretion, 2) nizatidine enhanced salivary
secretion induced by the vagus nerve stimulation. Total salivary se-
cretion was significantly increased by nizatidine in a dose-dependent
manner. Our findings suggest that central nizatidine enhances salivary
secretion induced by the vagus nerve stimulation in rats. No COL

Cytotoxicity of low-dose povidone-iodine and its ef-
fects on rat oral mucosa

Miyake, Masao'; Sato, So'?; Prasedya, Eka Sunarwidhi'; Omori,
Koichi?; Hazama, Akihiro'('Dept.Cellular and Integrative Physiology,

Fukushima Med.Univ.Sch.Med., Fukushima, Japan, *Dept.Otolaryngology,
Fukushima Med.Univ.Sch.Med., Fukushima, Japan)

Povidone-iodine (PVP-]) is as complex of polyvinylpyrrolidone and iodine
developed as an oral cavity gargle. It works as a broad spectrum
microbicide against bacteria and virus based on oxidizing effect. PVP-I
exposure causes nephropathy and iododerma as previously reported,
however, there is few quantitative studies. The aim of this study is to
evaluate the dose- and time- dependence of PVP-I toxicity against HeLa
cells and rat oral mucosa.

We found growth inhibition at 10%uM, increased apoptosis at 10°uM,
blister-like cytoplasm at 10'uM, and increased necrosis at 10uM after
2-day exposure with PVP-I. As clinically used concentration of PVP-I
is 10°-10*uM, relatively low concentration of PVP-I may be able to
damage cells with long-time exposure. Ion composition of extracellular
solution had relationship with PVP-I effect.

We also found thinner epithelium in rat oral mucosa after 1-day expo-
sure with 10'uM of PVP-I, and it had many apoptotic cells. Our study
suggests that risks and benefits of PVP-I application for sterilization
and anti-cancer agent should be reconsidered. No COIL
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The mechanism of oral ulcer-induced pain hypersen-
sitivity in rats.

Hitomi, Suzuro'; Ono, Kentaro'; Kuramitsu, Sachiko’;

Yamaguchi, Kiichiro'2; Harano, Nozomu?; Miyano, Kanako?;
Uezono, Yasuhito®; Matoba, Motohiro?; Inenaga, Kiyotoshi'(!Div.
Pyisiology, Kyushu Dental Univ. Kitakyushu, Japan, *Div. Dental Anesthesiology,
Kyushu Dental Univ. Kitakyushu, Japan, *Div. Cancer Pathophysiol., National
Cancer Center Research Institute, Tokyo, Japan, *Div. Palliative Med. and Psycho-
Oncol. Palliative Care Team, National Cancer Center, Tokyo, Japan)

Oral ulcers induce pain during food consumption and speaking. How-
ever, because no animal assay measures intraoral pain-induced behav-
iors, pain mechanisms in oral ulcers are poorly understood. In this
study, we investigated pain sensitivities to chemical and mechanical
stimulations in oral ulcers using our newly developed behavioral assays
in conscious rats. Treatment with acetic acid in the labial fornix region
of the inferior incisors developed obvious oral ulcers, showing severe
infiltration of inflammatory cells and epidermolysis in histology. Groom-
ing-like behaviors following the administration of capsaicin and citric
acid solutions were significantly enhanced by oral ulcers. The head
withdrawal threshold to mechanical stimulation to oral mucosa was
significantly decreased in oral ulcers. In immunofluorescence, oral ul-
cers produced a high infiltration of substances compared to the healthy
oral mucosa, without changes in the expression levels of TRPV1 and
ASIC3 in trigeminal ganglion. The mechanical allodynia induced by
oral ulcers was not significantly inhibited by indomethacin injection.
These results suggest that oral ulcers induce pain hypersensitivity to
chemical and mechanical stimulations, most likely due to tissue damage.
No COL

Difference in modulation of jaw-opening reflex be-
tween working and balancing side during fictive mas-
tication in rabbits

Matsunaga, Tomoko; Morita, Takumi; Hiraba, Katsunari(Department
of Physiology, School of Dentistry, Aichi Gakuin University, Nagoya, Japan)

The aim of present study is to investigate the modulation of jaw-open-
ing reflex (JOR) responses evoked by innocuous stimulation during
chewing, and assess the extent of suppression between working and
balancing sides. EMG activity of the digastric muscle was simultane-
ously recorded with movements of the incisor point of the mandible
during fictive mastication induced by electrical stimulation to the
cortical masticatory area of anesthetized rabbits. The jaw movement
signal was used to deliver the stimuli to the inferior alveolar nerve
(IAN) at given jaw positions as follows: 1) halfway of jaw closing phase,
2) end of the closing phase (ECP), 3) midpoint of the occlusal phase, 4)
the maximum jaw opened position. The JOR amplitude at ECP was
most suppressed (17.9% of the control) compared with the other posi-
tions, and the significant difference exists between the working side
and balancing side on ECP. Because the mandibular position at SOP
was exactly just before contacting of the opposing molars, it is con-
ceivable that such JOR suppression depending on the mastication side
at ECP does not result from afferent information from the IAN induced
by teeth contact that is unique to the working side during occlusal
phase of mastication. It may be concluded that the stronger JOR
suppression on the working side at ECP could be advantageous to
develop stronger biting force on the working at which the low thresh-
old mechanoreceptor in the periodontal ligament is inevitably activat-
ed by teeth contact. No COL

Spatial profile of neural excitation in rat somatosenso-
ry cortex evoked by electrical stimulation of tooth
pulps: an optical imaging study

Nakamura, Hiroko'; Koshikawa, Noriaki2; Kobayashi,

Masayuki2(' Department of Pediatric Dentistry, Nihon University School of

Dentistry, Tokyo,Japan, *Department of Pharmacology, Nihon University School of
Dentistry, Tokyo,Japan)

Nociception is processed in the several regions in the cerebral cortex
including the somatosensory cortex (SS). The topographical represen-
tation in the SS is well identified, however, it is still an open issue how
the nociception of the molar tooth pulps is processed in the SS. This
issue is critical to understand the mechanism of tooth pain, because
patients with tooth pain often claim that they cannot identify the
diseased tooth. To examine the precise regions responding to the
electrical stimulation of the maxillary and mandibular molar tooth
pulps, we performed the optical imaging technique with a voltage
sensitive dye, which enables us to visualize neural excitability in a
macroscopic manner. Electrical stimulation of the molar tooth pulps
evoked neural excitation in the two parts of the ventral part of the SS:
(1) the rostroventral part of the SS adjacent to the tongue region, and
(2) the ventral part of the SS around the middle cerebral artery. The
former SS region responded to both the maxillary and mandibular
molar tooth pulp stimuli. On the other hand, the later SS region could
be further divided into rostral and caudal subregions, which respond-
ed to the maxillary and mandibular tooth pulp stimulation, respective-
ly. These results suggest that a part of the SS responds to both the
maxillary and mandibular tooth pulps, and this might be a reason for
difficulty in idenfying a diseased tooth. No COL

Involvement of the red nucleus in the suppression in-
duced by stimulation of the raphe magnus nucleus on
the jaw-opening reflex

Satoh, Yoshihide; Ishizuka, Ken’lchi; lwasaki, Shin-ichi(Department of

Physiology, Nippon Dental Univertisy School of Life Dentistry at Niigata, Niigata,
Japan)

We found that stimulation of the red nucleus (RN) modulated the low-
and high-threshold afferent-evoked jaw-opening reflexes (JORs). It has
been reported that the RN receives projection fibers from the raphe
magnus nucleus (RMg), and stimulation of the RMg inhibited the no-
ciceptive JOR. The present study aimed to investigate the effects of
RMg stimulation between low- and high-threshold afferent-evoked
JORs, and whether RMg-induced modulation of the JOR is affected by
electric lesion of the RN. The experiments were performed on anes-
thetized rats. The test stimulation was applied to the inferior alveolar
nerve to evoke the JOR. The stimulus intensity was either 1.2 (low
threshold) or 4.0 (high threshold) times the threshold. The electromyo-
grams were recorded from the digastric muscles. The conditioning
stimulation was applied to the RMg. The control JOR responses were
recorded as well as the modulation induced by stimulation of the RMg.
The RN lesion was made by the passage of electric current. The effect
of the RMg stimulation on the JOR was tested at the termination of
lesion. Stimulation of the RMg modulated the low-threshold affer-
ent-evoked JOR. Stimulation of the RMg significantly suppressed the
high-threshold afferent-evoked JOR. Electrically induced lesions of the
RN reduced the RMg-induced suppression of the JOR evoked by the
high-threshold afferents. These results suggest that the suppressive
effect of RMg stimulation on the JOR is mediated in part by a relay
in the RN. No COL

S170 The 91st Annual Meeting of the PS], March 16 — 18, 2014, Kagoshima



Poster Presentations
Endocrinology (1)

Involvement of a neurosteroid 7a-hydroxypregneno-
lone in the expression of courtship behavior of the
male newt

Toyoda, Fumiyo'; Hasunuma, Itaru2; Nakada, Tomoaki®; Haraguchi,
Shogo*; Tsutsui, Kazuyoshi4 Kikuyama, Sakae*(*Physiol Dept-I, Nara
Medi Univ, Nara, Japan, *Dept Biol, Faculty of Sci, Toho Univ, Chiba, Japan, *Dept
of Comp Behav Med, Nippon Veterinary and Life Sci Univ Tokyo, Japan, *Dept of
Biol, Waseda Univ, and Center for Med Life Sci of Waseda Univ, Tokyo, Japan)

A neurosteroid, 7a-hydroxypregnenolone, has recently been found to
enhance locomotor activity in the male newt, Cynops pyrrhogaster.
Here, we show that this neurosteroid is also involved in enhancing the
expression of courtship behavior. Intracerebroventricular (ICV) injec-
tion of 7a -hydroxypregnenolone enhanced courtship behavior dose-de-
pendently in the sexually undeveloped males that had been pretreat-
ed with prolactin and gonadotropin, which is known to bring the males
to a sexually developed state. In the males receiving no prior injections
of these hormones, however, the neurosteroid did not elicit the behav-
ior. ICV administration of ketoconazole, an inhibitor of the steroidogen-
ic enzyme cytochrome P450s, suppressed the spontaneously occurring
courtship behavior in sexually active males. Supplementation with
7a-hydroxypregnenolone reversed the effect of ketoconazole in these
animals. It was also demonstrated that the effect of the neurosteroid
on the courtship behavior was blocked by a dopamine D2-like, but not
by a DI1-like, receptor antagonist. These results indicate that endoge-
nous 7a-hydroxypregnenolone enhances the expression of the male
courtship behavior through a dopaminergic system mediated by a
D2-like receptor in the brain. No COL

Poster Presentations
Kidney, Urination

H* secretion across the distal tubule in perfused bull-
frog kidney
Shiraiwa, Yuka; Daikoku, Eriko; Saito, Masahisa; Yamaiji, Junko;

Kubota, Takahiro(Department of Physiology, Faculty of Medicine, Osaka
Medical College, Takatsuki, Japan)

In this study, we examined the H* transport in the dilution segment
(distal tubule) by measuring transepithelial potential (TP) with pH in
the tubular fluid (pHyy) in perfused bullfrog kidney with double-barreled
ion-selective microelectrodes. Futhermore, the same experiments were
conducted in the proximal tubule. Decreasing pH in the peritubular
perfusion solution from 7.7 to 6.7 by decreasing HCO, concentration
produced the increase in the TP from ~+10 mV to ~+15 mV with
triphasic change in pHyy (initial slight increase, second decrease, fol-
lowed by the increase in in the in the distal tubule). On the other hand,
decreasing pH in the peritubular perfusion solution produced the in-
crease in the TP by 2 mV with biphasic change in pHyy (an initial
slight increase followed by the decrease in pHyp). The peritubular
perfusion with the acid solution produced the decrease in cytosolic pH
in proximal tubule cell with depolarization of peritubular membrane
potential. 10® M bafilomycin caused the initial decrease followed by
the increase in pHyy in both distal and proximal tubule. These results
indicate that H* secretion system primarily depends on the same
mechanisms, such as Na*/H* exchanger or H*-ATPase in the luminal
membrane and electrogenic HCO;4 transporter in the peritubular
membrane, in both the proximal and the distal tubule, probably except
H* extrusion mechanism in the luminal membrane in the distal tubule.
No COL
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Urinary Bladder Mucosal Responses to Chronic Isch-
emia

Sunagawa, Masataka'?, Wolf-Johnston, Amanda?;

Nomiya, Masanori®4; Sawada, Norifumi+®; Andersson, Karl-Erik4;
Hisamitsu, Tadashi'; Lori Ann, Birder2('Dept. Physiology, Showa
University School of Medicine, Tokyo, Japan, *Dept. Medicine, University of
Pittsburgh School of Medicine, PA, USA, *Dept. Urology, Fukushima Medical
University School of Medicine, Fukushima, Japan, *“Wake Forest Institute for
Regenerative Medicine, Wake Forest University School of Medicine, NC, USA,
*Dept. Urology, Interdisciplinary Graduate School of Medicine, University of
Yamanashi, Yamanashi, Japan)

Chronic bladder ischemia (CBI) has been shown to lead to bladder
dysfunctions. We investigated the expression of various cellular pro-
teins within the urothelium (UT) and lamina propria (LP) following CBI
in the rat urinary bladder.

Urinary bladders were removed from adult SD rats that underwent
a balloon endothelial injury of the iliac arteries. We examined distri-
butions of LP-vimentin-immunoreactive (IR) cells and UT-connexins
(Cx26, Cx43); and additional proteins involved in UT barrier and sen-
sory functions.

CBI was associated with significant increases in vimentin-IR cells and
increased expression of the gap-junction proteins Cx26 and Cx43 as
compared to sham control. CBI also resulted in changes in expression
levels of junctional markers (ZO-1) and NGF as well as norepinephrine.
Our findings reveal that CBI alters a number of proteins within the
urothelium and underlying lamina propria. These proteins are involved
in remodeling, repair as well as intercellular communication. In addition,
the increased expression of vimentin-IR cells also suggests that chang-
es in cell-cell interactions could play a role in CBI-induced changes in
bladder activity. No COL

New methods for in vivo study of rapid homeostatic
response of the kidney to calcium reduction in the
mouse.

Murata, Miyahiko' ('Department of Medical Care and Welfare Engineering,

School of Industrial and Welfare Engineering, Tokai University, Kumamoto, Japan,
2Institute for Frontier Medical Sciences, Kyoto University, Kyoto, Japan)

Calcium (Ca) homeostasis of the body fluid is well known to be strict-
ly regulated by two hormonal systems, i.e., parathroid hormone and
vitamin D systems. The kidney is also associated with the Ca homeo-
stasis by active resorption of Ca at the distal convoluted tubule, how-
ever, its autonomous contribution to the Ca homeostatic response,
especially to the acute Ca decrease, is unclear. To elucidate the acute,
dynamic regulation of Ca homeostasis by the kidney, I developed a
technique to collect blood simultaneously from both the renal artery
and vein in the anesthetized mouse. This technique enabled differential
measurement of Ca concentration of the input-output of a kidney, by
using i-Stat (free Ca concentration) and/or DriChem (total Ca concen-
tration) systems. In addition, for rapid lowering of Ca concentration, I
used a novel “dilution method”. In this method, the intravenous injec-
tion of calcium-free perfusate lowers Ca concentration to the aimed
level and the dilution rate can be confirmed by measuring hematocrit.
As the result, Ca concentration in the output vein kept higher than
that in the input artery of the kidney at all periods after lowering Ca.
This suggests the kidny autonomously elevates Ca concentration in
response to rapid drop. No COL

Effect of a hydrogen-enriched solution on the albumin
redox of hemodialysis patients.

Terawaki, Hiroyuki'-3; Zhu, Wan-Jun'; Terada, Tomoyoshi?;
Matsuyama, Yukie?; Takahashi, Yasuhito'; Sakurai, Kaoru’;
Kabayama, Shigeru?; Miyazaki, Mariko?; Itami, Noritomo?;
Nakazawa, Ryoichi?; Ito, Sadayoshi®; Nakayama, Masaaki'-3;

Era, Seiichi?('Dialysis Center, Fukushima Medical University, Fukushima,
Japan, *Department og Physiology and Biophysics, Gifu University School of
Medicine, Gifu, Japan, *Electrolyzed Water Hemodialysis Study Group, Osaka,
Japan)

Elevated oxidative stress (OS) is associated with severe cardiovascular
disease and premature death among patients treated with hemodial-
ysis (HD). OS is enhanced by contact between blood and dialysis
membranes during HD sessions. This study aimed to clarify whether
hydrogen (H2), which is a known antioxidant, is capable of suppressing
increased OS induced during HD sessions.

Eight patients on regular HD treatment were studied. Two HD sessions
were performed in a cross-over design trial using standard (S-HD) and
hydrogen-enriched solutions (H2-HD). Blood samples were obtained
from the inlet and outlet of the dialyzer during HD to determine
changes in plasma levels of glutathione, hydrogen peroxide, and albu-
min redox state as a marker of OS. Comparison of inlet and outlet
blood revealed significant decreases in total glutathione and reduced
glutathione, as well as significant increases in hydrogen peroxide in
both HD treatments. However, the mean proportion of reversibly
oxidized albumin in outlet serum was significantly lower than in inlet
serum following the H2-HD session, whereas no significant changes
were found in S-HD, suggesting that intra-dialyzer OS is reduced by
H2-HD.

In conclusion, the application of H2-enriched solutions could ameliorate
OS during HD. No COL
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Identification of amino acid residues involved in the
TRPA1 inhibition by utilizing species specific differ-
ence

GUPTA, RUPALI'2; SAITO, SHIGERU;

TOMINAGA, MAKOTO'"2('Division of Cell Signaling, Okazaki Institute for
Integrative Bioscience (National Institute for Physiological Sciences), National

Institutes of Natural Sciences, Okazaki, Japan., *Department of Physiological
Sciences, The Graduate University for Advanced Studies, Okazaki, Japan)

Transient receptor potential ankyrin Al (TRPAI) receptor is a mem-
ber of TRP superfamily and an excitatory nonselective cation channel.
An increasing body of evidence suggests that TRPAI acts as a noci-
ceptive receptor for various chemicals and physical stimuli. Many
TRPAI1 antagonists have been developed and some of them function
as analgesic agents. A previous study showed that AP18, a mammali-
an TRPA1 antagonist, did not inhibit heterologously expressed western
clawed frog TRPA1 (fTRPA1). Here, I show that fTRPA1 is also in-
sensitive to A967079 (A96), one of the most potent mammalian TRPA1
antagonist which is structurally similar to AP18. In a heterologous
expression system with Xenopus oocytes, A96 failed to inhibit fTRPA1
activation elicited by TRPA1 agonists. Mutant channel analyses re-
vealed that specific two amino acid residues located within the fifth
transmembrane domain were involved in the inhibitory action of A96.
Same amino acids were previously reported to be involved in the AP18
inhibition. These findings are based on species differences in sensitiv-
ity of TRPA1 antagonists provide novel insights for structural-function
relationship of TRPA1 and useful information in the search for new
analgesic medicines targeted for TRPA1. No COL

Heat and AITC activate green anole TRPA1 in a
membrane-delimited manner

Kurganov, Erkin'2; Zhou, Yiming'-3; Saito, Shigeru's;

Tominaga, Makoto'23('Division of Cell Signaling, National Institute for

Physiological Sciences, *The Graduate University for Advanced Studies,
SOKENDALI, *Okazaki Institute for Integrative Bioscience)

Transient receptor potential ankyrin 1 (TRPA1) is a Ca*-permeable
non-selective cation channel that is activated by various noxious stim-
uli. TRPA1 was initially identified as a potential mediator of noxious
cold stimuli in mammalian nociceptive sensory neurons while TRPAls
from non-mammalian vertebrates (snakes, green anole lizards and
frogs) were recently reported to be activated by heat, but not cold
stimulus. In this study, we examined properties for TRPA1 channel
of green anole (gaTRPA1) relating to thermal and chemical stimulation
in whole-cell and single-channel recordings. Heat and AITC activate
gaTRPA1 both solely and synergistically in whole-cell level. In the
absence of extracellular Ca?* very small currents were observed upon
heat stimulation, while current sizes and desensitization were similar
both in the presence and absence of extracellular Ca?" upon AITC
stimulation. gaTRPA1 channels were also activated by heat and AITC
in excised membrane patches with an inside-out configuration. By
comparing the kinetics of heat- and AITC-evoked single-channel cur-
rents, we defined similarities and differences of gaTRPA1 channel
responses to heat and AITC. We observed similar current-voltage
relationship and unitary amplitutdes for heat- and AITC-evoked cur-
rents while we found that heat-activated currents showed shorter
durations of both open- and closed-times. Our results suggest that the
gaTRPAI1 channel is directly activated by heat and chemical stimuli.
No COL

Evolution of vertebrate TRPA1 channel as O, sensor

Yamaguchi, Kaori; Takahashi, Nobuaki '; Mori, Yasuo(Dept Technol &
Ecol, Kyoto Univ, Kyoto, Japan)

The fluctuations in atmospheric oxygen (O,) level have driven the
evolution of organisms. Approximately 2 billion years ago, when O,
was geologically accumulated after the evolution of oxygenic photo-
synthesis in cyanobacteria, mitochondrion was ingested in the progen-
itor cell of Eukaryota, enabling the reduction of O, toxicity as well as
the efficient production of ATP. Approximately 200 million years ago,
when O, was geologically reduced presumably by the global volcanic
action, ancestor of mammalian acquired viviparity, enhancing O, sup-
ply to their fetus. Furthermore, higher organisms have acquired the
sensing systems of low-O, (hypoxia) and high-O, (hyperoxia) to secure
energy production while diminishing the risk of O, toxicity. However,
it remains unclear when animals acquired the O, sensing systems in
the process of evolution. Our group has previously shown that mouse
and human TRPAI channel detects O, availability in vagus. In this
study, we explored the O, sensitivity of TRPA1 channels in different
species (amphibia, avian, and marsupial). Genetic analysis showed that
xenopus, chicken, and wallaby TRPA1 did not obtain the prolyl residue
responsible for hypoxia sensing in human TRPA1, whereas vivipara
obtained the prolyl residue on TRPAL. Electrophysiological measure-
ments revealed that chicken TRPA1 failed to respond to hypoxia. Thus,
it is highly possible that TRPA1 acquired O, sensing mechanisms
around the same time as the acquirement of viviparity function, sug-
gesting that hypoxic environment approximately 200 million years ago
have driven the acquirement of O, sensing mechanisms as well as that
of viviparity function. No COL

Model Simulation of PLC-operated TRPC Currents
Regulating by PI(4,5)P,-DAG Signaling

Mori, Masayuki X'; Itsuki, Kyohei?; Imai, Yuko?3;

Okamura, Yasushi4 Inoue, Ryuiji®; Hase , Hideharu';

mori, yasuo'(‘Department of Synthetic Chemistry and Biological Chemistry,
Kyoto University, Kyoto, Japan, *Kyushu University, Faculty of Dental Sciences,
Fukuoka, Japan, >Fukuoka University, Department of Physiology, Fukuoka, Japan,
*Osaka University, Department of Integrative Physiology, Osaka, Japan)

Transient receptor potential classical/canonical (TRPC) 3, C6 and C7
are non-selective cation channels, playing key roles in cardiovascular,
gastrointestinal, renal and nervous system physiology. We have re-
cently reported that the depletion of phosphatidylinositol 4,5-bisphos-
phate [PI(4,5)P,] inhibits TRPC channel activity, irrespective to the
presence of the channels activator ‘diacylglycerol(DAG). However, the
complex regulation by PI(4,5)P, and DAG to the PLC-coupled receptor
TRPC currents is difficult to address how the respective regulators
differentially contribute to these channels. To aid an intuitive under-
standing of this complex regulation, we here built a PLC-coupled TRPC
channel model consisting of PI-turnover metabolism, channel gating,
and behavior of PI(4,5)P, sensor proteins (CFP/YFP fused PH-domain).
Respective sections of this model were made based on the enzymatic
reaction, the ligand-gated channels, and protein-ligand isotherms, re-
spectively. By accordance of the simultaneous measurements of lipid
dynamics / TRPC currents and the model simulation, our results
demonstrated that the strength of PLC activity is critical to the ap-
pearances of TRPC currents, such as the current amplitudes, the total
ionic influx and the peak time through the various changes of PI(4,5)
P, and DAG. No COL
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Abnormal receptor-response and mechanosensitivity
of mutant TRPC6 channels associated with familial
focal segmental glomerulosclerosis (FSGS) - involve-
ment of cytoskeleton and podocin

Ichikawa, Jun; Inoue, Ryuji(Dep.Physiol., Fukuoka Univ.Sch.Med., Fukuoka,
Japan)

Several mutations of transient receptor potential cation channel 6
(TRPC6) in human podocytes are known to cause the inherent forms
of glomerosclerosis, FSGS. We investigated the functional impacts of
murine TRPC6 FSGS mutations near its N-terminal ankyrin repeats
(G108S, P111Q, N124S, M131T, N142S, R174Q) in heterologous expres-
sion system with Ca?" imaging and patch clamp techniques. The 111Q,
131T and 142S mutants showed enhanced receptor responses to car-
bachol. In contrast, except for some of 131T mutants being highly
mechanosensitive, all FSGS mutants showed diminished mechanical
responses to 2,4,6-trinitrophenol which is normal in wild-type TRPC6.
The enhanced mechanical response of 131T mutant as well as normal
mechanosensitivity of wild-type were abolished by disrupting actin
cytoskeleton with cytochalasin D. In coimmunoprecipitation experi-
ments, simultaneous application of receptor stimulation and mechani-
cal stress enhanced the physical interaction of actin with TRPC6
protein, which was variably affected by FSGS mutations. Co-expression
of TRPC6 with podocin, a slit diaphragm protein, suppressed both
receptor and mechanical responses. These observations indicate that
FSGS mutations near N-terminal ankyrin repeat domains alter the
degree of receptor activation of TRPC6, and its mechanosensitivity
and interaction with actin. Such differences may partly explain the
etiology of FSGS in which degeneration of podocytes leads to disruption
of renal filtration barrier. No COL

Redox signal-mediated sensitization of Transient Re-
ceptor Potential Melastatin 2 (TRPM2) to tempera-
tures affects insulin secretion from the pancreatic
B-cells

Kashio, Makiko'; Mori, Yasuo?; Tominaga, Makoto' (‘Division of Cell
Signaling, OIIB, NIPS, Okazaki, Japan, *Kyoto Univ., Kyoto, Japan)

Pancreatic B-cell has a unique function coupling glucose sensing and
metabolism to insulin secretion, a vital process in energy homeostasis.
In the pancreatic f-cell, reactive oxygen species (ROS) including H,0O,
are generated concomitantly with the glycolytic and respiratory me-
tabolism. Interestingly, expression levels of antioxidant enzymes are
extremely low in the pancreatic f-cells compared with other tissues.
This raises the possibility that ROS produced incidental to blood glu-
cose elevation could serve signaling functions in glucose-induced insu-
lin secretion from the pancreatic f-cells.

TRPM2 is a Ca**-permeable cation channel and expressed in various
tissues including brain, spleen, kidney and pancreatic S-cells where
TRPM2 is surrounded by body temperatures. We have previously
found an activation mechanism of TRPM2 whereby its heat-evoked
response is dynamically elevated by H,0,, termed “sensitization”. The
regulatory mechanism by H,0, is thought to enable TRPM2 to activate
at body temperature by lowering temperature threshold from supra-
physiological to physiological levels.

In WT pancreatic f-cells, H,0, enhanced not only heat-evoked [Ca®]-in-
crease but also glucose-induced [Ca*'J-oscillation at 37°C. However,
these effects of H,O, were not observed in TRPM2KO cells. Because
an oscillatory increase in [Ca*]; is a key feature in glucose-induced
insulin secretion from the pancreatic f-cells, we will show the difference
in insulin secretion between WT and TRPM2KO pancreatic islets. No
COL

Involvement of TRPM6/TRPM7 heterotetramers in
maternal-fetal calcium transport

Suzuki, Yoshiro'?; Watanabe, Masaki'; Saito, Claire';

Fukuta, Naomi'; Tominaga, Makoto'2(' Division of Cell Signaling, Okazaki
Instutute for Integrative Bioscience (NIPS), Okazaki, Japan, ’SOKENDAI, Okazaki,
Japan)

Serum Ca?* level in fetus should be finely maintained in order to sus-
tain the development and function of the brain, muscle and other tis-
sues. In parallel, during the last trimester, fetus develops bones to
survive after birth. However, the molecular components as well as the
mechanism of regulation of the maternal-fetal Ca** transport have not
been fully understood. In this study, we identified TRPMS6, a Ca?*
permeable cation channel as a candidate apical Ca*" entry pathway
for maternal-fetal Ca?* transport. TRPM6 mRNA was densely localized
in the intraplacental yolk sac, which was reported to be important for
maternal-fetal Ca** transport in rodents, and its mRNA level signifi-
cantly increased during the last 4 days of pregnancy, which coincided
with fetal bone formation in mice. Moreover, in primary mouse tro-
phoblasts, using Ca?*-imaging and patch-clamp methods we observed
an intracellular Ca** increase and current with charecteristics of
TRPM6/TRPM7 heterotetramer. These currents were also observed
in human TRPM6c-transfected HEK293 cells which express human
TRPM?7 endogenously. However, these currents were not observed in
mock- or mouse TRPM6-transfected HEK293 cells. These results
suggest that TRPMBS is involved in the maternal-fetal Ca?* transport,
forming tetramers with TRPM7 in placental trophoblasts. No COL

TRPM?7 is highly expressed in the odontoblasts
Katagiri, Chiaki'; Tsumuraya, Tomoyuki'; Okamoto, Fujio?

Koji, Okabe?; Matsushita, Masayuki'(!Dep of Molecular and Cellular
Physiology, Grad Sch of Medicine, University of the Ryukyus, Japan, *Section of
Cellular Physiology, Fukuoka Dental College, Japan)

Transient receptor potential (TRP) ion channel family is well known
to play a role in a sensor such as temperature, osmotic pressure, and
redox status. Among TRP channel family, TRPM7 has a unique struc-
ture organization that contains a TRP channel domain with 6 trans-
membrane segments fused to an atypical serine-threonine kinase do-
main at its C terminus. Genetic deletion of TRPM7 in model systems
demonstrates that this channel is critical for cellular growth and em-
bryonic development. In this study, we found that TRPM7 is highly
expressed in odontoblasts in the dental pulp by in situ hybridization
of mouse embryo. Quantitative real-time PCR analysis revealed that
expression of TRPM7 in the tooth was remarkably higher than any
other tissue of adult mouse. We also confirmed that TRPM7 protein
is expressed in odontoblasts by immunohistochemistry. To investigate
the physical function of TRPM?7 in odontoblasts, we examined TRPM7
channel activities using rat odontoblast cell line. These results sug-
gested that higher expression of TRPM7 play as an important role in
odontoblasts. No COL

S174 The 91st Annual Meeting of the PS], March 16 — 18, 2014, Kagoshima



TRPM?7 kinase activity is not necessary for oxidative
stress-induced current inhibition.

Inoue, Hana'; Murayama, Takashi?; Konishi, Masato'('Department of
Physiology, Tokyo Medical University, Tokyo, Japan, *Juntendo Univ. Sch. Med.
Tokyo, Japan)

TRPM?7 is a Ca*/Mg?*" permeable non-selective cation channel which
contains a kinase domain at its carboxyl terminal. We previously
demonstrated that TRPM7 current was inhibited by oxidative stress.
In the present study, we explored the mechanisms for redox sensing
by introducing mutations in TRPM?7. Tetracycline-inducible HEK cell
lines for stably expressing wild type (WT), kinase domain deleted
(deltaK), M1596A (MA), and K1645R (KR) murine TRPM7 were estab-
lished. Whole-cell recordings in WT revealed that TRPM7 current
was inhibited by oxidative stress induced by hydrogen peroxide (H,O,,
500 uM) in a [Mg*]; dependent manner (2.8%2.7%, 26.3%1.4% or
82.0£5.7% inhibition under 0, 7.9 or 232 uM [Mg?*']; conditions, respec-
tively). H,O, inhibited 24.3+4.2% of deltaK current in the absence of
intracellular Mg*. However, Mg?" dependent inhibition couldn’'t be
examined, since deltaK current exhibited rundown with Mg?*-contain-
ing intracellular solutions. M1596 is a corresponding residue of M1755
of TRPM6 which has been reported to be oxidized by H,0, and involved
in the current inhibition. While mutation of M1755 to alanine made
TRPMS6 resistant to H,O,, TRPM7 MA mutant remained sensitive to
H,0,. Moreover kinase inactive KR mutant exhibited the current in-
hibition by H,0, similar to WT (12.0£1.5%, 50.5=10.2% or 81.8+2.3%
inhibition under 0, 7.9 or 232 uM [Mg*], conditions, respectively). It is
concluded that M1596 and K1645 are not indispensable for inhibiting
TRPMY7 current in response to oxidative stress. No COL

Investigation the effect of palmitoylation on TRP
channels

Zhou, Yiming'; Oku, Shinichiro?; Fukata, Masaki?;

Tominaga, Makoto'('Division of Cell Signaling, Department of Cell
Physiology, National Institute for Physiological Sciences, Okazaki, Japan, Division
of Membrane Physiology, Department of Cell Physiology, National Institute for
Physiological Sciences, Okazaki, Japan)

S-palmitoylation is a common reversible post-translational modification
of many proteins. It has been shown to control protein surface expres-
sion, spatial organization, protein-protein interactions, and functional
activity. Dysregulation of S-palmitoylation has been reported to be
associated with a large number of diseases, such as schizophrenia,
mental retardation and cancer. Recently, some ion channels, such as
AMPA, NMDA-type glutamate receptors, potassium and sodium chan-
nels have been proven to be regulated and influenced by palmitoylation.
TRP channels are non-selective cation channels. They are expressed
in most tissues and cell types, are activated by a wide range of stim-
uli and play important roles. Many studies have revealed that the TRP
channels are important for sensations such as taste, pain, and tempera-
ture, both in the peripheral and central nervous systems. Defects and
abnormalities in TRP channels are associated with many diseases such
as pain disorder, polycystic kidney disease and cancer. This study is
designed to clarify whether and how TRP channels are regulated by
palmitoylation. In addition, this study also examines whether the ab-
normal palmitoylation state of TRP channels are associated with any
diseases in our body. No COL

Analysis of the propofol-induced mammal TRP chan-
nel activation.
Nishimoto, Rei'2; Kashio, Makiko?;

Tominaga, Makoto'-2('Physiological Sciences, Sokendai, Okazaki, Japan, *Cell
signaling, OIIB, NIPS, Okazaki, Japan)

Propofol (2,6-diisopropylphenol) is one of the intravenous anesthetic
drugs and commonly used in clinical field for general anesthesia. Ad-
ditionally, it causes an intense pain upon injection. To understand the
mechanism of propofol-induced pain, we focused on transient receptor
potential (TRP) receptors vanilloid 1 (TRPV1) and ankyrin 1 (TRPA1),
which are important ion channels for pain sensation. We performed
calcium-imagings and whole-cell patch-clamp recordings by using
mouse dorsal root ganglion (DRG) cells prepared from wild-type (Wt)
and knockout (KO) mice. In the calcium imaging study, there was no
difference in percentage of the propofol-responsive DRG cells isolated
from Wt, TRPV1KO and TRPA1KO mice. Propofol-induced calcium
influx were still observed in the DRG cells from TRPV1/A1l double
KO mice. Picrotoxin, an antagonist of GABA, receptors, completely
inhibited the propofol-induced calcium influx observed in the DRG cells
from TRPV1/A1 double KO mice. In the whole-cell patch-clamp study,
propofol caused inward currents in the DRG cells from TRPV1/A1l
double KO mice and they also responded to the application of GABA.
The results indicate that propofol might cause calcium influx into DRG
cells partially through GABA, receptors. No COL

Inhibition of the compound action potentials of frog
sciatic nerves by aroma-oil compounds having vari-
ous effects including TRP activation

Ohtsubo, Sena; Matsushita, Akitomo; Fujita, Tsugumi; Jiang,

Chang-Yu; Xu, Zhi-Hao; Kumamoto, Eiichi(Dept. Physiol., Saga Med.
Sch., Saga, Japan)

We have previously reported that capsaicin, menthol and allyl isothio-
cyanate, which activate TRPV1, TRPM8 and TRPAI, respectively,
inhibit fast-conducting compound action potentials (CAPs) recorded
from the frog sciatic nerve without TRP activation. The present study
examined how aroma-oil compounds having various actions including
TRP activation affect frog sciatic nerve CAPs by using the air-gap
method. Citral, which activated TRPV1, TRPMS, TRPA1 and TRPV3,
attenuated CAP peak amplitudes with the half-maximal inhibitory
concentration (IC;) value of 048 mM; this action was resistant to a
non-selective TRP antagonist ruthenium red. Camphor, a TRPV1 and
TRPV3 agonist, also reduced CAP peak amplitudes (by 30 % at 5 mM)
in a manner insensitive to ruthenium red. Lavender-oil compounds,
linalyl acetate and linalool, reduced CAP peak amplitudes with the ICs,
values of 0.49 and 1.65 mM, respectively. Citronellal, L-bornyl acetate
and rose oxide reduced CAP peak amplitudes with the IC;, values of
0.50, 0.65 and 2.0 mM, respectively, while myrcene at a high concen-
tration such as 5 mM hardly reduced CAP peak amplitudes. An effi-
cacy sequence of the aroma-oil compounds for the CAP inhibitions was
aldehydes (citral, citronellal) > esters (linaryl acetate, L-bornyl acetate)
> alcohols (linalool) > oxides (rose oxide) >> hydrocarbons (myrcene).
It is suggested that aroma-oil compounds inhibit nerve conduction in
a manner specific to their chemical structures without TRP activation.
No COL
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Interaction among crude medicines contained in dai-
kencyuto in frog sciatic nerve compound action po-
tential inhibition

Matsushita, Akitomo; Ohtsubo, Sena; Fujita, Tsugumi;

Jiang, Chang-Yu; Xu, Zhi-Hao; Kumamoto, Eiichi(Dept. Physiol., Saga
Med. Sch., Saga, Japan)

We have previously reported that traditional Japanese medicines have
an ability to reduce the peak amplitude of frog fast-conducting com-
pound action potential (CAP) and that daikencyuto (DTK) is the most
effective in inhibiting CAPs among various kinds of the medicine. DKT
is composed of three kinds of crude medicine, ginseng, Japanese pep-
per and processed ginger. The present study was undertaken to know
whether their crude medicines inhibit CAPs and if so whether there
is an interaction among their inhibitory actions. The experiments were
performed by applying the air-gap method to the frog sciatic nerve.
When each of the crude medicines at 2 mg/ml was tested, Japanese
pepper and processed ginger reduced CAP peak amplitude by 70 %
and 30 %, respectively, while ginseng radix hardly affected CAPs. The
inhibitory action of Japanese pepper had a half-maximal inhibitory
concentration (IC;) value of 0.77 mg/ml. Ginseng radix (0.6 mg/ml),
which had no effect on CAPs, unaffected the inhibitory action on CAPs
of processed ginger in a range of 0.2 to 2 mg/ml, but had a tendency
to enhance the inhibition of CAPs by low (< 0.5 mg/ml) but not high
(> 0.5 mg/ml) concentrations of Japanese pepper. Processed ginger
(1 mg/ml) also had a tendency to increase CAP inhibition by Japanese
pepper at low but not high concentrations. It is suggested that there
is an interaction in nerve conduction inhibition among crude medicines
contained in DKT in a manner dependent on their concentrations. No
COL

Molecular basis of voltage-dependent inactivation of
TRPP3 channels
Higuchi, Taiga'; Shimizu, Takahiro'; Fujii, Takuto'; Nilius, Bernd?;

Sakai, Hideki'('Grad. Sch. Med. Pharm. Sci. Univ. Toyama, Toyama, Japan, 2KU
Leuven, Leuven, Belgiumn)

We previously found that transient receptor potential polycystin 3
(TRPP3)-expressing HEK293T cells exhibit distinct tail currents in-
duced by repolarization after depolarization, suggesting that TRPP3
channels at an open state can transit to an inactivated state in response
to membrane depolarization. However it has not been clarified molec-
ular basis of this transition. In some Kv channels, N-type and C-type
inactivation mechanisms have been reported: the pore is occluded by
movement of intracellular N-terminus in the N-type mechanism, and
the peripheral structure of a selective filter is altered in the C-type
mechanism. To investigate the inactivation mechanism of TRPP3
channels, we constructed several mutants: AN, A2-90 amino acid resi-
dues; R534A; R534K; R534Q; 4A, NANR(531-534)-AAAA; 3A, NANR(531-
534)-AAAR). In the AN mutant, the tail currents were still observed
by repolarization after depolarization. On the other hand, no significant
tail currents were observed in the R534A, R534Q and 4A mutants,
while the currents were retained in the R534K and 3A mutants. These
results suggest that the intracellular N-terminus is not involved in the
TRPP3 inactivation, and that positive charge of the outer pore residue
R534 is essential for the voltage-dependent inactivation of TRPP3
channels. No COL

Molecular basis for the species difference of TRPV1
channel property related to temperature adaptation in
Xenopus species

Saito, Shigeru'3; Ohkita, Masashi?; Saito, Claire T.'; Fukuta,
Naomi'; Ohta, Toshio?; Tominaga, Makoto'3(*Okazaki Institute for
Integrative Bioscience (NIPS), Okazaki, Japan, 2Faculty of Agriculture,

Tottori University, Tottori, Japan, 2 The Graduate University for
Advanced studies, Okazaki, Japan.)

Our aim is to clarify the molecular mechanism of temperature adap-
tation especially focusing on evolutionary changes of temperature
sensation among different species. For this purpose, we focused on
two species of clawed frog (Xenopus tropicalis and Xenopus laevis).
The optimal temperature range of X. laevis is 16-22°C, while that of
X. tropicalis is 24-28°C. We first compared the thermal behavioral
responses and found that X. leevis is much more sensitive to heat
stimulation than X. tropicalis. Thus, we cloned TRPV1, which serves
as a heat receptor in a wide variety of vertebrates, from both species
and compared the channel properties. TRPV1 channel property differed
between the two species in that X. laevis TRPV1 exhibited almost full
activity from the first heat stimulation, while X. tropicalis TRPV1
exhibited only a partial activity in the first heat stimulation and the
activity gradually increased with repeated heat stimulation. By char-
acterizing TRPV1 chimeras and point mutant channels, we found that
the three amino acid substitutions in TRPV1 between X. laevis and
X. tropicalis are involved in the species differences of channel proper-
ty. In conclusion, we identified the functional change of a temperature
receptor related to temperature adaptation and also clarified the mo-
lecular basis for the differences of the temperature receptor function.
No COL

Alanin scan analysis in the pore region of TRPV1
channel

Murata, Yoshimichi; Kazama, Itsuro; Maruyama, Yoshio(Department
of Physiology, Tohoku University Graduate school of Medicine)

TRP channels can sense and are activated by diverse environmental
stimuli such as changes in temperature, membrane voltage, mechani-
cal force and internal or external chemical ligands. However it is not
known that why TRP channels could be activated by such various
stimuli. We would like to reveal the molecular basis for the TRP
channel gating. Are there any common mechanisms to TRP channel
gating? TRP channels appear to have many bulky amino acid residues
in pore regions compare to Kv channels. We studied the role of the
bulky residues in TRPV1 channel function. We made series of alanin
replacement mutants in S5 and S6 of TRPV1. TRPV1 and their mu-
tants were expressed in HEK293 cells and patch clamp recordings
were performed to evaluate the change of gating properties. In addition,
we examined the sensitivity of mutant channels to capsaicin. No COL
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Activation of TRPV2 may inhibit the differentiation of
mouse brown adipocytes

Sun, Wuping'-?; Uchida, Kunitoshi'-2; Takahashi, Nobuyukis;

Suzuki, Yoshiro'?; Zhou, Yiming'; Kawada, Teruog;

Tominaga, Makoto'-2('Division of Cell Signaling, Okazaki Institute for

Integrative Bioscience (National Institute for Physiological Sciences), Okazaki,
Japan, *Department of Physiological Sciences, SOKENDAI, Okazaki, Japan)

Transient receptor potential vanilloid 2 (TRPV2) is a Ca**-permeable
non-selective cation channel, which has been reported to be sensitive
to temperature, mechanical force and some chemicals. TRPV2 plays
vital roles in the regulation of various cellular functions. However, the
molecular identity and function of TRPV2 remains unexplored in mouse
brown adipocytes. This study aimed to clarify the expression of TRPV2
and its function in brown adipocytes. We found that TRPV2 mRNA
and protein are expressed in brown adipocytes. Electrophysiological
results demonstrated that functional TRPV2 is predominantly observed
in brown adipocytes. Moreover, the expression of TRPV2 was dramat-
ically increased during the differentiation of brown adipocytes. Non-se-
lective TRPV2 agonists, 2-Aminoethoxydiphenyl borate (2APB) and
lysophosphatidylcholine (LPC) inhibited the differentiation of brown
adipocytes with a dose-dependent manner and the inhibition was
rescued by a TRPV2 selective antagonist, SKF96365. In addition,
mechanical stimulation, which activates TRPV2, also strength-de-
pendently inhibited the differentiation of brown adipocytes and the
effect was recovered by SKF96365. Thus we conclude that TRPV2
might be involved in the regulation of brown adipocyte differentiation.
No COL

Transient receptor potential vanilloid 4 (TRPV4) as a
mechanotransducer in the mouse esophagus

Boudaka, Ammar'; Boudaka, Ammar'2; Mihara, Hiroshi23;
Sugiyama, Toshiro®, Tominaga, Makoto?('Department of Physiology,
College of Medicine and Health Sciences, Sultan Qaboos University, *Division of
Cell Signaling, National Institute for Physiological Sciences, Okazaki, Japan)

Mechanical sensation from the esophagus is conveyed to the CNS via
vagal afferents that have special terminal structures in the esophageal
wall called intraganglionic laminar endings (IGLEs) and express puri-
nergic receptors. The exact mechanism that mediates this mechano-
transduction is still largely unknown. Transient receptor potential
channel vanilloid 4 (TRPV4) can detect various stimuli such as warm
temperature, stretch and some chemicals. Its expression and function
in the esophagus was not studied. Here, we show structural and func-
tional TRPV4 expression in mouse esophagus and its involvement in
ATP release.

TRPV4 mRNA and protein were detected in esophageal keratinocytes.
Several TRPV4 activators, including stretch stimuli, have increased
cytosolic Ca®" concentrations in WT, but not in TRPV4KO keratino-
cytes. GSK (TRPV4 agonist) and heat stimulus evoked TRPV4-like
current responses in WT, but not in TRPV4KO cells. The mRNA of
a newly identified ATP transporter, VNUT and its protein were also
detected in WT keratinocytes. TRPV4 activators (GSK and heat stim-
ulus) increased ATP release from WT, but not from TRPV4KO cells.
Conclusion: TRPV4 mediates esophageal mechanotransduction via
ATP release that possibly activates purinergic receptors on IGLEs.
No COL

Involvement of L-type Ca2+channels in postnatal
neurogenesis of the rodent adult hippocampal derived
stem cells

Teh, Daniel Boon Loong; Ishizuka, Toru; Yawo, Hiromu(Dept Dev Biol
& Neurosci, Tohoku Univ Grad Sch of Life Sci, Sendai, Japan.)

Dentate gyrus of hippocampus is a region of well documentated neu-
rogenesis. Neurogenesis is presumed to be regulated by L-type Ca2+
channels (LTCCs), via the mitogenic and survival signaling pathways.
Here, we tested if LTCCs are involved in neurogenesis using PZ5, a
neural stem cell line. We demonstrated that the proliferation rate of
undifferentiated PZ5 was affected neither by the general LTCC agonist,
BayK 8644, Cav1.2/1.3 specific agonist, FPL64176, nor by the LTCC
antagonist, nimodipine, as compared to the control. Only Cavl.2 and
Cavl.3 LTCCs subsets were presence at undifferentiated PZ5 cells.
Retinoic acid induced differentiation was carried for 12-days in respec-
tive LTCC agonists and antagonist. BayK and FPL significantly in-
creased the fraction of neuronal population (SIII-tubulin+/MAP2+),
while nimodipine retarded it. We also noted an inverse pattern of
oligodendrocytes fraction as compared to the neuronal fraction. The
astrocytes fraction remained the same in all groups. The number of
NeuN+/pIII-tubulin+, appeared significantly higher in FPL and BayK
as compared to nimodipine, suggesting that early maturation in LTCC
active cells. These neurons were able to invoke action potential, sug-
gesting its functionality. It is suggested that Cav1.2 and Cav1.3 promote
PZ5 differentiation into neuronal fraction, at the expense of the oligo-
dendrocytic population. No COL

The lobe-specific interaction of calmodulin with the
cardiac CaV1.2 channel

Shao, Dong-Xue'?; Xu, Jianjun?; Zhao, Meimi'; Sun, Yu';

Minobe, Etsuko?; He, Guilin'; Feng, Rui'; Hu, Huiyuan'; Sun,
Xuefei'; Guo, Feng'; Kameyama, Masaki?; Hao, Liying' (‘Department
of Pharmaceutical Toxicology, School of Pharmaceutical Science, China Medical
University, Shenyang, China, *Department of Physiology, Graduate School of
Medical and Dental Sciences, Kagoshima University, Kagoshima, Japan)

To assess the contribution of lobes in the calmodulin (CaM) interaction
with cardiac Cav1.2 channel, CaM was separated into 2 parts at the
middle of the molecule: N-lobe and C-lobe (N-CaM and C-CaM). We
examined the binding of N-CaM and C-CaM with the fragments of the
putative CaM binding domains (N-terminus and CT1 in the Cavl.2
channel). We found that both N-CaM and C-CaM bound to N terminus
and CT1 in a Ca?*-dependent manner, while mutation of Ca** binding
sites in each lobe abolished Ca®*-dependence of binding. Interestingly,
although N terminus just bound 1 molecule of lobe, 1 molecule of CT1
bound 3 molecules of C-CaM and 1 molecule of N-CaM, respectively.
Combined with our previous studies which show that CaM interacts
with Cavl.2 in 2:1 manner, our present study suggests that that one
molecule of CaM may bind with both lobes bound to C-terminal of
CaV1.2, the other molecule of CaM binds with only a single C-or N-lobe
bound to C-terminal of CaV1.2 and another N-or C-lobe bound to
N-terminal of CaV1.2. No COL
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The role of nucleotides in regulation of cardiac Cav1.2
channel

Liu, Shuyuan'#; Xu, Jianjun'; Minobe, Etsuko'; Kameyama, Asako';
Hao, Liying®, Kameyama, Masaki' (Department of Physiology, Graduate
School of Medical and Dental Sciences, Kagoshima University, Kagoshima,Japan.,
?Department of Pharmaceutical Toxicology, School of Pharmacological Science,
China Medical University, Shenyang, China)

Our previous studies suggest that MgATP coordinates with calmodulin
(CaM) in maintenance of cardiac Cavl.2 channel activity in the in-
side-out patches via direct interaction with channel. Since the similar-
ity of structures among nucleotides, we speculate that other nucleotides
can also induce Cavl.2 channel activity in the presence of CaM. To
examine this hypothesis, we recorded the single Ca*" channel current
in isolated guinea pig ventricular myocytes using patch clamp tech-
nique. After the patches excised from cell membrane, 1uM CaM to-
gether with nucleotides (ATP, GTP, CTP and UTP) were applied, we
found, although CaM alone had minimal effect on Cavl.2 activity, it
significantly induced channel activity in the presence of either ATP,
GTP, CTP or UTP. The working efficiency of nucleotides is ATP>GT-
P>UTP=CTP. This result suggests that the direct dynamic interaction
of nucleotides and CaM are required for basic Cavl.2 activity. No COL

RIM proteins suppress voltage dependent inactiva-
tion (VDI) through C-terminus of Voltage-dependent
calcium channel(VDCC)-a1A subunit.

Hirano, Mitsuru; Takada, Yoshinori; Yamaguchi, Kazuma; Mori,

Masayuki X; Mori, Yasuo(Graduate school of Engineering, Kyoto University,
Kyoto, Japan)

Ca*" influx into the presynaptic active zones through the Voltage-de-
pendent calcium channels (VDCCs) is important for neurotransmitter
release. Our group has been demonstrated that interaction between
VDCC-8 subunits and RIM proteins, presynaptic active zone scaffold-
ing proteins, enhances the neurotransmitter release via suppressing
of voltage dependent inactivation (VDI) of VDCCs, and anchoring
synaptic vesicles in the vicinity of VDCCs (Kiyonaka et al. 2007, Uriu
et al. 2010). Recently, Sudhof’s group reported that PDZ domain of RIM
proteins directly interacts with the C-terminus of alA and alB, which
are pore-forming VDCC subunits, to contribute the localization of
VDCCs to presynapse (Kaeser et al. 2012). However, this contribution
of the interaction between the C-terminus of alA or alB and RIM
proteins on VDI of VDCCs is controversial. Here, in addition to the
VDI suppression by S-subunits, we extend our findings by observation
that RIM2a significantly enhances the suppression of the VDI in long
al A splicing isoform, which possess PDZ binding motif, compared to
the VDI in short isoform of al A, which lacks PDZ binding motif. This
enhancement was observed only in RIM2a expressing cells but not in
RIM3y expressing cells, which contains VDCC-£ subunits interacting
region but not PDZ domain. Thus, functional coupling among RIM
protein and f-subunit and C-terminus of al A may enhances neurotrans-
mitter release via sustaining Ca®" influx through the suppression of
VDL No COL

Effects of amino-terminal disease-associated muta-
tions on the RyR1 channel

Murayama, Takashi'; Kurebayashi, Nagomi'; Yamazawa, Toshiko?;
Oyamada, Hideto?; Suzuki, Junji4; Kanemaru, Kazunori4; Takemori,
Shigeru?; Oguchi, Katsuiji®; lino, Masamitsu#; Sakurai,
Takashi'("Dept. Pharmacol., Juntendo Univ. Sch. Med., Tokyo, Japan, *Dept Mol.
Physiol., Jikei Univ. Sch. Med., Tokyo, Japan, *Dept. Pharmacol., Sch. Med., Showa
Univ., Tokyo, Japan, *Dept. Pharmacol., Grad. Sch. Med., The Univ. Tokyo, Tokyo,
Japan)

Type 1 ryanodine receptor (RyR1) is a Ca?" release channel in the
sarcoplasmic reticulum and plays a pivotal role in excitation-contraction
coupling in skeletal muscle. RyR1 is the major target for muscle dis-
eases, e.g., malignant hyperthermia (MH) and central core disease
(CCD). To date, over 200 mutations have been identified in the RyR1
gene of MH and CCD patients. It is widely believed that MH and CCD
mutations cause hyperactivation of the Ca?*-induced Ca?* release (CICR),
resulting in abnormal Ca?" homeostasis in skeletal muscle. CICR shows
biphasic Ca?* dependence, thus the activity can be determined by three
parameters: sensitivity to activating Ca?', sensitivity to inactivating
Ca*", and the gain (i.e., peak activity). However, it remains unclear how
the disease-associated mutations affects these parameters. In this study,
we expressed several RyR1 channels carrying different MH/CCD
mutations at amino-terminal region in HEK cells and tested their CICR
by live-cell Ca*" imaging and [*H]ryanodine binding. Our results suggest
that the amino-terminal disease-associated mutations divergently affects
the parameters of CICR depending on the sites for mutation. The
underlying molecular mechanism will be discussed. No COL

Ca?* release properties of type 2 ryanodine receptor
mutants associated with ventricular arrhythmia and
sudden death

Kurebayashi, Nagomi'; Murayama, Takashi'; Suzuki, Junijiz;
Kanemaru, Kazunori?; lino, Masamitsu2; Sakurai, Takashi'(‘Dept.

Pharmacol., Juntendo Univ. Sch. Med., Tokyo, Japan, *Dept Pharmacol. Grad. Sch.
Med., The Univ. Tokyo, Tokyo, Japan)

Type 2 ryanodine receptor (RyR2) is a Ca** release channel in the
sarcoplasmic reticulum and plays a pivotal role in excitation-contraction
coupling in heart. RyR2 is the major target for arrhythmogenic dis-
eases, le., catecholaminergic polymorphic ventricular tachycardia
(CPVT) and arrhythmogenic right ventricular cardiomyopathy (ARVC).
To date, over 150 mutations have been identified in the RyR2 gene of
CPVT and ARVC patients. Although it is widely believed that CPVT
and ARVC mutations cause hyperactivation of the Ca?*-induced Ca*
release (CICR), the reasons for the difference between the two diseas-
es are not well known. CICR shows biphasic Ca?>* dependence against
cytoplasmic Ca?', thus the activity can be determined by three param-
eters: sensitivity to activating Ca?*, sensitivity to inactivating Ca*", and
the gain (ie., peak activity). In addition, CICR is also regulated by lu-
minal Ca?*; high luminal Ca?" activates CICR. It remains unclear how
the disease-associated mutations affect these parameters. In this study,
we expressed RyR2 channels carrying several CPVT and ARVC
mutations in HEK cells and evaluated their Ca?" release properties by
live-cell Ca?* imaging and [*H]ryanodine binding. Our results suggest
that the disease-associated mutations divergently affects the parame-
ters of CICR depending on the sites for mutation. The difference be-
tween the CPVT and the ARVC mutations will be discussed. No COL
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A ventricular cell model incorpolating new Ca2+-in-
duced Ca2+-release

Memida , Hiraku(Dept. of Life Sciences, Graduate School of Life Sciences,
University of Ritsumeikan, Siga, Japan)

A ventricular cell model incorpolating new Ca2+-induced Ca2+-relea-
seDept. of Life Sciences, Graduate School of Life Sciences, Ritsumeikan
Univ.Hiraku Memida, Akinori Noma.The graded Ca2+ release via RyR
at the terminal cisterna of sarcoplasmic reticulum (SR) is dependent
on the extent of activation of the L-type Ca2+ channel current (ICaL).
This local control of Ca2+ release is still not reproduced in most of
cardiac cell models developed on the desk-top computer level. This is
because the Ca2+-induced CaZ2+-release occurs in an all-or-none man-
ner when a single common pool is assumed for both ICal. and RyR
Ca2+ fluxes. We aimed at improving our ventricular cell model by
adopting the tight coupled LCC-RyR model (CaRU) based on local
control theory (Hinch et al. 2004). The original model of Hinch, howev-
er, failed to reconstruct the spontaneous Ca2+ release from SR, which
has been well established in experimental studies. We have made an
attempt to reconcile this difficulty by assuming a local Ca2+ accumu-
lation near the Ca2+ releasing site. The ionic currents were also im-
proved according to new experimental data. We will discuss relevance
of our new animal model in studying mechanisms of physiological
functions of the ventricular myocytes. No COL

Poster Presentations
Heart, Circulation (2)

Subcellular Na Channel Remodeling in Ischemic Bor-
der Zone as a Mechanism of Reentrant Ventricular
Tachyarrhythmia: In Silico Study

Tsumoto, Kunichika'; Ashihara, Takashi?; Haraguchi, Ryo3;
Nakazawa, Kazuo®; Kurachi, Yoshihisa'(!Osaka University, Osaka, Japan,

2Shiga University of Medical Science, Otsu, Japan, °Nat Cereb and Cardiovasc
Center, Suita, Japan)

Previous experimental studies have reported that in the ischemic
border zone (IBZ) of the infarcted ventricular myocardium, the sodium
(Na) channels were redistributed within a myocyte, and that the sub-
cellular Na channel remodeling contributed to conduction slowing.
However, the impact of intracellular Na channel remodeling on the
arrhythmogenicity in ischemic myocardium is unclear. We recently
reported in simulations that the subcellular Na channel remodeling
observed in IBZ enhanced the sensitivity of the ischemic myocytes to
Na channel blockers in physiological relevant myofiber model incor-
porating the electric field mechanism (taking into account the inter-
cellular cleft potentials). As a result, Na channel blockade tended to
cause conduction block in the IBZ than in the non-ischemic zone (NZ).
Here, we extend the simulations into the investigation of effects of the
Na channel blockade in a ring-shaped myocardial model consisting of
NZ and IBZ on premature ventricular contractions. Then we found
that unidirectional conduction block by Na channel blockade was more
likely to occur at the border between IBZ and NZ. Furthermore, we
found that such unidirectional conduction block was involved in the
initiation of reentrant tachyarrhythmia. Ischemia-induced subcellular
Na channel remodeling might be partly responsible for the arrhyth-
mogenic mechanism of class-I antiarrhythmic drugs in patients with
old myocardial infarction. No COL

Inhibitory effects of verapamil on bidirectional ventric-
ular tachycardia in anesthetized rats
Nomura, Hiroko; Oikawa, Shota; Nagata, Rina; Nishio, Miki;

Yamasaki, Masao; Hata, Tadayoshi(Graduate School of Health Sciences,
Fujita Hearth Univ. Toyoake, Japan)

Purpose: The purpose of present study is to investigate the effect of
caffeine on the occurrence of BVT and inhibitory effect of Ca** channel
blocker, verapamil. Methods : Adult female Wister rats were anesthe-
tized with halothane gas (1.2%), and ECG was recorded with a Biopac
system MP-150. Protocol 1: We injected continuously caffeine (0.5mg/
kg/min) through the right femoral vein, and then added epinephrine
(10pg/kg/min) at 15 min after the start of caffeine. We observed evoked
BVT and evaluated the effect of drugs using ECG measurements of
RR, PR, QTc, JTp/JT and Tp-e/QT. Protocol 2: We injected verapam-
il (0.25 mg/kg) at five minutes before the caffeine administration, and
observed ECG continuously. Results: In 12 animals of protocol 1, BVT
was observed in ten animals. BVT was not eboked in any of 8 animals
of protocol 2. The administration of caffeine elicited prolongation of
QTec, reduced Tp-e/QT and increased JTp/JT. However, the pretreat-
ment of verapamil inhibited the prolongation of QTc¢ and JTp. Discus-
sion: It has been recognized that BVT is caused by delayed after
depolarization and intracellular abnormal Ca** handling. In the present
study, BVT was elicited by caffeine which increases Ca?* release from
the sarcoplasmic reticulum, on the other hand, BVT was inhibited by
the voltage-dependent Ca?" channel blocker. We conclude that the
influx of Ca?* is one of pathogenic mechanism of BVT, and an abnor-
mality of Ca?" handling is represented in the repolarization character-
istic (JTp). No COL
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Dynamical mechanisms of early afterdepolarizations
in long QT syndromes: insights from bifurcation anal-
ysis of mathematical models for human ventricular
myocytes

"Kurata, Yasutaka'; Hisatome, Ichiro® Tanida, Mamoru’;
Shibamoto, Toshishige'('Department of Physiology, Kanazawa Medical

University, Ishikawa, Japan, *Div. Reg. Med. Therap., Tottori Univ. Grad. Sch.
Med. Sci., Yonago, Japan)

We theoretically investigated dynamical mechanisms of early afterde-
polarizations (EADs) in long QT syndrome (LQTS) by stability and
bifurcation analyses, as well as numerical simulations, using mathe-
matical models of single human ventricular myocytes (Kurata et al,
Biophys J, 2005). LQT1-3 model cells were developed by reducing the
slow (IKs) or rapid (IKr) component of the delayed-rectifier K channel
current (IK) (LQTI, 2) or incorporating a non-inactivating component
of the Na channel current (INa) (LQT3). EADs were induced by en-
hancement of ICaL in the LQTS model cells. Their stability and bifur-
cations during increases of the L-type Ca channel current (ICaL) or IK
reductions were determined by bifurcation analyses to construct bi-
furcation diagrams: equilibrium points (EP), limit cycles (LCs), and their
stability were determined as functions of bifurcation parameters.
Decreasing IK, increasing ICaL or increasing non-inactivating INa leads
to EAD generation in the vicinity of Hopf bifurcation (HB) points.
Further inhibition of IK yielded stable EP at depolarized potentials
and quiescence. The threshold of EAD generation during IK decreas-
es or ICaL increases was lower in the LQTS model cells than in the
normal cell, which was due to the shift in HB points. EADs could be
regarded as transient LCs induced via HB (EP destabilization) at de-
polarized potentials during the slow activation of IKs. No COL

Channel dysfunction in ryanodine receptor mutants
evoking fatal arrhythmia

Uehara, Akira'; Yasukochi, Midori'; Murayama, Takashi?;
Kurebayashi, Nagomi?; Honda, Akira'; Shioya, Takao3('Fukuoka
University, School of medicine, Fukuoka, Japan, *Department of Cellular and
Molecular Pharmacology, Juntendo University, Tokyo, Japan, *Department of
Physiology, Faculty of Medicine, Saga University, Saga, Japan)

Mutations of the human cardiac ryanodine receptor gene (ZRyRZ2)
mapped to 1q42-q43 are associated with catecholaminergic polymorphic
ventricular tachycardia (CPVT). CPVT is a severe genetic arrhyth-
mogenic disorder characterized by exercise- and stress- induced ven-
tricular tachycardia manifesting as syncope and sudden death. Full
length of mouse RyR2 ¢cDNA (accession: NM-023868) cloned by Kure-
bayasi and Murayama, which is different from that of the Chen’s group
(accession: AF295105), was inserted into a tetracycline-inducible mam-
malian expression vector. Each mutation was introduced using the
Quick Change site-directed mutagenesis kit. The stable inducible
HEK293 cell lines were generated for the Wild-type or mutants. Here
we examined how CPVT-associated RyR2 mutants are dysfuctioned.
First, the single-channel currents from purified RyR2 proteins were
activated by CPVT mutations. Second, * H-ryanodine binding from
the microsomes of HEK293 expressed with RyR2 showed that the
RyR2 channel activity was increased by CPVT mutations. Third, in-
tracellular Ca** oscillations in HEK293 cells measured by single-cell
Ca?" imaging using fura-2 occurred more frequently in CPVT mutants
than in wild-type. Thus, our CPVT mutants consistently exhibited a
gain of function activities, suggesting that Ca?* leak via RyR2 from
cardiac sarcoplasmic reticulum is enhanced. No COL

Safety Mechanism of hERG-Targeting Class Ill Anti-
arrhythmic Agents
Furutani, Kazuharu; Tsumoto, Kunichika;

Kurachi, Yoshihisa(Department of Pharmacology, Graduate School of Medicine,
Osaka University, Osaka, Japan)

Potassium channels encoded by human ether-a-go-go-related gene
(hERG) underlie the rapidly activating component of the delayed
rectifying potassium current (/y,) in heart and play an important role
in terminating the cardiac action potential (AP). Recently, we have
experimentally demonstrated a dual effect of some anti-arrhythmic
agents, such as nifekalant, on hERG channel. Besides blocking hERG
channel, these compounds can facilitate its activation. To assess the
clinical relevance of hERG channel modulations by compounds, we
conducted simulations of cardiac AP in a Priebe-Beuckelmann model
with hERG channel block and facilitation, using our experimental data
of nifekalant. We found that the hERG channel block prolonged action
potential duration (APD) in the block conditions both with and without
facilitation. In addition, the refractory period in both conditions in-
creased from control condition so that the ectopic cell excitation is
suppressed. As in our simulation, we could observe an early afterde-
polarization (EAD) when both /, and the slowly activating component
of the delayed rectifying potassium current (/) were blocked. Impor-
tantly, facilitation mechanism prevents hazardous prolongation of APD
and the induction of EAD by accelerating the repolarization rate via
an increase in /i, during prolonged phase 3. Therefore, anti-arrhythmic
agents that has both block and facilitation effects on hERG channel
may have a lower risk for inducing EADs and triggered activity and
thus be more suitable for the treatment of arrhythmias than pure
hERG blocker. No COL

Modeling fluid exchange at the capillary, tissue and
lymphatic capillary

Himeno, Yukiko; Amano, Akira; Noma, Akinori(Department of Life
Science, Ritsumeikan University, Kusatsu, Japan)

Fluid exchange between blood and interstitial fluid at the capillary,
and flow at the lymphatic capillary is one of the most indispensable
issues for the homeostasis of the internal milieu. However, complex
interdependency of the pressures involved in determination of the
fluid exchange makes it difficult to tackle this issue without mathe-
matical approach. In the present study, we developed a capillary
model, which allowed us to clarify mechanisms regulating the inter-
stitial fluid volume. The capillary is assumed to be a cylinder. The
transcapillary fluid flux is calculated from the fluid pressure and colloid
pressure difference between plasma and interstitial fluid. Well known
3 safety factors against edema, 1. Low tissue compliance in negative
pressure range, 2. Increased lymphatic flow and 3. Protein washout
by the lymph, are incorporated into the model. When the interstitial
fluid pressure was within a physiological range in our model, an in-
crease in blood pressure induced an interstitial fluid volume increase,
which in turn reduced negative tissue pressure to prevent edema. The
lymph flow alleviates the edema by both carrying fluid off from the
tissue, and decreasing the interstitial fluid colloid pressure. From time
course of the effects, it was found that the tissue compliance and the
lymph flow act as a long-term and a short-term regulator of the inter-
stitial fluid volume, respectively. Mathematical modeling of the fluid
exchange at the capillary enabled us to calculate fluid convection
quantitatively and estimate functional impacts of the tissue compliance
and lymph flow. No COL
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Effects of period of sinusoidal leg exercises on bra-
chial and middle cerebral artery blood flows

Fukuba, Yoshiyuki'; Miura, Kouhei'; Kondo, Ayaka';

Watanabe, Sachiko'; Endo, Masako Y'; Kashima, Hideaki';
Hayashi, Naoyuki?; Fukuoka, Yoshiyuki®; Koga, Shunsaku“(*Dept
Exerc Sci Physiol, Pref Univ Hiroshima, *Tokyo Inst Technol, *Doshisha Univ,
“Kobe Design Univ)

To explore the control of upper non-exercising limb and cerebral
circulation during leg exercise, we measured the dynamics of brachi-
al artery (BA) and middle cerebral artery (MCA) blood flow (BF) in
response to sinusoidal work rate (WR) protocols of varying periods.
Seven healthy young male subjects performed upright leg ergometer
exercise with a constant WR for 30 min followed by three different
periods of sinusoidal WR exercises (number of the repetitions); 6-min
(3), 4-min (4), and 2-min (7) where WR fluctuated in the range of 20 W
to peak WR (60 % of peak VO2). During the protocols, we measured
pulmonary gas exchange, heart rate (HR), mean arterial blood pressure
and stroke volume, blood velocity (BV) and cross sectional area of BA,
BV of MCA, and forearm and forehead skin BF and sweating rate (SR).
The variableswere fitted as y(t)=M+A*sin((27/T)*t-0), where t: time,
A/M: relative amplitude, T: period, 6: phase shift. Almost variables
traced the sine wave adequately. The phase shifts and A/M of BV in
MCA (phase (°): 6-min, 44+/-13, 4-min, 69+/-20, 2-min, 112+/-33; A/M
(%): 6-min, 4.5+/-1.5; 4-min, 4.8+/-1.9; 2-min, 3.3+/-0.7, mean+/-SD) were
similar with variables regarding O2 delivery (e.g. VOZ2, HR). Contrari-
ly, the response of BF in BA displayed an anti-phase and a constant
A/M (approximately 28 %) regardless of the period. Non-active limb
circulatory control is differential to the main coordination of O2-deliv-
ery to active muscle. No COL

Spontaneous and nerve-evoked constrictions of sub-
mucosal venules in rat stomach

Mitsui, Retsu; Hashitani, Hikaru(Departement of Cell Physiology, Nagoya
City University Graduate School of Medical Sciences, Nagoya, Japan)

Objective: Venules of the bladder and distal colon exhibit rhythmic
spontaneous constrictions that are likely to prevent the stagnation of
blood even during their distension. Here we examined the spontaneous
and nerve-evoked activity of rat stomach microvasculature. Methods:
Changes in diameter of microvasculature were monitored by video
imaging system, while intracellular Ca?* in venular smooth muscle cells
(VSMCs) were visualised using fluo-8 fluorescence Ca*" imaging in the
submucosal preparations of rat stomach. Results: VSMCs showed
synchronised spontaneous Ca®" transients and associated venular
constrictions. L-type Ca** channel blocker (1 uM nifedipine) disrupted
the synchrony of Ca** transients and abolished spontaneous constric-
tions. The inhibitors of sarcoplasmic reticulum (SR) Ca?**-ATPase (10
uM CPA), IP; receptors (100 uM 2-APB) and Ca?*-activated Cl channels
(100 uM niflumic acid) abolished spontaneous constrictions. Transmu-
ral nerve stimulation immediately triggered purinergic/a-adrenergic
arteriole constriction while evoking long-lasting a-adrenergic constric-
tion of venules (I uM phentolamine). All these responses were blocked
by sympathetic nerve transmitter depletion (10 uM guanethidine). The
activation of primary afferent nerves (300 nM capsaicin) dilated venules
by releasing CGRP. Conclusion: Spontaneous constrictions in submu-
cosal venules of the rat stomach appear to primarily depend on Ca?
release from SR. Synchrony of Ca*" transients amongst VSMCs may
require electrical coupling through ‘regenerative’ L-type Ca?" channel
activation. No COL

Characteristics of spontaneous transient hyperpolar-
izations in vascular endothelial cells

Yamamoto, Yoshimichi'2; Takano, Hiromichi2(*Laboratory of Physiology,
School of Nursing, Nagoya City University, Nagoya, Japan, *Department of Cell
Physiology, Graduate School of Medical Sciences, Nagoya City University, Nagoya,
Japan)

It has been reported that the vascular endothelial cells always release
small amount of nitric oxide (NO) which is playing an important role
in the basic regulation of the total peripheral resistance. As the cellu-
lar mechanisms under such a spontaneous release of NO have not been
studied, we examined endothelial spontaneous activities using the
endothelial layer preparations acutely dispersed from the guinea-pig
mesenteric arteries. In the Ca®*-imaging of these preparations, we have
found that spontaneous transient increases in the [Ca*], occur in indi-
vidual cells. We then tried to examine whether such an increase in
[Ca*]; induced any electrical events in the membrane. So a patch
electrode was applied to a cell within the preparation and the mem-
brane potential was observed under the current clamp condition. The
membrane potential was not constant but transient hyperpolarizations
occurred spontaneously. These activities were blocked by either cha-
rybdotoxin (107 M), apamin (107 M) or removal of external Ca?*. Ca**-ac-
tivated K*-channels sensitive to both charybdotoxin and apamin seemed
to be involved in the transient hyperpolarizations. Ca?* influx might
activate these channels directly or be necessary to refill the intracel-
lular Ca** stores, the released Ca** from which might activate these
channels. No COL

Implications of adenosine and muscarinic acetylcho-
line receptors on bradycardia during systemic episod-
ic hypoxia in rats

Tsuchimochi, Hirotsugu; Yoshimoto, Misa; Inagaki, Tadakatsu;

Sonobe, Takashi; Shirai, Mikiyasu(Department of Cardiac Physiology,
National Cerebral and Cardiovascular Center Research Institute, Osaka, Japan)

Pronounced bradycardia is frequently observed in patients with ob-
structive sleep apnea, and has been recapitulated in rodents subjected
to systemic episodic hypoxia. To elucidate its mechanism, male Wistar
rats previously implanted with telemetry devices to monitor arterial
blood pressure (TRM54P, TR-Millar) and heart rate were exposed to
acute episodic hypoxia (90-s room air / 90-s N2; 5% O2 at nadir) in a
sealed chamber. Acute episodic hypoxia elicited a marked pressor
response, followed by significant bradycardia, as previously reported.
This was not mediated solely by a baroreflex, as a-; adrenergic recep-
tor blockade with prazosin (2mg/kg, ip) suppressed only pressor but
not bradycardiac responses during episodic hypoxia. Under the influ-
ence of prazosin, both the non-selective muscarinic acetylcholine (ACh)
receptor antagonist atropine (1 mg/kg, ip) and the selective M, ACh
receptor antagonist AF-DX116 (0.2 mg/kg, ip) completely blocked the
bradycardiac response to episodic hypoxia. Furthermore, both the
non-selective adenosine receptor antagonist caffeine (50 mg/kg, ip) and
the A -selective antagonist DPCPX (2 mg/kg, ip) significantly attenu-
ated bradycardia. In conclusion, non-baroreflex mediated bradycardia
observed during systemic episodic hypoxia is mediated not only by
M, ACh receptor but also by adenosine A, receptor, suggesting that
they share a common signaling mechanism to modulate heart rate in
response to systemic episodic hypoxia. No COL
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Prostaglandin E2-EP4 signaling-induced fibulin-1 may
play a role in intimal thickening in the ductus arterio-
Sus

Kumagaya, Shun'?; Yokoyama, Utako? Minamisawa, Susumug;
Inoue, Takafumi'; Ishikawa, Yoshihiro2(!Dept. of Life Science and Medical
Bioscience, Waseda Univ., Tokyo, Japan, *Cardiovascular Research Inst., Yokohama

City Univ., Kanagawa, Japan, *Dept. of Cellular Physiology, the Jikei Univ. School
of Medicine, Tokyo, Japan)

Intimal thickening (I'T) is essential for closure of the ductus arteriosus
(DA). However, molecular mechanisms of IT in the DA are not fully
understood. Since we have previously reported that prostaglandin E,
(PGE, )-EP4 signaling promoted hyaluronan-mediated IT in the DA,
we sought to uncover a novel EP4-mediated mechanism that induce
IT in the DA.

Microarray analysis and quantitative RT-PCR (qRT-PCR) using smooth
muscle cells of rat DA (DASMCs) on day 21 of gestation (e21; near-term)
revealed that EP4 stimulation for 24 h increased fibulin-1 (273-fold,
$<0.001, n=10). Western blotting also showed that EP4 stimulation for
72 h increased secretion of fibulin-1 from DASMCs (21-fold, p<0.001,
n=4). Immunohistochemistry of human DA revealed that fibulin-1 was
highly expressed in the area of IT. Furthermore, fibulin-1 mRNA ex-
pression was 1.6-fold higher in the rat DA than in the aorta on e2l
(p<0.005, n=3-5), and was developmentally increased during day 19 to
21 of gestation (1.6-fold vs. el9, p<0.005, n=5). Messenger RNA of
ADAMTS-1 which regulates proteolysis of glycoprotein by interacting
with fibulin-1 was abundantly expressed in the rat DA compared with
the aorta on e2l (4.7-fold, p<0.001, n=4-5).

In conclusion, PGE,-EP4 signaling-induced fibulin-1 may play a role in
IT formation in the DA by enhancing the activity of ADAMTS-1. No
COL

Mechanisms of vasoconstriction induced by acetyl-
choline on guinea pig vena cava
Sato, Rei; Takano, Hiromichi; Mitsui, Retsu;

Hashitani, Hikaru(Department of Cell Physiology, Nagoya City University
Medical School, Nagoya, Japan)

Objective: To investigate the mechanisms underlying acetylcholine
(ACh)-induced contraction of the guinea pig vena cava. Method: Iso-
metric tension recordings were made from ring preparations of guin-
ea pig vena cava. In some experiments, the endothelium was mechan-
ically removed. Results: ACh (1 or 10 uM) caused contractions of the
vena cava, while transmural nerve stimulation or phenylephrine (10
uM) failed to contract the vessel. Nifedipine (10 uM) abolished 1 uM
ACh-induced contractions and suppressed 10 uM ACh-induced con-
tractions. In nominally Ca?*-free solutions, 1 uM ACh-induced contrac-
tions were unexpectedly enhanced. 10 uM ACh-induced contraction
was attenuated, albeit it was larger than that in nifedipine. L-nitro-ar-
ginine (10 uM) augmented ACh (1 or 10 uM)-induced contractions. In
endothelium-denuded preparations, the removal of extracellular Ca*
or nifedipine diminished ACh (1 or 10 uM)-induced contractions. How-
ever, unlike endothelium-intact preparations, ACh-induced contractions
in nifedipine were similar to those in Ca*-free solutions. Conclusion:
These results suggested that proportional contributions of Ca®" influx
and Ca** release from internal stores to ACh-induced contractions may
be different depending on the concentrations of ACh. In addition, the
endothelium appears to counteract vascular contractility by releasing
nitric oxide upon ACh stimulation. No COL

Secretome-Based Identification of PGE2-EP4-Induc-
ible Factors in Human Abdominal Aortic Aneurysm

Ishiwata, Ryo; Yokoyama, Utako; Ishikawa, Yoshihiro(Cardiovascular
Research Institute, Yokohama City University, Yokohama, Japan)

[Backgrounds] Abdominal aortic aneurysm (AAA) is a common disease
in the elderly. Although the rupture of AAA is fatal, there is no effec-
tive pharmacological therapy available. We have previously reported
that prostaglandinE2 (PGE,), via its receptor EP4, exacerbates AAA
by increasing secretion of Interleukin-6 and Matrix Metalloproteinase-2
(MMP-2) both in mouse models and in human AAA tissues. In the
present study, by applying mass spectrometric analysis, we identified
secreted proteins increased by EP4 stimulation in human AAA tissues,
which are potential exacerbating factors of AAA.

[Materials & Methods] Human AAA tissues were obtained at a blood
vessel prosthesis implantation with written informed consents. The
tissues were incubated in serum-free DMEM followed by stimulation
with EP4 agonist or PGE,+EP4antagonist for 24h. Trypsinized proteins
were labeled with iTRAQ and were analyzed by LC/MS/MS. Identified
proteins were classified by GO terms and secreted proteins were
extracted.

[Results] A total of 694 proteins were identified from 3 specimens
among which 41 proteins were increased (>1.3-fold vs control) by EP4
agonist. These included neutrophil-related protein, extracellular ma-
trices, proteoglycans, MMP-2, and MMP-9. Among them, PGE,induced
MMP-2 secretion was attenuated by EP4antagonist.

[Conclusion] Mass Spectrometric Analysis identified potential exacer-
bating factors of AAA, rising new insights into AAA progression by
PGE,-EP4 signaling. No COL

Catecholamine-induced cardiac automaticity in rat
pulmonary veins
Okamoto, Yosuke'; Ono, Kyoichi?(!Laboratory of Cardiovascular Science,

National Institute on Aging, National Institute of Health, MD, USA, *Department
of Cell Physiology, Akita Graduate School of Medicine, Akita, Japan)

Atrial fibrillation (AF) is the most common sustained arrhythmia and
its crucial origin is pulmonary vein (PV). However, the arrhythmogen-
ic nature of PV is less clear. We revealed that norepinephrine (NE)
evoked a spontaneous activity in rat PV cardiomyocytes and the re-
sponsible molecules for the arrhythmogenecity. We performed Ca*
imaging, path-clamp and immunocytochemistry to characterize phys-
iological properties of enzymatically isolated PV cardiomyocytes. When
we applied NE to these cells, they showed repetitive intracellular Ca*
increase accompanied by depolarization, and automatic action poten-
tials. We observed that an oscillatory current generating the automa-
ticity was always inward irrespective of the membrane potential, in-
dicating the current was derived from the Na*-Ca** exchanger (NCX).
The automaticity was suppressed by blocking 1,4,5-inositol triphosphate
receptor (IP3R) and the NCX and IP3R were co-localized along T-tu-
bules. These findings suggest that a functional coupling between the
NCX and IP3R causes arrhythmic excitability. Furthermore, we found
a unique hyperpolarization-activated CI' current whose biophysical
properties differed from CIC-2 current in the reaction to each intracel-
lular CI, extracellular acidification and osmotic stress. Cl' channel
blockers that attenuated the current inhibited the NE-induced auto-
maticity. These findings suggest that the special channel may be in-
volved in the automaticity. No COL
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Venous identity lost in jugular segment of carotid-jug-
ular (C-J) shunt but arterial identity strengthened in
pulmonary artery in adult rats with C-J shunt

LU, Ping; SHIMURA, Daisuke; JIAO, Qibin; UESUGI, Ken;
KAJIMURA, Ichige; OMORI, Eriko; NAKAI, Gaku; ONDA, Akiko;
SHIRAISHI, Ryosuke; KOBIRUMAKI, Fuyu; AKAIKE, Toru;
KUSAKARI, Yoichiro(Dept of Cell Physiology, Jikei University School of
Medicine, Tokyo)

Objectives We investigated whether vessel identity is remodeled in
adult rats with C-J shunt. Methods and Results The hemodynamics of
C-J shunt was characterized with the features of both carotid artery
and jugular vein. EphB4 transcripts were significantly down-regulated
in jugular segment of patent C-J shunt and brachiocephalic vein,
whereas Ephrin-B2 transcripts were strongly induced in pulmonary
artery. A decreasing trend in collagen I transcripts with a concomitant
increasing trend in elastin transcripts was found in jugular segment
of C-J shunt. Elastin vs. collagen ratio might be modulated. Gene ex-
pression changes evoked in the jugular segments of C-J shunt were
further revealed by microarray analysis. Genes involved in vascular
remodeling were highly regulated. The arterial marker Ephrin B2, and
other markers of arterial identity were not induced in jugular segment.
Conclusions Markers of vessel identity are not quiescent but plastic,
and will be remodeled to adapt to hemodynamic changes in adults.
Vessel identity remodeling was preferentially developed in original
low-pressure blood vessels when exposed to high-pressure oxygenat-
ed blood flow from C-J shunt. Whether vessel identity remodeling
would be implicated in structure and composition remodeling in adults
deserves further exploration. No COL

Intimal Cushion and Elastic Fibers Degradation were
shownFormation Were Less Prominent in the Chicken
Ductus Arteriosus

Omori, Eriko'; Akaike, Toru?; Kajimura, Ichige?; Goda, Nobuhito’;
Minamisawa, Susumu2(Departure of Lifescience and Medical Bioscience,

Waseda University, Tokyo, Japan, *Department of Cell Physiology, the Jikei
University of Medicine, Tokyo, Japan)

Background The ductus arteriosus (DA) is a fetal artery that closes
after birth. Our previous studies have demonstrated that the PGE2-EP4
signal pathway promotes neointima thickening and fragmentation of
the elastic fibers in the rodent DA. The avian DA also closes after
birth, although the PGE2-EP4 signal pathway may not play a significant
role in vascular remodeling in the avian DA, because the chick has
no placenta that is a source of PGE2.We investigated whether vascu-
lar remodeling was observed in the chicken DA.Experience & Results
We isolated the DA from chicken at embryonic day 16, 19, hatching
and within a day after birth. The serial paraffin sections were stained
with Elastica van-Gieson staining. We found the sparse and fragment-
ed elastic fibers in the medium from embryo day 16, and impairment
became more apparent with development. Intimal cushion formation
was not clearly observed even after external hatching. Real-time PCR
analysis revealed that the expression levels of elastin and lysyl oxidase
mRNAs were significantly lower in the DA than in the aorta. In addi-
tion, genes related with the PGE2-EP4 signal pathway were not pre-
dominantly expressed in the chicken DA.ConclusionInternal cushion
formation was less prominent in the chicken DA than in the mamma-
lian DA.On the other hand,elastic fiber formation was severely impaired
in the chicken DA, which was unlikely due to the PGE2-EP4 signal
pathway. No COL

S1P, receptors are necessary, but not sufficient, for
the angiogenic responses induced by a novel nucleic
acid analogue COA-CI

Igarashi, Junsuke'; Kubota, Yasuo? Shoji, Kazuyo? Sakakibara,
Norikazu®; Maruyama, Tokumi®; Takata, Maki%, Kosaka, Hiroaki';
Takuwa, Yoh®; Hashimoto, Takeshi'; Yamashita, Tetsuo'; Konishi,
Ryoji4; Tsukamoto, Ikuko*('Department of Cardiovascular Physiology,
Kagawa University Faculty of Medicine, Kagawa, Japan, *Department of
Dermatology, Kagawa University Faculty of Medicine, Kagawa, Japan, *Kagawa
School of Pharmaceutical Sciences, Tokushima Bunri University, Kagawa, Japan,
*Department of Pharmaco-Bio-Informatics, Kagawa University Faculty of Medicine,
Kagawa, Japan, *Department of Physiology, Kanazawa University School of
Medicine, Kanazawa, Japan)

COA-Cl is a recently developed nucleic acid analogue that promotes
angiogenesis via the MAP kinases ERK1/2. We now show that an-
tagonists for the S1P, receptors, W146 and VPC23019, abolish effects
of COA-CI at the levels of ERK1/2 activation and tube formation in
cultured human umbilical vein endothelial cells. Genetic knockdown
of S1P, with siRNA attenuates COA-Cl-elicited ERK1/2 responses.
Thus, the S1P, receptors are necessary for the angiogenic actions of
COA-CL Signaling properties of COA-Cl showed similarities with those
of SIP, an endogenous S1P, ligand, which were sensitive to pertussis
toxin (Ga i/0 inhibitor), BAPTA-AM (calcium chelator), and PP2 (Src
inhibitor). However, heterologous overexpression of S1P, in CHO-K1
cells did not promote COA-Cl-evoked ERK1/2 responses, suggesting
that the receptors per se are not sufficient for the COA-Cl. In sum-
mary, results point out the S1P, receptors as a key molecule at which
the novel nucleic acid analogue COA-Cl induces angiogenic responses
in vascular endothelial cells. No COL

Tonic Rho-kinase mediated vasoconstriction contrib-
utes to coronary vasomotor tone in early diabetic rat
Shirai, Mikiyasu'; Pearson, James?; Tsuchimochi, Hirotsugu’;
Yoshimoto, Misa'; Fuijii, Yutaka'; Inagaki, Tadakatsu';

Sonobe, Takashi'('Department of Cardiac Physiology, National Cerebral and
Cardiovascular Center Research Institute, Osaka, Japan, *Department of Physiology,
Monash University, Melbourne, Australia)

Activation of RhoA/Rho-kinase (ROCK) is increasingly implicated in
acute vasospasm and chronic vasoconstriction in major organ systems.
We aimed to ascertain whether increased ROCK activity plays a role
in the coronary dysfunction in early diabetes. Synchrotron radiation
microangiography was used to determine in vivo coronary responses
in diabetic (3 weeks post streptozotocin 65 mg/kg ip) and vehicle
treated male SD rats. Changes in vessel number and calibre during
vasodilator stimulation before and after blockade of nitric oxide syn-
thase and cyclooxygenase were compared between rats. Diabetic rats
showed no significant changes in fibrotic scores, media to lumen ratio,
capillary density or baseline visible vessel number or calibre. Respons-
es to acetylcholine were similar between groups, but the diabetic group
showed more segmental constrictions during blockade, which were
not completely alleviated by acetylcholine, but were alleviated by fa-
sudil (10 mg/kg iv). Further, second order vessel branches in diabetic
rats were significantly more dilated after fasudil compared to control
rats. ROCK2 expression was borderline greater in diabetic hearts.
Based on nitrotyrosine staining oxidative stress was not significantly
elevated in diabetic rats. We conclude that tonic ROCK mediated va-
soconstriction contributes to coronary vasomotor tone in early diabe-
tes. No COL
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Involvement of PAF, but not histamine or serotonin, in
increased pulmonary vascular resistance during ana-
phylactic hypotension in anesthetized mice
Wang, Mofei; Shibamoto, Toshishige; Yamamoto, Yuki;

Tanida, Mamoru; Sun, Lingling; Kurata, Yasutaka(Department of
Physiology 11, Kanazawa Medical University, Uchinada, Ishikawa, Japan)

Systemic anaphylaxis accompanies pulmonary vasoconstriction, which
may contribute to increased right heart afterload, and finally anaphy-
lactic hypotension. Recently we reported that the systolic right ven-
tricular pressure, measured as an indicator of pulmonary arterial
pressure (PAP), did not increase during anaphylaxis in anesthetized
mice (Shinomiya et at. Exp Lung Res. 2013). However, pulmonary
vascular resistance (PVR) was not exactly measured in that previous
study. Here it was determined by measuring directly PAP, left atrial
pressure and aortic blood flow (ABF) in open-chest sensitized BALB/c
mice. We also clarified the roles of platelet-activating factor (PAF),
histamine and serotonin in the responses. Anaphylaxis was induced
by an intravenous injection of the ovalbumin antigen. Along with the
aforementioned variables, mean arterial pressure (MAP), central venous
pressure, and airway pressure were continuously measured. In sensi-
tized control mice, MAP and ABF substantially decreased following a
transient increase after the antigen injection, while PAP increased at
1-3 min after antigen. PVR increased to the peak of 2.8-fold at 20 min
and returned towards the baseline levels. The PAF antagonist atten-
uated PVR elevation, although either antagonist of PAF or histamine
attenuated hypotension. In conclusion, PAF, but not histamine or se-
rotonin, is involved in an increase in PVR during anaphylactic hypo-
tension in anesthetized mice. No COL

Experimental study on usefulness of second deriva-
tive of central pressure waves in normal and heritable
hypercholesterolemic rabbits

Katsuda, Shin-ichiro'; Takazawa, keniji?; Horikoshi, Yuko';
Kusanagi, Masahiko®, Hazama, Akihiro!(!Department of Cellular and
Integrative Physiology, Fukushima Medical University School of Mededicine,

Fukushima, Japan, *Tokyo Medical University Hachioji Medical Center, Hachioji,
Japan, *Japan Laboratory Animals, Inc., Tokyo, japan)

We investigated how second derivative of central pressure waves
(SDCPW) reflected cardiovascular hemodynamics in normal and Kuro-
sawa and Kusanagi-hypercholesterolemic (KHC) rabbits aged 12
months. Pressure and flow waves at the ascending aorta were simul-
taneously recorded using a catheter-tip transducer (3Fr) and an ultra-
sonic flow probe under pentobarbital anesthesia (30 mg/kg). Initial
positive (a) and early negative (b) waves of SDCPW were distinct,
whereas ¢, d and e waves were not clear in both strains. An amplitude
ratio of b to a waves (b/a) was -0.71+0.06 (mean=SD) and -0.48=0.05 in
the normal and KHC rabbit groups, respectively, which was significant
between two rabbit strains (p<0.001). A surrogate index of aortic
compliance (SV/PP) was significantly smaller in the KHC rabbit group
(0.043+0.008) than in the age-matched control group (0.062+0.009)
(p<0.001), where SV and PP were stroke volume and pulse pressure,
respectively. The value of b/a showed weak (r=0.571, p<0.05) and
strong (r=0.819, p<0.001) negative correlation with SV/PP in the normal
and KHC rabbit groups, respectively. We can conclude that b/a of
SDCWP was useful for estimating aortic compliance like that of second
derivative of photoplethysmogram waveform. No COL

Significance of Hairy-related transcription factor (Hrt)
in ischemia-induced angiogenesis

Hayashi, Hisaki'; Nakagawa, Osamu?®(‘Physiology, Aichi Medical
University, Nagakute, Japan, *Cardiovasc. Res. Sys., Nara Med. UniV., Kashihara,
Japan)

Angiogenesis is a process to form new blood vessels from preexisting
vessels under physiological and pathological conditions. The Notch
signaling pathway plays a critical role in embryonic angiogenesis.
Hairy-related transcription factor 1 (Hrtl) and Hrt2 are enriched in the
cardiovascular system, and their expression is directly regulated by
the Notch signal activation. Hrtl/Hrt2 compound KO mice die in
utero with severe vascular abnormalities, indicating that these two
Hrt genes have essential roles in embryonic vascular development.
Notch signaling is also implicated in postnatal angiogenesis, but the
significance of Hrtl and Hrt2, especially that in pathological conditions,
remained unclear. In a mouse model of pathological angiogenesis by
hindlimb ischemia (HLI) surgery with femoral artery occlusion, the
mRNA expression of Hrtl, but not Hrt2, was markedly induced in
ischemic muscle. Dominant induction of Hrtl mRNA expression was
also observed by the treatment of cultured endothelial cells with VEGF,
an activator of Notch signal, suggesting that Hrtl is a principal medi-
ator of Notch activation in endothelial cells of ischemic muscle. Blood
flow recovery in Hrtl KO ischemic hindlimb after HLI was significant-
ly blunted compared to WT. Revascularization of ischemic hindlimb
was also attenuated in Hrtl KO mice. Accordingly, the severity of
ischemic injury such as tissue necrosis and loss is much higher in Hrtl
KO mice than WT. These results suggest that Hrtl plays important
roles in regulating ischemia-induced angiogenesis. No COL

Identification and characterization of disease-specific
activator of G-protein signaling (AGS) proteins: explo-
ration of AGS protein in the polycystic kidney disease
Suzuki, Hiroko'; Sakima, Miho'; Mamun, Abdullah Al';

Hayashi, Hisaki'; lwase, Satoshi'; Inukai, Yoko'; Nishimura, Naoki';
Sato, Maki'; Shimizu, Yuuki'; Frank, Park?;

Sato, Motohiko! (‘Department of Physiology, Aichi Medical University,
Nagakute, Aichi, Japan, *University of Tennessee, Memphis, USA)

Cell signal mediated by heterotrimeric G-protein plays important roles
in maintaining the homeostasis of cardiovascular system against phys-
iological stimuli. In addition to G-protein coupled receptor (GPCR) at
cell-surface, other entities can directly regulate the activation status
of G-proteins, and they are involved in the development of diseases.
As a part of approach to identify such proteins, we have previously
identified activator of G-protein signaling 8 (AGS8) from the ischemic
myocardium and AGSI11 from the hypertrophic heart. Thus, AGS8
was involved in the hypoxia-mediated apoptosis of cardiomyocytes via
regulation of Gfy and channel protein connexin 43. AGS11, isolated
from the hypertrophic heart, translocated Ga 16 into the nucleus and
increased the transcription of the claudin 14. We expanded the ap-
proach to the polycystic kidney disease to identify disease-specific AGS
proteins. CDNA library, generated from the rat model with progressive
cystic enlargement of the kidney, was subjected to yeast-based func-
tional screen for receptor independent activators of Gai3, Gas or Gal6.
In addition to previously reported AGS proteins, we identified two
candidates for AGS protein expressing polycystic kidney disease. The
roles of these proteins in the pathophysiology of polycystic kidney
disease will be discussed. No COL
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Mechanisms of cardioprotective effects of high con-
centration of magnesium on hypoxia/reoxygenation
injury in chronic magnesium deficient rat heart are dif-
fer from normal rat heart

Watanabe, Makino; Kakigi, Ryo; lesaki, Takafumi; Okada,
Takao(Department of Physiology, Juntendo University Faculty of Medicine)

Magnesium (Mg) deficiency has been reported to be associated with
the development of the cardiovascular diseases, sudden death and
metabolic syndrome. We reported that 1) extracellular high Mg con-
centration (12 mM) during hypoxia protected the heart from hypoxia/
reoxygenation injury in normal rat, and its protective effect was in-
duced not only by suppression of energy consumption, but also by
accelerated opening of mitochondrial K ,;» channel, 2) in chronic Mg-de-
ficient mice hearts, tolerance to hypoxia/reoxygenation injury de-
creased. Aim of this study was to determine whether high concentra-
tion of Mg during hypoxia could protect the hypoxia/reoxygenation
injury in chronic Mg-deficient rat heart using Langendorff perfused
rat heart model. Rats were fed an Mg-deficient diet for 8 weeks. The
hearts underwent hypoxia for 30 min, followed by reoxygenation for
30 min. In Mg-deficient group, the recovery of cardiac function from
hypoxia/reoxygenation injury was significantly worse than that of
control group. When extracellular Mg concentration increased from
1.2 to 12 mM during hypoxia, in Mg-deficient group, recovery of PRP
was similar to that of control group. 5-hydroxy decanoic acid (5-HD),
a mitochondrial K,p channel specific blocker, partially inhibited the
protective effect of high Mg in Mg-deficient group. These results
suggest that cardioprotective effects of high Mg in Mg-deficient rat
are not only opening the mitochondrial K, channel but also unknown
other mechanism. No COL

Application of 4-hydroxybenzoic acid as a trapping
agent to monitor hydroxyl radical production during
myocardial ischemia and reperfusion

Inagaki, Tadakatsu; Akiyama, Tsuyoshi; Zhan, Dong-Yun; Du,

Cheng-Kun; Shirai, Mikiyasu(Dept. of Cardiac Physiol, National
Cardiovascular Center Research Institute, Osaka, Japan.)

Background: Hydroxyl radical (OH) is involved in the myocardial
ischemia/reperfusion injury. Hydroxylation of aromatic compounds
has been used as an indirect marker of in vivo production of "OH.
Purpose: To detect the production of ‘OH during myocardial ischemia/
reperfusion by applying 4-hydroxybenzoic acid (4-HBA) as a trapping
agent. Methods: Using microdialysis technique, dialysis probe was
implanted in the left ventricular myocardium of anesthetized rats and
perfused with Ringer solution containing 4-HBA (5x10* M) at 2 ul/min.
Dialysates were sampled at baseline, during 30 min-coronary occlusion
and after reperfusion (180 min). A sampling period was 10 min. Dialy-
sate concentration of the 4-HBA hydroxylation product, 3,4-dihydroxy-
benzoic acid (34-DHBA) was measured using HPLC-ECD. Results:
Dialysate 34-DHBA concentration was 1.5+0.3 nM at baseline. After
coronary occlusion, dialysate 34-DHBA concentration gradually in-
creased and reached 3.0+0.4 nM at 20-30 min after coronary occlusion.
After reperfusion, dialysate 34-DHBA concentration further increased
to 4.9+0.8 nM at 0-10 min after reperfusion and then reached the peak
level (6.0+0.7 nM) at 10-20 min after reperfusion. After 20 min of
reperfusion, dialysate 3,4-DHBA concentration gradually declined and
almost recovered baseline level at 120 min after reperfusion. Conclusion:
Detection of ‘OH with 4-HBA could be less complicated and more re-
liable than that with other aromatic compounds. No COL

Myocardial interstitial serotonin (5-HT) and 5-hydroxy-
indole acetic acid (5-HIAA) levels during isch-
emia-reperfusion

Du, Cheng-Kun; Zhan, Dong-Yun; Akiyama, Tsuyosh;

Inagaki, Tadakatsu; Shirai, Mikiyasu(Dept. of Cardiac Physiol., Natl. Cereb.
Cardiovas. Ctr., Suita, Japan.)

Background: It has been reported that 5-HT accumulates in the heart
during ischemia-reperfusion and contributes to the cardiomyocyte
injury. Little information is, however, available on the in vivo 5-HT
kinetics during myocardial ischemia-reperfusion.Purpose: To elucidate
the in vivo 5-HT Kkinetics including accumulation and degradation
during myocardial ischemia-reperfusion.Methods: Microdialysis tech-
nique was applied to the left ventricular myocardium of anesthetized
rats, and dialysate 5-HT and its metabolite by monoamine oxidase
(MAO), 5-HIAA concentrations were monitored as indices of myocar-
dial interstitial 5-HT and 5-HIAA levels during 30 min-ischemia and
45 min- reperfusion.Results: In vehicle, 5-HT levels continued to increase
during ischemia but 5-HIAA levels decreased and then recovered
during ischemia. After reperfusion 5-HT levels transiently increased
and then declined. 5-HIA A levels increased after reperfusion and kept
high level by 45 min after reperfusion. Local administration of pargyline
(ImM), a MAO inhibitor did not influence the increase in 5-HT levels
and the decrease in 5-HIA A levels during ischemia. Pargyline enhanced
the increase in 5-HT levels immediately after reperfusion and sup-
pressed the increase in 5-HIAA levels after reperfusion.Conclusion:
Simultaneous monitoring of interstitial 5-HT and 5-HIAA levels is
useful for understanding 5-HT kinetics during myocardial isch-
emia-reperfusion. No COL
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Dynamin isoforms decode action potential firing for
synaptic vesicle recycling in sympathetic neurons
Tanifuji, Shota; Mochida, Sumiko(Dept Physiol, Tokyo Med Univ, Tokyo,
Japan)

Presynaptic nerve terminals must maintain stable neurotransmission
despite encountering wide fluctuations in the number and frequency
of incoming action potentials (APs). Here, we examined the role of
dynamin in activity sensing in the presynaptic superior cervical gan-
glion (SCG) neurons. Dynamin 1, 2 or 3 expressed in SCG neurons was
acutely knocked down by microinjection of the siRNA. 3 days later,
each dynamin expression in the soma was approximately 60% and the
synaptic transmission with various AP firing pattern was impaired.
Paired-pulse recordings with AP interval of 20 and 30 ms showed that
knockdown (KD) of dynamin 2 or 3 reduced the amplitude of the
second excitatory postsynaptic potential (EPSP) more than control.
With AP interval of 50-1000 ms, each dynamin KD similarly reduced
the second EPSP amplitude. EPSP recording during and after high
frequency AP firing at 5, 10 or 20 Hz showed that dynamin 1, 2 KD
induced severe synaptic depression during and after AP firing, where-
as dynamin 3 KD induced it during AP firing. In contrast, with low
frequency AP firing at 0.05 and 0.2 Hz, dynamin 3 KD reduced grad-
ually synaptic transmission, whereas dynamin 1 or 2 KD reduced it at
0.2 Hz. After depletion of synaptic vesicles in the readily releasable
pool, dynamin 1 or 2 KD delayed the fast recovery, while dynamin 2
or 3 KD delayed the slow recovery. These results suggest that the
three isoforms of dynamin, an essential endocytic protein, work indi-
vidually to match vesicle reuse pathways, having distinct rate and
time constant with physiological AP frequencies. No COL

Temporal Ca?* regulation of synaptic vesicle release
efficacy following action potential firing at the release
site

Mori, Michinori; Tanifuji, Shota; Mochida, Sumiko(Dept Physiol, Tokyo
Med. Univ., Tokyo, Japan)

At the presynaptic active zone, an action potential (AP) triggers Ca®
influx and entered Ca*" causes synaptic vesicles (SVs) exocytosis. Here,
we show temporal Ca?* regulation of release ready SVs (RRSVs) in the
readily releasable pool (RRP) following AP firing in presynaptic sym-
pathetic neurons in culture applying rapid-on-rate and slow-on-rate
Ca?* chelators. Under reduced basal release probability by membrane
permeable O, O-1,2-bis(2-aminophenoxy)ethane-N,N,.N'N- tetraacetic
acid, tetraacetoxymethyl ester (BAPTA)-AM or Ethyleneglycol-bis(fam-
inoethyl)- NN, N’ N'-tetraacetoxymethyl Ester (EGTA)-AM, a rapid
synaptic depression within 30 ms and 30-120 ms after generation of
an AP was reduced by BAPTA and EGTA, respectively. During re-
petitive AP firing with 50-200 ms interval, EGTA, but not BAPTA,
delayed the RRP replenishment. After the RRP depletion with a train
of APs firing, BAPTA delayed rapid and slow replenishment of SVs
into the RRP, while EGTA delayed the slow RRP replenishment. Slow
Ca** regulation supported generation and maintenance a presynaptic
short-term plasticity, augmentation. Unexpectedly, a rapid Ca?" regu-
lation underlies induction of posttetanic potentiation. Together, follow-
ing AP firing, the temporal change in Ca?" level at release sites, in
addition to spatial change in the presynaptic terminal and beneath the
active zone as previous findings, controls the RRSVs release efficacy
for incoming nerve signals, and underlies synaptic plasticity resulted
from various firing activity. No COL

Myosin 1IB and VI regulates synaptic vesicle traffick-
ing at presynaptic nerve terminals.

Hayashida, Michikata; Tanifuji, Shota; Mochida, Sumiko(Dept physiol,
Tokyo Med Univ, Tokyo, Japan)

Accumulating evidence suggests that myosin regulates vesicle trans-
port in neurons. We have shown that among myosin isoforms previ-
ously characterized in neurons myosin IIB is localized to presynaptic
nerve terminal of cultured sympathetic neurons from the rat superior
cervical ganglion. Recently, myosin VI is reported to be involved in
postsynaptic vesicle endocytosis in the brain. Here we examine the
function of myosin IIB and VI for trafficking of synaptic vesicles in
presynaptic nerve terminals by measuring changes in neurotransmit-
ter release by disturbing function of myosins by specific siRNAs.
Synaptic transmission triggered by action potentials was inhibited by
myosin IIB or VI siRNA, but not by ITA or control siRNA. Synaptic
depression with high frequency AP trains was accelerated by myosin
IIB or VI knockdown. Knockdown of myosin IIB or VI knockdown
delayed rapid or slow recovery of synaptic vesicles in the readily re-
leasable pool after the depletion, respectively. This trafficking step is
highly sensitive to activity-dependent calcium transient, consistent
with a calcium requirement for myosin activation. These results sug-
gest that myosin IIB and VI control a discrete calcium-dependent
synaptic vesicle trafficking to the readily releasable pool through
distinct recycling pathways in response to presynaptic firing activity.
No COL

Optical and electrophysiological measurements of
synaptic exo-endocytosis at the rat calyx of Held syn-
apse

Okamoto, Yuji; Sakaba, Takeshi; Midorikawa, Mitsuharu(Graduate
School of Brain Science, Doshisha University, Kyoto, Japan)

At the nerve terminal, neurotransmitter is released by the fusion of
synaptic vesicles with presynaptic plasma membrane. After exocyto-
sis, vesicles are retrieved by endocytosis and recycled for reuse. The
coupling of exo- and endocytosis of synaptic vesicles is essential for
the maintenance of synaptic transmission. The exo- and endocytosis
have been measured by capacitance measurement, or by imaging (e.g.
FM dyes, pHluorin). However, the number of studies that apply both
techniques at the same time is very limited, because of the technical
difficulty caused by the small size of the nerve terminal (usually around
1 um).

The calyx of Held is a large synapse in the auditory brainstem. Because
of its terminal size (~20 um), it allows us to apply electrophysiological
and optical methods and analyze presynaptic mechanisms reliably.
In this study, we simultaneously measured the turnover of fusion re-
lated synaptic vesicle proteins and plasma membrane by applying
imaging method and electrophysiological recordings, respectively. We
labeled synaptotagmin-2 (a Ca2+ censor for exocytosis) with an antibody
coupled to pH-sensitive fluorophore cypHer5E to monitor the dynam-
ics during exo- and endocytosis. Fluorescent changes of cypHer were
measured simultaneously with membrane capacitance to compare the
cycling of synaptic vesicle proteins and that of plasma membrane. By
varying stimulus conditions or by applying pharmacological agents to
manipulate the time course of endocytosis, we tested how the time
courses of both measurements were correlated (or not correlated). No
COL
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Synaptophysin-EGFP puncta slowly move retrograde-
ly along axons in slice culture during the phase of en
passant type synaptogenesis

Yoshioka, Noboru; Isoo, Noriko; Murabe, Naoyuki; Kameda, Hiroshi;

Takahashi, Ichiro; Sakurai, Masaki(Department of physiology, Teikyo
University School of Medicine)

One neuron makes multiple synaptic connections to postsynaptic cells,
which can be implemented by en passant type synapses. Little is known
about the process of en passant type synaptogenesis. One of the most
important aspects of synaptogenesis is the assembly of synaptic ves-
icles on the presynaptic active zone. What is the entire course of events
for synaptic vesicles until getting together at en passant synapses?
We attempted to visualize the overall process of synaptic vesicle as-
sembly at en passant synapses by way of our stage top CO, incubator
system equipped to an upright confocal microscope. We cultured
corticospinal slice coculture in this incubator and chased the fate of
synaptophysin-EGFP (Syp-EGFP) labeled vesicles at various stages for
up to 50 hours. During the early phase of 2-4 days in culture, EGFP
positive vesicles appeared to form clusters to show Syp-EGFP puncta.
Unexpectedly, those Syp-EGFP puncta showed very slow (less than
100 um/hour), clearly retrograde, and long-distance movement (more
than 200 um). The movement consisted of constant-velocity moving
phases and pauses. Frequency of movement declined toward 7 DIV,
when active corticospinal synapses are there. At this stage, larger
degree of colocalization of active zone protein Bassoon with Syp-EGFP
puncta was detected. After formation of clusters, the clusters of
vesicles may move slowly and retrogradely for long-distance to find
the site of en passant synapses. No COL

Effects of synaptotagmin binding on SNARE-mediat-
ed fusion and SNARE complex formation
Kuroki, K; Masumoto, T; Ohmori, I; Michiue, H; Nishiki, T; Matsui,

H(Dept of Physiol, Okayama Univ Grad School of Med, Dent & Pharm Sci,
Okayama, Japan)

SNARES (syntaxin, SNAP25, synaptobrevin) and synaptotagmin play
a central role during Ca?*-dependent neurotransmitter release. Recent-
ly, we found that synaptotagmin dissociates from syntaxin by Ca*'.
Here, we have studied the effects of synaptotagmin binding on
SNARE-mediated fusion and its complex formation. Recombinant
SNARESs were expressed in E. coli, purified and reconstituted into li-
posomes. In lipid mixing assay, incubation with the cytosolic fragment
of synaptotagmin inhibited SNARE-mediated lipid mixing in the ab-
sence of Ca?*. However, this inhibition was reversed by Ca*, indicating
that Ca?* released the inhibitory effect of synaptotagmin from SNARES,
which triggered fusion. The SNARE complex has been proposed to
assemble like a zipper, starting from the membrane-distal termini and
progressing toward the membrane-proximal termini of the SNARE
motifs. If synaptotagmin suppresses SNARE-mediated fusion by pre-
venting SNARE complexes from fully zippering, SNAREs may exist
in a half zippered state when bound to synaptotagamin. To determine
whether such an intermediate SNARE complex exists in the presence
of synaptotagmin, we employed FRET. The data indicate that binding
of syntaxin and synaptobrevin proceeds to the immediately vicinity
of their transmembrane domains even in the presence of synaptotag-
min without Ca?". These results suggest that synaptotagmin suppress-
es SNARE-mediated membrane fusion through its synatxin binding
before Ca** triggers without inhibiting the interaction between syn-
taxin and synaptobrevin SNARE motifs. No COL

Domain-swapped oligomerization of SNAP25 for ul-
trafast exocytosis at presynaptic terminals
Sawada, Wakako; Takahashi, Noriko; Watanabe, Satoshi;

Ohno, Mitsuyo; Kasai, Haruo(Structural Physiology, CDBIM, Graduate
School of Medicine, The University of Tokyo, Tokyo, Japan)

We analysed the molecular structure of the SNARE complex using
intermolecular fluorescence resonance energy transfer (FRET) with
2-photon fluorescence lifetime imaging. We observed the do-
main-swapped oligomerization of SNAP25 at the presynaptic terminals
of mouse cortical neurons. SNAP25 is one of the SNARE proteins at
the target plasma membrane and it carries two a-helices, SN1 and SN2.
We measured the intermolecular FRET ratio between Tq-SNAP25
and SN1-Venus-SN2 and observed a high binding fraction (BF: 26%)
at the active zone. These data indicated the presence of a do-
main-swapped model, where SN1 bound to the SN2 of the other
SNAP25 molecule, and formed an oligomer. In addition, we utilized
SNAP25 knock-out mice and a rescue system by viral transfection so
that only fluorescent-labelled SNAP25 functioned. The kinetics of
Ca**-dependent exocytosis was measured using IPSC triggered by
flash photolysis of caged Ca**compounds or electrical field stimulation.
Transfection by wild-type FRET probes triggered IPSC with a time
constant (7) of 2 ms. Furthermore, we developed various fluorescent
probes of the SNAP25 mutant with longer linker between the two a
-helices (BF: 12%, IPSC delayed), or the SNAP25 mutant carrying
mutations (M71A, I1192A), which trigger slower membrane fusion (BF:
16%, no IPSC). C-terminal deletion mutant (7 or 9AA) triggered delayed
IPSC and BF was reduced. Therefore, the domain swapping of SNAP25
is necessary for rapid neurotransmitter release. No COL

Unique Roles of Docking Proteins, SNAP-25 and Syn-
taxin, in Short-Term Synaptic Plasticity Discovered
by Botulinum Neurotoxins Studies

Maeno, Takashi'; Enomoto, Ko-ichi2(!Department of Physiology, Shimane
Medical University, Izumo, Japan, *Department of Physiology, Shimane University
Faculty of Medicine, Izumo, Japan)

Tetanic enhancement and post-tetanic potentiation are conspicuous
features of synapses in respect of the short-term synaptic plasticity.
Since membrane impermeable protein modifying reagents altered the
short-term synaptic plasticity, its system was thought to be either Ca**
channels or docking proteins locating in the active zones in synaptic
terminal membrane predominantly. Using frog neuromuscular prepa-
rations, we made a Copernican breakthrough by investigating the
short-term synaptic plasticity from different angle: i.e. the roles of
syntaxin and synaptosome-associated protein of 25 kDa (SNAP-25),
plasmalemma-bound docking proteins. Botulinum neurotoxins are
specific enzymes to act on the docking proteins. Truncation of SNAP-
25 by Botulinum neurotoxin serotype A (BoNT-A) selectively abolished
the slow potentiation, whereas cleavage of syntaxin by Botulinum
neurotoxin serotype C (BoNT-C) suppressed the augmentation strong-
ly. Further, double poisoning by BoNT-A and BoNT-C eliminated both
augmentation and potentiation. Although syntaxin and SNAP-25 have
been known to cooperatively act as a docking device, the results un-
doubtedly indicate that these exert unique temporally different late
actions in the molecular processes leading to the short-term synaptic
plasticity. BoNTs studies were conducted in 1997and 1998 at the Dept.
Physiol,, Shimane Med. Univ. No COL
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Functional role of syntaxin 1B in the regulation of syn-
aptic vesicle exocytosis and of the readily releasable
pool at central synapses

Mishima, Tatsuya'; Fujiwara, Tomonori'; Sanada, Masumi’;

Kofuji, Takefumi2; Akagawa, Kimio' (:Department of Cell Physiology,
Kyorin University School of Medicine, Mitaka, Tokyo ''-%", Japan, *Division of
Radioisotope Research, Kyorin University School of Medicine, Tokyo, Japan)

Two syntaxin 1 (STX1) isoforms, HPC-1/STX1A and STXI1B, are co-
expressed in neurons and function as neuronal t-SNAREs. However,
little is known about their functional differences in synaptic transmis-
sion. STX1A null mutant mice develop normally and do not show
abnormalities in fast synaptic transmission, but monoaminergic trans-
missions are impaired. We previously reported that STX1B null mutant
mice died within 2 weeks of birth. In the present study, in order to
examine functional differences between STX1A and STX1B, we ana-
lyzed the presynaptic properties of glutamatergic and GABAergic
synapses in STX1B null mutant and STX1A/1B double null mutant
mice. We found that the frequency of spontaneous quantal release was
lower and the paired-pulse ratio of evoked postsynaptic currents was
significantly greater in glutamatergic and GABAergic synapses of
STXI1B null neurons. Deletion of STX1B also accelerated synaptic
vesicle turnover in glutamatergic synapses and decreased the size of
the readily releasable pool in glutamatergic and GABAergic synapses.
Moreover, STX1A/1B double null neurons showed reduced and asyn-
chronous evoked synaptic vesicle release. Our results suggest that
although STX1A and STXI1B share a basic function as neuronal
t-SNARESs, STX1B has an essential role in the regulation of spontaneous
and evoked synaptic vesicle exocytosis in fast transmission. No COL

Serotonergic fiber distribution and chronic pain-in-
duced changes of the emotional behaviors in syntaxin
1A knockout mice

Maekawa, Masao; Hori, Yuuichi(Dept of Physiol & Biol Inf, Dokkyo Med
Univ Sch of Med, Mibu, Tochigi, Japan)

Serotonergic fibers are distributed widely throughout the brain and
are involved in variety of brain functions. We have reported that mice
with largely reduced serotonergic fibers demonstrate impaired per-
formance of water maze learning and reduced prepulse inhibition.
Syntaxin 1A is involved in the synaptic transmission and dysfunction
of the syntraxin 1A results in abnormal brain functioning. Recent work
indicated that serotonergic functions were impaired in the syntaxin
1A knockout mice. To support the idea that syntaxin 1A affects the
emotional behaviors through impairing serotonergic functions, we
investigated the serotonergic fiber distribution in the brain and the
emotional behaviors of syntaxin 1A knockout mice. The reduction of
the serotonergic fibers in the brain of knockout mice was investigated
under fluorescent microscope using the BAC transgenic mouse ex-
pressing green fluorescent protein under the control of promoter of
the tryptophan hydroxirase 2. We investigated the emotional behaviors
of the knockout mice with arthritic hind paw. In the arthritic mice
group, CFA (0.05ml) was injected into knee joint of the left hind paw
under halothane anesthesia 1-2 days before behavioral tests. Ultrason-
ic vocalization (USV, 50 = 4 kHz) was recorded after nociceptive
stimulation to the hind paw. Arthritic knockout mice emitted USV to
a greater extent compared to arthritic wild type mice. The results
suggest that the knockout of syntaxin 1A affect chronic pain induced
emotional behaviors through the impairment of the serotonergic system
in the brain. No COL

Direct mechanical regulation of presynaptic functions
by enlargement of dendritic spines in CA1 pyramidal
neurons

Watanabe, Satoshi'-2; Takahashi, Noriko'; Noguchi, Jun’;

Kasai, Haruo2('Laboratory of Structural Physiology, Graduate School of
Medicine, The University of Tokyo, Tokyo, Japan, *CREST, JST, Kawaguchi, Japan)

Dendritic spines of cortical excitatory synapses undergo extensive
enlargement during long-term potentiation (LTP). It has been, howev-
er, still elusive whether LTP involves alterations of presynaptic func-
tions. For example, retrograde messengers have not been identified.
We therefore test the possibility that the enlargement of dendritic
spines mechanically facilitates presynaptic functions. Glutamate release
from presynaptic terminals on an identified spine was imaged using
GCaMP6s expressed in CA1 pyramidal neurons in cultured hippocam-
pal slices. Calcium signals from dendritic spines showed either success
or failure of transmission in response to Schaffer collateral stimulation,
allowing measurement of transmitter release probability (Pr). We found
that Pr was tightly correlated with the spine volume in the rest-
ing-state, and markedly enhanced during artificial spine enlargement
induced by blue light irradiation of photo-activatable Racl (PA-Racl).
Local application of hypertonic solution also increased Pr. Moreover,
our SNARE-based FRET probes demonstrated immediate increases
in presynaptic SNARE complex by spine enlargement. These results
suggest that spine structural plasticity can regulate presynaptic func-
tions by direct mechanical interactions in rapid and synapse specific
manner. Thus, the spine enlargement may rapidly potentiate both pre
and postsynaptic functions, and effectively facilitate the formation of
cell assembly in cortical networks. No COL

Roles of Paranodal Potassium Channels in Cerebellar
Purkinje Cell Axons

Hirono, Moritoshi; Misonou, Hiroaki(Graduate School of Brain Science,
Doshisha University, Kizugawa, Japan)

Voltage-gated potassium channels are uniquely situated at and near
the node of Ranvier and thought to play crucial roles in regulating
action potentials (APs) in the axon. Recently we obtained results that
the calcium- and voltage-activated Slo/BK potassium channel is ex-
pressed in the paranodal region of myelinated axons in cerebellar
Purkinje cells (PCs). Therefore, we examined whether paranodal Slo/
BK channels regulate APs in PC axons. Using mouse cerebellar slices,
we recorded antidromic APs, which were evoked by electrical stimu-
lation of PC axons in the white matter, from their soma by whole-cell
current-clamp recordings. Short single stimulation caused a single AP
with a delay depending on the distance of the stimulation electrode
from the soma, suggesting that the APs we observed are antidromic
APs. To test the role of Slo/BK channels in AP propagation, we ex-
amined the failure rate of the antidromic APs upon repetitive stimu-
lation at 50-300 Hz. In the control, failure of the antidromic APs was
observed with the stimulation at high frequencies over 100 Hz. Puff-ap-
plication of a Slo/BK channel blocker near the stimulation site in the
axon significantly increased the failure rate. Moreover, local axonal
applications of nickel also increased the failure rate. These results
suggest that paranodal Slo/BK channels impact propagation of anti-
dromic APs, particularly at high firing rates. We will also discuss ax-
onal calcium transients, which activate paranodal Slo/BK channels, the
ionic mechanism of how Slo/BK channels regulate APs, and their
potential implications in cerebellar PCs. No COL
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Estimation of the coupling distance between Ca?
channels and exocytotic sensors using 3D diffusion
model

Imoto, Keiji'2; Satake, Shin'lchiro!2(!Dept Information Physiol, Natl Inst

Physiol Sci, Okazaki, Japan, *Dept Physiol Sci, School Life Science, The Graduate
Univ for Advanced Studies (SOKENDATI))

Neurotransmitter release is evoked by Ca?" entering through Ca*
channels. Ca*" spreads by diffusion and reaches exocytotic Ca?* sensors
within ~100 nm from the channel. To estimate the coupling distance
and the effect of paired-pulse activation on the coupling distance, we
constructed a simple model of Ca?* diffusion and reaction with buffers
(fixed, mobile, and exogenous), and combined it to the Ca*-dependent
stochastic release model. Simulation was done in 2D- and 3D-spaces
using the finite difference method with the 10 nm grid size. When
there was one channel, a separate model of concentric multilayered
shells was also used. In 2D simulation, the coupling distance was ~100
nm. When two Ca?* channels (300 nm apart) were activated, P, (release
probability) at the midpoint was enhanced by paired pulse activation.
Enhancement was clearly reduced by EGTA, without influencing P,
near the channels. These results were consistent with our previous
experimental data, and suggest the microdomain signaling in paired-
pulse facilitation. In 3D simulation, diffusion became the predominant
determinant, and the coupling distance became shorter. The EGTA
effect on P, between the activated channels was not observed. This
suggests involvement of other factors to determine the coupling dis-
tance, such as occupation of yet another endogenous buffers, hindrance
of diffusion by the intracellular matrix, sustained Ca?* binding to
exocytotic sensors. Further scrutiny is required for a more realistic
model. No COL

Role of glutamate transporter in inhibitory synaptic
transmission

Ishibashi, Hitoshi'-2, Yamaguchi, Junya? Nakahata, Yoshihisa?;
Nabekura, Junichi?('Dept. Physiol., Kitasato Univ. School of Allied Health Sci.,
Sagamihara, Japan, *Dept. Develop. Physiol., Natl. Inst. Physiol. Sci., Okazaki,
Japan)

Fast inhibitory neurotransmission in the central nervous system is
mediated by GABA and glycine, which accumulate in the same pre-
synaptic nerve terminal by vesicular inhibitory amino acid transport-
er (VIAAT) and are then co-released. However, the mechanisms that
control the packaging of GABA+glycine into synaptic vesicles are not
fully understood. In this study, we demonstrate the dynamic control
of the GABA/glycine co-transmission by the neuronal glutamate trans-
porter, using paired whole-cell patch recording from monosynaptical-
ly coupled cultured spinal cord neurons derived from VIAAT-Venus
transgenic rats. Short step depolarization of presynaptic neurons
evoked unitary (cell-to-cell) inhibitory postsynaptic currents (IPSCs).
Under normal conditions, the fractional contribution of postsynaptic
GABA or glycine receptors to the unitary IPSC did not change during
a 1 hour recording. Raised extracellular glutamate levels increased
the amplitude of GABAergic IPSCs by enhancing glutamate uptake
and reduced glycine release. Similar effects were observed when
presynaptic neurons were intracellularly perfused with glutamate.
Interestingly, high-frequency trains of stimulation decreased glyciner-
gic IPSCs more than GABAergic IPSCs. The present results suggest
that the enhancement of GABA release by glutamate uptake may be
advantageous for rapid vesicular refilling of the inhibitory transmitter
at mixed GABA/glycinergic synapses and thus may help prevent
hyperexcitability. No COL

Simulation analysis of K* buffering in astrocyte

Murakami, Shingo; Kurachi, Yoshihisa(Dept. Pharmacol., Osaka Univ.
Sch. Med.)

In response to elevation of extracellular K* concentration ([K*],,,), as-
trocytes clear excessive extracellular K* to maintain proper environ-
ment for neural activity. The K* clearance mechanism in astrocytes
takes two forms: K™ uptake and K* spatial buffering. The high [K*],,,
also induces swelling of astrocyte, which leads to edema and cell death
in the brain. Here we report simulation analysis on the mechanisms
of the astrocytic K* clearance and swelling. Astrocyte models were
constructed by incorporating into a compartment model various mech-
anisms, such as intra/extracellular ion concentrations of Na*, K* and
CI, cell volume, and models of Na,K-ATPase, Na-K-Cl cotransporter
(NKCC), K-Cl cotransporters, inwardly rectifying K* (KIR) channel,
passive CI current, and Aquaporin channels. Simulated response of
astrocyte models to high [K*],, revealed significant contributions of
NKCC and Na,K-ATPase to the increases of the intracellular K* and
Cl concentrations, and swelling. Moreover, we show that the KIR
channel localized at synaptic cleft absorbs the excessive K* by depo-
larizing equivalent potential for K* (Ex) above membrane potential,
while the K* release through KIR channel localized at perivascular is
enhanced by hyperpolarizing E; and depolarizing membrane potential.
Further analysis of simulated drug effects shows that K* uptake, K*
release and swelling can be modulated differently by blocking each of
the ion channels and transporters. Thus, by identifying their distinct
roles, we here show that astrocytes can be new potential target in
drug therapy for diseases accompanying high [K*] .. No COL

out

Manipulation of neuronal activities by non-invasive
optogenetic approach to astrocytes
Yoshida, Keitaro; Xu, Ming; Tanaka, Kenji; Mimura, Masaru;

Takata, Norio(Department of Neuropsychiatry, School of Medicine, Keio
University)

How and where do focal neuronal activities spread? Functional MRI
can be a tool to monitor spreading manners, however, the requirements
of both time-controlled activation and reproducible outcome make the
application difficult. We thus challenged to establish an experimental
model that satisfies above points. Optogentics is ideal for time-controlled
manipulation, but an optic fiber insertion to brain parenchyma causes
an injury, which disturbs a reproducible result. The usage of light-sen-
sitive channelrhodopsin variant, C128S, permitted successful photoac-
tivation of cortical astrocytes by an illumination over the skull, result-
ing in consistent neuronal activation. We further demonstrated that a
weak illumination resulted in the focal activation but a strong illumi-
nation resulted in the propagation of neuronal activity throughout the
hemisphere. These data indicated an establishment of non-invasive,
controllable model in neuronal activity. No COL
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Developmental change in the nonuniform distribution
of presynaptically silent synapses in single cultured
hippocampal neuron

Koyama, Miharu(The Fifth Department of Pharmacy, University of Fukuoka,
Japan)

A concept of silent synapse is widely accepted in the central nervous
system. It is well known that postsynaptic silencing results from a
failure of synaptic transmission despite that glutamate is released
normally from presynaptic terminals. On the other hand, presynapti-
cally silent synapse is physiologically determined as the fact that the
presynaptic terminal is present but is not releasing neurotransmitters.
However, precise characteristics of presynaptically silent synapses are
not fully understood. In this study, presynaptically silent synapse was
identified at excitatory glutamatergic synapses on single cultured
hippocampal neuron at 7-9, 13-15 and 21-27 days in vitro (DIV) by
double staining with a styryl dye, FM1-43 and anti-VGLUT]1 antibody.
Synaptic allocation was determined as a function of a given area of
concentric circles from soma. We found that the fraction of presynap-
tically silent synapses somehow increased depending on the distance
from soma. In addition to the nonuniform distribution, total percentage
of presynaptically silent synapses within a single neuron was decreased
during culture periods, indicating that presynaptic silencing shifts to
active state in a developmental stage-dependent manner. We conclude
that information processing would be finely tuned by change in the
fraction of presynaptic silencing with age. No COL

Binomial distribution analysis of two components of
short-term synaptic plasticity, facilitation and potenti-
ation, at the frog neuromuscular junction

Suzuki, Naoya(Department of Physics, School of Science, Nagoya University,
Nagoya, Japan)

To investigate the mechanism of tetanic stimulation induced enhance-
ment of transmitter release, we analyzed two components of short-term
synaptic plasticity, facilitation and potentiation, using binomial distri-
bution with two parameters, release probability (p) and number of
releasable synaptic vesicles (n) having that release probability. Frog
neuromuscular junction was used as synapse preparation. Endplate
potentials (EPPs) and miniature endplate potentials (MEPPs) were
electrically recorded with an intracellular glass microelectrode in a
low Ca*" high Mg?" Ringer’s solution (0.50-0.75 mM Ca?", 5 mM Mg?*).
Facilitation was induced by 8 stimuli with interval of 25 or 30 msec.
Potentiation was induced by 500 stimuli at 20 Hz and steady enhanced
state was maintained by 350 stimuli with interval of 150-200 msec.
The ratio of variance increase to mean increase of facilitated EPPs
distribution was almost 1. However, that value of potentiated EPPs
distribution was smaller than 1. These results suggests that the en-
hancement of transmitter release during facilitation and potentiation
was caused mainly by the increase of n and p, respectively. The detailed
binominal analyses of the change of two parameters, p and n, during
facilitated and potentiated EPPs distributions confirmed that increase
of n and p contributed largely to the enhancement of transmitter re-
lease in facilitation and potentiation, respectively. No COL

Effects of astaxanthin on neuronal functions

Isonaka, Risa; Katakura, Takashi; Kawakami, Tadashi(Department of
Physiology, Kitasato University School of Medicine, Sagamihara, Japan)

Astaxanthin (AX) is a carotenoid pigment. It is widely distributed in
nature, which is included in microalgae, crustacean, and the other
marine animals. AX could eliminate reactive oxygen species (ROS),
therefore it has attracted attention as a protecting agent against
damage caused by oxidative stress. Several experimental evidences
showed that AX provides antioxidant effects, however the direct effects
of AX on neuronal cell have rarely reviewed. In this study, we inves-
tigated the effects of AX on neurite growth in cultured rat spinal
neurons. Neurofilaments were identified by immunocytochemistry
using anti- neurofilaments antibody (SMI-31, SMI-32), and measured
neurite length. Neurons pretreated for 24 h with AX alone and subse-
quently treated for 72 h with AX and the ROS donor. Treatment with
AX alone was not significantly effects on neurite growth, whereas it
blocked against the growth inhibitory effects of the ROS donor in
neurons. Furthermore, we examined the direct effects of AX on axonal
transport in cultured dorsal root ganglion neurons. No COL
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Cortico-cortical connections of the insular auditory
field in mice
Wang, Chi; Takemoto, Makoto; Song, Wen-Jie(Dept of Sensory and

Cognitive Physiology, Graduate School of Medical Sciences, Kumamoto University,
Kumamoto, Japan)

An auditory field in the insular cortex has recently been identified. As
the first step to understand the function of the insular auditory filed
(IAF), here we examined the connection of IAF with other areas of
the cerebral cortex in mice. First we focused on the connection between
IAF and the anterior auditory field (AAF). Using voltage-sensitive
dye-based optical imaging, we identified IAF and AAF by their char-
acteristic frequency gradient. Two fluorescent tracers in distinct colors
were then injected into each of the fields at frequency matched sites.
After a survival period of three days, retrogradely labeled cells were
found in both IAF and AAF, within the injection sites, suggesting a
reciprocal, topographic connection between the two fields. Interesting-
ly, we also found retrogradely labeled cells in sensorimotor areas of
the cortex. Such connections of IAF with areas of different modalities
suggest its role in linking sounds to actions. No COL

Quantitative frequency-position relationship in the pri-
mary auditory cortex in guinea pigs
Song, Wen-Jie'2; Nishimura, Masataka' ('Dept of Sensory and Cognitive

Physiology, Graduate School of Medical Sciences, Kumamoto University,
Kumamoto, Japan, ’HIGO progran)

Orderly representation of sound frequency over space is a hallmark
of the primary auditory cortex (Al). A quantitative relationship be-
tween sound frequency and cortical position is yet to be established.
Here we examined this relationship in guinea pig Al by presenting
stimulus tones in a wide frequency range, and recording the evoked
cortical responses with a high spatial resolution optical imaging tech-
nique. We determined three best-frequency positions as the cortical
positions in Al for each tone frequency: the onset response position,
the peak amplitude position, and the maximum rise rate position of
the response evoked by a tone of the frequency. A nonlinear log fre-
quency-position relationship was found for each of the three indices,
and the frequency-position relationship was always well described by
a Greenwood equation, with correlation coefficients greater than 0.99.
Cortical magnification factor, measured in octave/mm, was found to
be a function of frequency, not a constant. Representation of frequen-
cy in Al was more spatially even than in the cochlea. Our results
establish a quantitative relationship for sound frequency and cortical
position in guinea pig Al, and should find application in an array of
studies including modeling of the auditory cortex. No COL

Spectral and temporal sensitivity of sustained and
phasic neurons investigated for multiple sounds in the
primary auditory cortex of awake cats

Chimoto, Sohei; Tazunoki, Shun; Sato, Yu(Department of Physiology,
University of Yamanashi)

In previous studies we have shown that the primary auditory cortex
(A1) neurons of awake animals showed diversity of the response
time-courses from phasic to sustained patterns during pure tone stim-
uli. Following studies also showed that Al neurons have such response
patterns during amplitude modulation (AM), frequency modulation
(FM), and vowel sounds. It is not yet investigated whether or not a
given phasic (sustained) neuron responds to any kinds of sound stim-
uli in the phasic (sustained) time course. In this study we investigated
response time courses to various artificial sounds (pure tones, two
tones, noises, click trains, AM sounds, and FM tones) and natural sounds
(environmental sounds, meow, vowels, and consonants). Neurons with
phasic responses to pure tones had wide frequency response field
(FRF) and showed phasic responses to all kinds of sounds investigated.
Comparison of peak response amplitudes among sounds showed no
sound specificity. Neurons with sustained responses to pure tones had
relatively narrow FRF and many neurons showed inhibitory subfields
to two tones stimuli. They showed sustained responses to all sounds
when the spectral frequency of the sound was located at the cell's FRF
and not located at the inhibitory subfields. Comparison of mean driven
rate among sounds showed no sound specificity. These results suggest
that a single neuron in Al processes similar information contained in
any kinds of sounds and each neuron with different time-courses codes
the different acoustic characteristics of those sounds. No COL

Properties as associative memory circuits in the pri-
mary auditory cortex of mice

Tsukano, Hiroaki; Hishida, Ryuichi; Shibuki, Katsuei(Dept of
Neurophysiol, Brain Res Inst, Niigata Univ, Japan)

In the present study, we found properties of the mouse primary audi-
tory cortex (Al) as associative memory circuits. Previously, we have
reported that responses to fundamental frequency (f0) are recorded in
AT of mice using flavoprotein fluorescence imaging, even when spectral
energy at fO is missing. Harmonic sounds of simultaneously presented
20 kHz and 25 kHz, which produced missing fO perception at 5 kHz,
activated the 5 kHz area, while inharmonic sounds of simultaneously
presented 19 kHz and 26 kHz did not. Two-photon imaging confirmed
the results obtained by using flavoprotein fluorescence imaging: single
neuronal activities to 20+25 kHz sound were significantly correlated
with those to 5 kHz, but had little correlation with those to 20 kHz
alone or 25 kHz alone in the 5 kHz area of Al FO responses were not
observed in the mouse strain which exhibited almost no chirps, except
in the case that they were reared by normal parents with frequent
chirps. In mice reared in the presence of 5+19+26 kHz, the 5 kHz area
in Al responded to inharmonic sounds of 19+26 kHz. These results
indicate importance of experience for producing fO responses. Further-
more, a new hypothesis is suggested that recall of missing fO respons-
es from experience may be only a part of Al functions: Al may have
properties as associative memory circuits. In accordance with this
possibility, harmonic sounds of 4+8 kHz activated the 20 kHz area,
while inharmonic sounds of 5+7 kHz did not. These results clearly
indicate the properties of Al as associative memory circuits. No COL
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Responses of auditory fields sensitive to species-spe-
cific pup calls in rats

Kudoh, Masaharu; Nishida, Yoko; Ogawa, Go(Dept Physiol, Teikyo Univ
Sch Med, Tokyo, Japan)

Rodent pups emit lower frequency calls other than isolation induced
ultrasonic calls. We have reported that low frequency pup calls of rats
can be divided into three groups: harmonic-type calls, noise-type calls
and pulse trains. Rat pups frequently utter low frequency calls when
they are with the mother, indicating that pup calls are an important
factor in maintaining a close mother-pup relationship. Endogenous
flavoprotein fluorescence imaging (excitation: 450-490 nm, emission:
500-550 nm) conducted in mother rats after 3 weeks of weaning peri-
od and nulliparous control rats shows that harmonic calls evoke clear
fluorescence responses in the primary auditory cortex (Al). In contrast,
synthetic noise-type calls evoke marked responses in the posterior
part of AI and posterior auditory field (PAF). In the present study, we
investigated plastic changes in auditory cortical responses to low
frequency pup calls in mother rats. Fluorescence responses of Al to
harmonic calls and those to artificial harmonic sounds (a fundamental
and 2nd and 3rd overtones) were not significantly different in nullip-
arous rats. However, fluorescence responses to harmonic calls were
greater than those to artificial harmonic sounds in mother rats, indi-
cating Al of mother rats responds selectively to harmonic pup calls.
Synthetic noise calls evoked stronger fluorescence responses in PAF
of mother rats than nulliparous rats. These findings indicate that dif-
ferent groups of auditory fields are sensitive to distinct type of spe-
cies-specific pup calls in rats. No COL

Distinctions in burst spiking between auditory cells in
thalamic reticular nucleus projecting to first and high-
er-order thalamic nuclei

Kimura, Akihisa; Imbe, Hiroki; Donishi, Tomohiro;

Kaneoke, Yoshiki(Department of Physiology, Wakayama Medical University,
Wakayama, Japan)

Thalamic reticular nucleus (TRN) plays a pivotal role in gain and/or
gate control of sensory inputs transmitted from thalamic nuclei to
cortical areas. TRN contains two types of auditory cells projecting to
the ventral (MGV) and dorsal divisions (MGD) of medial geniculate
nucleus, which, as first- and higher-order thalamic nuclei, are involved
in sensory processing of lemniscal and non-lemniscal systems. Previ-
ously, we reported distinctions in auditory response properties between
the two types of cells (TRN-MGV and TRN-MGD cells), which were
determined in anesthetized rats, using juxta-cellular recording and
labeling techniques. In the present study we further examined spon-
taneous cell activity recorded in a state with a steady ambient noise
level (< 45 dB).TRN cells exhibited single spikes and bursts. Bursts of
TRN-MGYV cells consisted of larger numbers of spikes with shorter
inter-spike intervals as compared to those of TRN-MGD cells in both
spontaneous activity and auditory response elicited by noise burst
stimuli (intensity, 70-80 dB; duration, 100 ms). These distinctions in
burst spiking were comparable to those observed in the two types of
TRN visual cells projecting to first- and higher-order thalamic nuclei
(Neuroscience, 2012). Burst spiking of TRN cells could have a significant
impact on thalamic cell activity. In the loop connectivity between the
cortex and thalamus TRN is highly likely to subserve differential
modulations of sensory processing in lemniscal and non-lemniscal
systems. No COL

The effect of claudin-14 on maintenance in EP and
endolymphatic ionic concentrations

Daikoku, Eriko’; Shiraiwa, Yuka'; Saito, Masahisa'; Yamaiji, Junko’;
Hasegawa, Keiko?; Haginomori, Shin-ichi2; Kawata, Ryo?; Kubota,
Takahiro'(Dept. Physiol., Fac. Med., Osaka Med. Coll., Takatsuki, Japan, *Dept. of
Otolaryngol., Fac. Med., Osaka Med. Coll., Takatsuki, Japan)

We measured K*, Na*, Ca?*, and H* concentrations in endolymph ([K],,
[Na]., [Ca].. pH,) with endocochlear potential (EP) in both wild type
(Cldn14**) mice and claudin-14 knockout (Cldn14") mice at 8 weeks of
age, using double-barreled ion-selective microelectrodes. We also mea-
sured the auditory brain response (ABR) in both mice. We obtained
the following results. 1) pH,, [K],, [Na],, and [Ca], in Cldn14** mice were
798, 155 mM, ~0.5 mM, ~100 nM, respectively and those in Cldnl4"
mice were 7.85, 154 mM, 1.2 mM, ~1 uM, respectively. Significant
difference in above those values between Cldn14** and Cldnl4"- mice
were observed in pH, and [Ca].. EP was +102 mV in Cldnl4** and
+90 mV in Cldnl4”- mice. At more than 14 weeks of age in Cldnl4"
mice, EP was reduced to +30-50 mV, pH, was decreased to 7.51, and
[Ca], was ~0.1 mM. Significant correlation between EP and [Ca], was
observed in both Cldnl4** and Cldnl4” mice. ABR was gradually
reduced from 4 weeks to 14 weeks of age in Cldnl4”- mice. These
findings suggest that Cldnl4** mice have the EP more than 100 mV,
high pH,, and low [Ca). and claudin-14 has small, but important effects
on maintenance in EP and endolymphatic ionic concentrations. No COL

Interaural canal affects the sensitivity of processing
the interaural time difference detected in the nucleus
laminaris in the chick

Ota, Naomi; Ohmori, Harunori(Department of Physiology, Graduate School of
Medicine, Kyoto University, Kyoto, Japan)

The interaural time difference (ITD) is a major cue for sound localiza-
tion and is first processed in the nucleus laminaris in birds. ITD is a
function of a head size of animal, thus it is extremely small in small-head-
ed animals such as chicks. It has been suggested that ITD is enhanced
through the acoustic interference of sound between two middle ear
cavities through the interaural canal. However, the effect of the inter-
aural canal has not been directly demonstrated in the ITD processing
in any auditory nuclei. We therefore conducted experiments that oc-
clude the interaural canal with an agarose gel, and examined the effects
of occlusion on the neural activity in the nucleus laminaris. After the
occlusion, the ITD tuning function is shifted along the ITD axis, thus
the property of ITD processing was changed especially within the
physiological range of I'TD. These findings confirm that acoustic cou-
pling through the interaural canal affects the sensitivity of ITD pro-
cessing in the nucleus laminaris. No COIL
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Regulation of energy metabolism and cardiovascular
function by the hypothalamic AMP-activated protein
kinase

Tanida, Mamoru; Shibamoto, Toshishige(Department of Physiology II,
Kanazawa Medical University)

In mammals, AMP-activated protein kinase (AMPK) is extremely es-
sential in the intracellular signaling pathway involving active leptin
receptors. We investigated the potential role of hypothalamic AMPKa2
in cardiovascular function and energy metabolism with using in vivo
siRNA injection to knockdown AMPKaZ2 in rats. In the present study,
we produce reduced hypothalamic AMPKa2 expression by 3 days
injection of sSiRNA into the third ventricle. The AMPKa2 siRNA-treat-
ed rats had lower post-transfection body weights, whereas body
weights were unchanged in control siRNA-treated rats. In addition,
basal levels of mean arterial pressure of AMPKa2 siRNA-treated rats
were significantly higher compared with those of control siRNA-treat-
ed rats. Basal levels of blood adrenaline, noradrenaline, glucose and
leptin were similar between the two groups, but leptin effects on body
weight, food intake, blood pressure, heart rate and blood FFA levels
were eliminated in AMPKa2 siRNA-treated rats. Moreover, leptin-
evoked enhancements of the sympathetic nerve outflows to the kidney,
brown and white adipose tissues were attenuated in AMPKa2 siR-
NA-treated rats. These results suggest that hypothalamic AMPKa2
may be involved not only in appetite and body weight regulation but
also in the regulation of circulation and energy metabolism. Especially,
AMPK might function as a key molecule in the cardiovascular and
lipolytic effects of leptin through the sympathetic nervous system. No
COL

Effects of orexins on parasympathetic preganglionic
neurons in the superior salivatory nucleus innervating
the salivary glands

Mitoh, Yoshihiro'; Sato, Tadasu?; Fujita, Masako'; Kobashi, Motoi';
Ichikawa, Hiroyuki2, Matsuo, Ryuji'(Department of Oral Physiology,
Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical

Sciences, Okayama, Japan, *Division of Oral Craniofacial Anatomy, Tohoku
University Graduate School of Dentistry)

Orexin (ORX)-A and -B are synthesized by lateral hypothalamic neu-
rons (LH) and are implicated in the regulation of feeding and arousal.
Meanwhile, neuroanatomical studies revealed that the superior saliva-
tory nucleus (SSN) neurons innervating the submandibular and sub-
lingual salivary glands, which is the primary parasympathetic center,
receives direct projections from LH neurons. However, there are no
reports that neuronal activity of SSN is influenced by ORXs. This work
aimed to examining the effects of ORXs on neuronal activity and ex-
pression of orexin receptor (ORXR) subtypes (ORXRI1 and 2) in rat
SSN neurons. Whole-cell patch-clamp techniques were applied to SSN
neurons retrogradely labeled with a fluorescent tracer from the chor-
da-lingual nerve. At 100 nM, ORX-A induced inward currents and
elicited action potentials in most of SSN neurons. Although ORX-B
induced inward currents in 40% of neurons, it hardly elicited action
potentials. In the presence of an ORXRI1 antagonist, SB-334867, the
peak amplitude of inward currents to ORX-A were completely inhib-
ited in about 60% of neurons. Immunohistochemical studies showed
that ORXR1 and 2 expressions in SSN neurons are 53% and 40%, re-
spectively. These data suggest that SSN neurons were mainly excited
by ORX-A via ORXRI1. ORXs may contribute to abundant salivary
secretion during feeding. No COL

Immunohistochemical analysis of Nav1.9 sodium
channel and transient receptor potential ankyrin 1
(TRPAT1) in newborn rat large intestine enteric ner-
vous system

Saiki, Chikako; Ide , Ryoji; Tamiya, Junko;

Matsumoto, Shigeji(Department of Physiology, Nippon Dental University,
School of Life Dentsitry at Tokyo, Tokyo, Japan)

In this study, we examined whether Nav1.9 sodium channel and tran-
sient receptor potential ankyrin 1 (TRPA1) are detectable immunohis-
tochemically in neonatal rat enteric nervous system of large intestine.
We used newborn rat (a week old). After euthanasia, segments of the
rat colon were removed. The tissues were washed and dehydrated in
graded sucrose solutions (10, 20 and 30 %) at 4°C. The mucosa was
eliminated with tweezers and the remaining tissues were frozen in
liquid nitrogen. Cryostat sections were cut at 10 um thickness, and
incubated with primary antibodies directed against Nav1.9 sodium
channel, TRPA1 and PGP9.5. For double immunostaining, incubations
with the three combinations of the antibodies (Nav1.9 and TRPAI;
Navl.9 and PGP9.5; TRPA1 and PGP9.5) were conducted for three
nights at 4°C. Then the tissues were incubated with secondary antibody
(1 hr, at room temperature) and washed with PBS before mounted on
slides. We detected Navl.9 or TRPA1 expression in the PGP9.5 posi-
tive neurons, which are distributed in muscle layers. Moreover, co-lo-
calization of Nav1.9 and TRPA1 was observed among the area, which
is corresponding to the myenteric plexus. In conclusion, our results
suggest that at least in newborn rat myenteric plexus of the large
intestine functional dependence may exist between Nav1.9 channel
and TRPAL No COL
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Characterization of ghrelin-sensitive neurons in the
lumbosacral defecation center that are associated
with facilitation of colorectal motility in rats.

Naitou, Kiyotada; Sugita, Riko; Nakamori, Hiroyuki;

Shiina, Takahiko; Shimizu, Yasutake(Veterinatry Science, Laboratory of

Physiology, The United Graduate School of Veterinary Sciences, Gifu University,
Gifu, Japan)

We have previously demonstrated that ghrelin applied to the L6-S1
spinal cord level enhances colorectal motility. In situ hybridization
showed that neurons in the spinal cord express ghrelin receptor. In
this study, we characterized the ghrelin-sensitive neurons in the lum-
bosacral defecation center, with particular focus on their similarity
with those in the hypothalamus. Rats were anesthetized with alpha-chlo-
ralose, and the distal colon and anus were cannulated to measure the
intracolorectal pressure and propelled intraluminal liquid volume. The
intrathecal injection of tetrodotoxin abolished the prokinetic effect of
ghrelin. NPY, which is a major neuropeptide released from ghrelin-sn-
sitive neuron in the hypothalamus, did not enhance colorectal motility.
Consistently, NPY-Y1 receptor antagonist failed to inhibit the action
of ghrelin. Although leptin exerts opposite effects to ghrelin on the
activity of hypothalamic neurons, leptin had no effect. We then exam-
ined effects of AMP-activated protein kinase (AMPK) activation in the
lumbosacral defecation center, since AMPK is known to be related to
effect of ghrelin on food intake. Intrathecal administration of an acti-
vator of AMPK, AICAR, failed to enhance the colorectal motility. These
results suggest that characteristics of the ghrelin-sensitive neurons in
the lumbosacral defecation center are different in those of the hypo-
thalamus. No COL

Serotonin enhances colorectum motility through an
activation of lumbosacral defecation center in rats.
Nakamori, Hiroyuki'; Naitou, Kiyotada?; Shiina, Takahiko'?;
Shimizu, Yasutake'-?('Laboratory of Veterinary Physiology, Faculty of Applied
Biological Sciences, Gifu University, Gifu, Japan, *Department of Basic Veterinary
Science, Laboratory of Physiology, The United Graduate School of Veterinary
Sciences, Gifu University, Gifu, Japan)

Serotonin (5-HT) is one of the transmitters regulating gut motility in
the enteric nerve systems. In the present study, we examined effects
of stimulation of 5-HT receptors in the lumbosacral defecation center
on colorectal motility in rats.Rats were anesthetized with a-chloralose
and ketamine, and colorectal intraluminal pressure and propelled in-
traluminal liquid volume were recorded in vivo.An intrathecal admin-
istration of serotonin to the L6-S1 region of the spinal cord elicited
periodic increases in colorectal intraluminal pressure that were asso-
ciated with increases in fluid output through the anal cannula. Similar
enhancement of colorectal motility was induced by intrathecal admin-
istration of 5-HT2 agonist, a-methylserotonin and 5-HT3 agonist,
1-(3-chlorophenyl)biguanide. In contrast, 5-HT1 or 5-HT4 agonist had
no effects. Application of either 5-HT2 or 5-HT3 antagonist partially
blocked the prokinetic effect of serotonin, whereas the serotonin effect
was totally abolished when these antagonists were applied simultane-
ously.It is concluded that serotonin promotes propulsive contractions
of the colorectum through an activation of 5-HT2 and 5-HT3 receptor
in the lumbosacral defecation center. No COL

Firing properties of medullary expiratory neurons
during defecation
Sasaki, Sei-Ichi'; Niwa, Masatoshi(Ctr. Med. Sci., Ibaraki Pref. Univ. of

Hith. Sci., Ami-machi, Ibaraki, Japan, *Dept. of Occup. Therp., Kyorin Univ.,
Hachioji, Japan)

Defecation is normally assisted by contraction of diaphragm and ab-
dominal muscles. Experimental evidence suggests that expiratory (E)
neurons of caudal NRA closely interrelated with the activities of
neurons controlling respiration and automomic functions, because E
neurons extend their axons in the lumbar and sacral spinal cord. The
purpose of this study is to examine the possible mechanisms interact-
ing with the respiratory neurons and the defecation. The experiments
were performed on adult cats anesthetized with urethane-alpha chlo-
ralose. The phrenic nerve, L1 and L2 abdominal nerves were prepared
for recording. The animals were paralyzed and kept on artificial ven-
tilation. Glass micropipettes were used for extracellular recordings of
respiratory neurons. Spinal projection of the respiratory neuron was
tested by monopolar stimulation of the lumbar and sacral spinal cord.
Defecation was induced by injection of warm Ringer solution into the
soft rubber balloon which was inserted in the rectum. E neurons
showed the respiratory rhythm in the expiratory phases during def-
ecation. But firing frequencies of E neurons having their descending
spinal axons to the lower thoracic and lumbar segments increased
during defecation, but those of E neurons to the sacral segments de-
creased. These results suggest that E neurons to the lower thoracic
and lumbar segments may exert excitatory synaptic inputs to the
abdominal motoneurons and E neurons to the sacral segments synap-
tic inputs to the pudendal motoneurons via sacral local circuits during
defecation. No COL

A method for recording of afferent and efferent mesen-
teric sympathetic nerve activity in rats
Kemuriyama, Takehito; Ohta, Hiroyuki; Tandai-Hiruma, Megumi;

Tashiro, Akimasa; Hagisawa, Kohsuke; Nishida, Yasuhiro(Dept.
Physiol., Nat. Def. Med. Coll., Tokorozawa, Japan)

We previously demonstrated that an experimental model for simulta-
neous measurements of mesenteric sympathetic nerve activity (SNA),
arteriolar diameter, and blood flow in small intestinal arterioles of
Sprague-Dawley rats, to evaluate a quantitative relationship between
SNA and arteriolar vasomotion for blood pressure control. The aim of
this study was to develop a method for recording of afferent and ef-
ferent mesenteric SNA. Using intraperitoneal urethane (1.2 g/kg), the
small intestine was exteriorized through a midline abdominal incision
and placed on a dish. The mesenteric nerve was exposed between the
mesenteric artery and vein under a dissecting microscope. Bipolar
silver electrodes were put under the nerve to record. Mesenteric SNA
was recorded with a power lab system. Mesenteric SNA was record-
ed before and after cutting the proximal side of the mesenteric nerve
for afferent recordings or cutting the distal side of the nerve for effer-
ent recordings. Mesenteric SNA decreased after cutting the proximal
or distal side of the nerve. Efferent mesenteric SNA after cutting the
distal side fluctuated than afferent mesenteric SNA after cutting the
proximal side. These results suggest that the mesenteric nerve includes
both afferent and efferent fibers, indicating that this method may be
useful for recording of afferent and efferent SNA. No COL
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Endogenously and exogenously newborn enteric neu-
rons in the deep tissue of mouse small intestine un-
derwent transection and anastomosis

Goto, Kei'; Kato, Go?, Kawahara, Isao’; Kuniyasu, Hiroki';
Nabekura, Junichi?; Takaki, Miyako'(:Department of Molecular Pathology,

Nara Medical University, Kashihara, Japan, *Department of Developmental
Physiology, National Institute for Physiological Sciences, Okazaki, Japan)

Nonlinear optical microscopy, in particular two photon-excited fluores-
cence microscopy (2PM), can provide deeper optical penetration (sev-
eral hundred um) in ex vivo and in vivo preparations. We have used
this approach and obtained clear three-dimensional imaging of newborn
enteric neurons that were endogenously generated after gut transec-
tion and anastomosis in Thyl-promoter YFP mouse. Neurogenesis has
been promoted by oral application of the 5-HT ,receptor agonist, mo-
sapride citrate (MOS). Most neurons were located within 100 um of
the surface. To clarify the cell source of neurogenesis, mesenchymal
stem cells (MSC) from bone marrows and neural stem cells (NSC)
derived from the hippocampus and subventricular zone were chal-
lenged as candidates. MSC and NSC were cultured with MOS for 4-11
days. Outgrowth of protrusion was facilitated in neurospheres formed
by NSC ex vivo. The NSC transplantation from the tail vein was
performed after treatment with PKH26. One-two weeks later during
when MOS was applied, under a stereomicroscopy nerve cell-like red
fluorescence was visible, but uncertain. 2PM imaging made it possible
to observe exogenously newborn enteric neurons derived from trans-
planted NSC showing red fluorescence among endogenously newborn
enteric neurons (showing green fluorescence) in the deep tissue of
mouse small intestine underwent transection and anastomosis. No COL

Habituation of sudomotor and vasoconstrictor compo-
nents in bursts of skin sympathetic nerve activity
Tsukahara, Reiko'; Kuwahara, Yuko?; lwase, Satoshi2; Shimizu,
Yuuki?; Nishimura, Naoki?('Institute for Developmental Reserach, Aichi

Human Service Center, Kasugai, Aichi, Japan, *Department of Physiology, Aichi
Medical University School of Medicine, Nagakute, Aichi, Japan)

A burst of skin sympathetic nerve activity (SSNA) evoked by a variety
of arousal stimuli usually contains both sudomotor and vasoconstrictor
spikes. The purpose of this study was to explore differences in habit-
uation process between sudomotor and vasoconstrictor components
of SSNA bursts during repeated arousal stimulation. SSNA signals
were recorded by microneurography from the tibial nerve in eight
healthy subjects. Simultaneously, skin sympathetic response (SSR) and
skin blood flow response (SKBR) were monitored on an innervated
area of foot sole. Superficial electrical stimulation of the median nerve
was used to induce arousal response. By referring to occurrence of
SSR and SBFR, each SSNA burst was divided into two segments: a
sudomotor segment and a vasoconstrictor segment. Time average of
SSNA within each segment was calculated as sudomotor SSNA am-
plitude and vasoconstrictor SSNA amplitude. On average, the sudo-
motor SSNA amplitude showed significant reduction throughout 30
stimuli. The vasoconstrictor SSMA amplitude significantly decreased
during the first 10 stimuli, but did not change during the subsequent
20 stimuli. Sympathetic sudomotor and vasoconstrictor drive may be
differently subjected to neural habituation process. No COL

Analysis for pathologic condition of facial hemihyper-
hidrosis

Inukai, Yoko; lwase, Satoshi; Kuwahara, Yuko; Shimizu, Yuuki;
Nishimura, Naoki; Sato, Maki; Sugenoya, Junichi; Sato, Motohiko
(Department of Physiology, Aichi Medical University School of Medicine, Aichi,
Japan)

Facial hemihyperhidrosis may be often compensatory due to the
contralateral anhidrosis, but little is known about the pathophysiolog-
ical mechanism. We explained in detail of 11 of 14 patients with this
symptom about I: Unilateral hyperhidrosis: Cervical disk herniation,
II: Segmental hemihyperhidrosis: II-a: Harlequin syndrome, and II-b:
Probable cause of cervical disk herniation in this 90th meeting. We
express remaining 3 cases of symptomatic segmental hemihyperhidro-
sis this time. We analyzed these patients by defining the total body
sweat distribution patterns using Minor’s starch-iodine test, total skin
temperature distribution using infrared thermography, and local skin
blood flow using laser Doppler flow meter during heating, and imaging
to confirm the lesions. Results: Case 1: The excessive extension of the
left neck: A 63-year-old woman with hyperhidrosis in the right poste-
rior region of neck, and the left axilla since 40 years old and left
Horner syndrome. Case 2: Lung cancer in right upper lobe invading
the dorsal rib: A 44-year-old man with hemihyperhidrosis of the right
hemitrunk and the right back pain. Case 3: Ross syndrome: A 38-year-
old woman with anhidrosis at the right hemiface and the left hemitrunk,
left Adie’s Tonic Pupil, and areflexia, detected regional cardiac sym-
pathetic denervation by MIBG imaging. For elucidation of the patho-
logic condition for introductions of precise treatment, the examination
of sweating distribution for localized diagnoses is essential for facial
hemihyperhidrosis. No COL

Renal afferent fibers regulate body fluid balance
through controlling arginine vasopressin release.
Kitagata, Yuta'; Nagai, Yuko'; Abe, Chikara?; Morita, Hironobu?
("Department of Physiology, Gifu University Graduate School of Medicine, Gifu,

Japan, *Department of Physiology, Gifu University Graduate School of Medicine,
Gifu, Japan)

Although it is well known that the renal nerve includes autonomic and
sensory fibers, property and functions of renal sensory fibers are still
unclear. We hypothesized that the renal afferent nerves may contrib-
ute body fluid homeostasis through controlling renal excretory func-
tions. To examine this, renal afferent nerve activity (RANA), plasma
arginine vasopressin (AVP) concentration, and urine volume were
measured, while intrarenal receptors were selectively stimulated using
double infusion (DI) technique. That is, hyperosmotic NaCl solution
was infused into the renal artery, while hypoosmotic solution was in-
fused into the inferior vena cava, thus total loaded solution was isoos-
motic but the right kidney was stimulated by hyperosmotic solution.
DI induced increases in RANA and plasma AVP concentration, and a
decreased urine volume. These responses were completely abolished
by renal denervation. These data indicate that the renal afferent fibers
might sense changes in ionic concentration or osmolarity, and alter
renal excretory functions, probably through controlling AVP release.
No COL
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Renal afferent nerve activity and blood pressure re-
sponse to intrarenal arterial infusion of ionic solutions
in conscious rats.

Nagai, Yuko'; Kitagata, Yuta'; Abe, Chikara?; Morita, Hironobu?

(*Department of Medicine, Gifu University, *"'-"%, Gifu, Japan, *Department of
Physiology, Gifu University Graduate School of Medicine, Gifu, Japan)

We hypothesized that the kidney senses ionic concentration in plasma
and send this message to the central nervous system via the renal
afferent nerves. To examine this, renal afferent nerve activity (RANA)
was measured in conscious rats, while a small intrarenal arterial infu-
sion of hyperosmotic or isosmotic ionic ssolutions. To exclude the
sympathetic nerve component from the renal nerve record, hexame-
thonium was administered in advance of RANA recording. Intrarenal
arterial infusion was performed via the chronically implanted catheter
into the right suprarenal artery, which allowed us to make a selective
stimulation to the right kidney without causing obstruction of renal
blood flow. The recording electrodes were chronically implanted on
the right renal nerve. Infusion of high concentration solution of NaCl
or KCI (100 uL/min for 1 min) evoked an instant transient increase in
RANA and a rise in arterial pressure, while 0.9% NaCl or 20% glucose
solution did not induce these responses. Administration of losartan
attenuated the hyperosmotic NaCl infusion-induced pressor response
but did not affect RANA. Our results suggest that kidney senses the
elevation of plasma Na', CL, or K* concentrations to activate the affer-
ent nerve, but the concomitantly occurred pressor response are main-
ly mediated via renin-angiotensin-aldosterone system. No COL

Arterial blood pressure response to the metabotropic
excitatory amino acid receptor agonist L-AP4 injected
into the caudal ventrolateral medulla of the rat

Takemoto, Yumi; Tsuruda, Keiko(Institute of Biomedical and Health
Sciences, Hiroshima University, Hiroshima, Japan)

Neurons in the caudal ventrolateral medulla (CVLM) play a pivotal
role in the central control of the cardiovascular system and are sensi-
tive to the sulfur-containing amino acid L-cysteine to produce a de-
pressor response that is abolished by both antagonists for ionotropic
excitatory amino acids iIEAA) NMDA and non-NMDA receptors
(Takemoto 2013). Receptor binding assays using synaptic membrane
(Pullan et al. 1987) suggest strong affinity of L-cysteine for L-2-ami-
no-4-phosphonobutanoate (L-AP4) sensitive receptors. The response
to L-cysteine could be via L-AP4 related metabotropic EAA group IIT
receptors. However, there is no information about arterial blood
pressure (ABP) response to L-AP4 in the CVLM. The present study
therefore examined ABP responses to microinjection of L-AP4 in the
CVLM of urethane-anesthetized rats, identified with a depressor re-
sponse to L-glutamate (34 nl, 10 mM). Microinjections of L-AP4 in the
CVLM dose-dependently decreased ABP. A single prior injection of
an antagonist MK801 (68 nl, 20 mM) alone for NMDA receptors, or
another antagonist CNQX (68 nl, 2 mM) alone for the non-NMDA re-
ceptors abolished the depressor response to L-AP4 (34 nl, 5 mM). The
results indicate that L-AP4 produced the depressor response via both
NMDA and non-NMDA receptors possibly in a serial fashion in the
CVLM of the rat, different from a parallel mode of both receptors in
the depressor response to L-cysteine. No COL

Effect of postural changes and vestibular lesions on
responses of arterial blood pressure to neck flection
in rabbits

Matsuo, Satoshi'; Nakamura, Yosuke? Hosogai, Masae'
(‘Department of Adaptation Physiology, Faculty of Medicine, Tottori University,
?Department of Otolaryngology, Head and Neck Surgery, Faculty of Medicine,
Tottori University)

It has been shown in our previous study that 45-degree head-down
postural rotation (HDR) induces a transient drop of arterial blood
pressure (ABP) in urethane-anesthetized rabbits. We hypothesize that
vestibular organs play a role in the drop of ABP through the suppres-
sion of sympathetic nerve outflows because peak activation of aortic
depressor nerve, an afferent for baroreceptor reflex, occurred later
than the peak suppression of sympathetic nerve. To test this hypoth-
esis, we examined responses of ABP and sympathetic nerve activity
to neck flection (NF) in the prone and lateral position in anesthetized
rabbits with bilateral vagotomy. NF in the prone position induced a
transient decrease of ABP which was greater than that in the lateral
position. The decrease was associated with suppression of renal sym-
pathetic nerve. NF did not affect activity of aortic depressor nerve. In
vestibular-lesioned (VL) animals, NF induced a small drop of ABP,
which was smaller than that in the control rabbits. These results
suggest that not only vestibular organs but also neck afferents could
induce the transient drop of ABP through the suppression of sympa-
thetic nerve. No COL

Reduction of plasma estrogen level affects circadian
rhythms of heart rates and cardiac sympathetic nerve
in female rats

Marui, Shuri'; Matsuda, Mayumi'; Sato, Nobuo';

Nagashima, Kei'23('Body Temperature and Fluid Lab., Fac. Human Sciences,

Waseda Univ., Tokorozawa, Japan, 2IABS, Waseda Univ., *’GCOE Active Life,
Waseda Univ.)

Purpose We aimed to clarify the effect of estradiol (E,) on heart rates
(HR) and arterial pressure (AP), and mechanisms. Methods Female
Wistar rats (n=9, age of 7-9 wk) were bilaterally ovariectomized, and
placed a radio transmitter for HR and AP measurements in the ab-
dominal cavity. Two silicon tubes containing E, were s.c. placed in one
group (n=4, E, (+)), and empty tubes for the other (n=5, E,(-)). The tubes
were removed 10 days after the surgery (Day 0). On Day 7 or 21, rats
were killed. The left ventricle of heart was taken, and protein contents
of B, and f,-adrenoreceptors (AR) was determined by Western blotting.
Results On Day 0, HR was greater (P<0.05) in the E,(-) than that in
the E,(+) group (388+15 and 337+13 beats/min (bpm) in the light phase;
and 450%12 and 390=12 bpm in the dark phase, respectively). On Day
14, HR in the E,(+) group increased (37715 bpm in the light phase;
and 431%=14 bpm in the dark phase). On Day 21, HR became lower
(P<0.05) in the Ey(-) group (330+17 bpm in the light phase; and 388+20
bpm in the dark phase). Mean AP was not different between the two
groups on each day. Both f,-AR and plasma noradrenaline were
greater (P<0.05) in the E,(-) than E,(+) group, on Day 0. On Day 7, both
B-AR and plasma noradrenaline decreased, however on Day 21,
plasma noradrenaline became higher again. Conclusion A reduction
of plasma estrogen level may affect HR, which is resulted from great-
er sympathetic activity and §,-AR expression in the heart. No COL
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Aging and plasma total homo-cysteine enhance the
response of sympathetic nerve function to cold load-
ing

Nakajo, Keisuke'; Matsumoto, Naoki'; Minamisawa, Susumuz;

Toshima, Hiroko?('Medical school student, Jikei University School of Medicine,
Tokyo, Japan, *Cell Physiology, Jikei University School of Medicine, Tokyo, Japan)

Purpose: Cold loading is a risk factor of cardio-cerebrovascular diseas-
es (CVD), although it does not influence healthy people. We studied
the modification factor of a cold pressor test.

Method: We evaluated the sympathetic-nerve function in response to
cold loading or control testing by keeping a plastic cup filled with ice
cold water (surface temperature; 5.5°C) or a cup with corrugated paper
sleeve (15°C), respectively. We measured heart rate variability, plasma
catecholamine concentration, and total homo-cysteine (t-HC): a well-
known risk factor of CVD.

Result: (1) The elder group (n=10, 49+5 years) showed higher LE/HF
ratio than the younger group (n=11, 22%2 years) in control (5.92.5 vs.
3.2£25, p=0.02) and cold loading study, (84%34 vs. 3.2+2.5, p=0.04).(2)
When the subjects were divided into the high t-HC group (n=3,
21.2=11.5nmol/mL) (normal range<13.5 nmol/mL) and normal t-HC
group (n=7, 10.0+£2.1 nmol/mL), LF/HF ratio and plasma epinephrine
concentration in response to cold loading were higher in the high t-HC
group than in the normal t-HC group (LF/HF: 10.1+4.8 vs. 7.9+3.1,
p=0.41; plasma epinephrine: 863449 vs. 436+143 pg/m, p=0.042, re-
spectively).

Conclusion: The response of the sympathetic nerve function to cold
loading was more sensitive in the elder and high t-HC groups, sug-
gesting that their endothelial function is impaired and raises a risk of
CVD. No COL

GLP-1 inhibits reflex swallowing via the dorsal medul-
la in the rat.
Mizutani, Satoshi; Kobashi, Motoi; Fujita, Masako;

Mitoh, Yoshihiro; Matsuo, Ryuji(Dept. Oral Physiol. Grad. Sch. Med. Dent.
Pharma. Okayama Univ. Okayama, Japan)

Our previous study revealed that appetite-enhancing peptide orexin-A
inhibited reflex swallowing via orexin-1 receptors situated in the
dorsal vagal complex (DVC). Glucagon-like peptide-1 (GLP-1), which is
an incretin hormone secreted from the intestine, suppresses food intake.
It is not much clarified how appetite-suppressing peptides acts on
reflex swallowing. In the present study, we examined the effect of
GLP-1 on reflex swallowing using anaesthetized rats to clarify how
appetite-suppressing peptides acts on reflex swallowing. Swallowing
was induced by the electrical stimulation (20 Hz, 20 sec) of the central
cut end of the superior laryngeal nerve and was identified by the
electromyogram lead penetrated the mylohyoide muscle through bi-
polar electrodes. GLP-1 was injected into one of the medial DVC or
the lateral DVC. The microinjection of GLP-1 but not vehicle into the
medial DVC significantly decreased swallowing frequency. The mi-
croinjection of GLP-1 into the lateral DVC did not change swallowing
frequency. Preinjection of GLP-1 receptor antagonist into the medial
DVC disrupted the inhibitory response induced by the microinjection
of GLP-1. These results suggest that GLP-1 inhibits reflex swallowing
via GLP-1 receptor situated in the medial DVC. No COL

The effect of playing a stringed-instrument ensemble
on autonomic nerve function

Ichihara, Kosuke'; Matsumoto, Naoki'; Tomita, Itsuka’;
Minamisawa, Susumu?; Toshima, Hiroko?(*Medical school student, Jikei

University School of Medicine, Tokyo, Japan, *Cell Physiology, Jikei University
School of Medicine, Tokyo, Japan)

Purpose: It is well known that music has good influence on health.
However, the mechanism of how music affects physiological function
is not understood clearly. Therefore, we studied the effect of playing
stringed-instrument ensemble on autonomic nerve function.

Method: Subjects are nine undergraduate (UG) (20.8=1.0years) and
seven graduate students (GS) (25.5+1.9 years) at a music college. Their
speciality is stringed-instrument: violins (n=4), violas (4), cellos (3), and
contrabass (1). While they played the string quartet of Mozart (Eine
kleine Nachtmusik and Divertimento), their ECG and spirogram were
recorded by using LS-300 (Fukuda,Japan). We calculated heart rate
viability (HF and LF/HF) by frequency analysis of R-R interval of ECG.
Result: The heart rate (HR) and respiratory rate (RR) at rest were not
different between UG and GS (HR: 75+10 vs. 74%=4/min) and (RR: 17+2
vs. 15+4/min). The GS’s HR, RR, and HF showed the periodicity fluc-
tuation at the time of play (average HR; 86+6/min, RR; 26%3/min, HF;
149+154mS? and rest (73%4, 14+2, 683+392). The periodicity fluctuation
of HR and RR was not observed in the US.

Conclusion: The present study demonstrated that respiratory rhythm
under playing stringed-instruments synchronized HR in the advanced
players, but not in undergraduate students. Since respiration can be
adjusted in voluntary, it was suggested that circulation rhythm might
be able to adjust in semi-voluntary by RR. No COL

Relationship between RR interval variability with gal-
vanic vestibular stimulation and changes in arterial
pressure upon head-up tilt

Tanaka, Kunihiko; Itoh, Yamato; Ikeda, Mayumi; Katafuchi, Tetsuro

(Department of Radiological Technology, Gifu University of Medical Science, Gifu,
Japan)

R-R interval variability (RRIV) during supine position without and with
galvanic vestibular stimulation (GVS), changes in mean arterial pressure
(MAP) at the onset of 60° head-up tilt (HUT) without GVS, and their
relationship were analyzed in 25 healthy young subjects. MAP in-
creased or decreased less than 5 mmHg upon HUT in 12 subjects (UP),
but MAP decreased more than 5 mmHg in 13 subjects (DOWN). Ap-
plying sinusoidal GVS of 2 mA at the random frequency between 0.2
and 10 Hz did not change mean R-R intervals and MAP. However,
high frequency component (HF) of RRIV increased in both UP and
DOWN groups. The increase in DOWN group was larger than that in
UP group. Ratio of low frequency component to HF (L/H) increased
in UP group with GVS, but did not reach significant level in DOWN
group. The changes in HF with GVS were significantly correlated with
changes in MAP at the onset of HUT, i.e., the subjects who had larger
increase in HF with GVS showed larger decrease in MAP. Thus, GVS
or input for the vestibular system during HUT possibly activates
vagal nerves, and the dominance of excitation in sympathetic or vagal
during vestibular stimulation is important for controlling MAP at the
onset of HUT. No COL
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Monitoring autonomic nerve activity using time-fre-
quency analysis: A study of time shift width

Tsutsui, Hiroshi; Ebina, Koudai; Niizeki, Kyuichi; Saitoh, Tadashi
(Department of Bio-Systems Engineering, Yamagata University, Yonezawa, Japan)

Previous studies suggest that autonomic nerve activity can be evalu-
ated by power spectrum analysis of heart rate variability. In these
studies, the analysis was performed for a set of data only during
certain defined conditions. Therefore, this study aimed to investigate
whether power spectrum analysis for data sets with a short time shift
width can be used to evaluate autonomic nerve activity indexes, under
any given condition. After a 2-min resting period, 10 healthy male
volunteers performed a mental arithmetic task (MAT; addition or
multiplication in 64 squares), followed by another 2-min resting period.
Electrocardiograph (ECG) monitoring, at 1 kHz, was performed through-
out the experiment; R-R interval (RRI) data were calculated from the
ECG data. Thereafter, 60-s RRI data sets were extracted from the start
to the end of the experiment. The starting point of the data sets was
set at 10-s intervals, regardless of the participants’ status. Alternative-
ly, the starting point was set at 60-s intervals during both resting
periods and during the MAT. Time-frequency analyses were performed
for the RRI data sets, from which the powers of the low frequency
(LF, 0.04-0.15 Hz) and high frequency (HF, 0.15-0.4 Hz) components
were calculated. More detailed changes in powers of the LF/HF and
HF components could be observed in data sets with a shorter time
shift width. Therefore, it is possible that power spectrum analysis can
allow for real-time monitoring of the dynamics of autonomic nerve
activity regardless of the operating conditions. No COL

Blocking effect of peripheral adrenoceptors on the de-
fensive cardiovascular reaction in the frog
Ohashi, Hiroki; Horiuchi, Takatoshi; Nagaoka, Yuya;

ohmura, Ayano; Horiuchi, Jouji(Department of Biomedical Engineering, Toyo
University, Saitama, Japan)

In mammals, stressors evoke a typical cardiovascular response. This
cardiovascular response to the stressors is mediated by the sympa-
thetic nervous system. The sympathetic response to the stress is
mainly mediated via the hypothalamic areas, especially in the dorso-
medial nucleus. However, the defensive hypothalamic area in the frog
is not well-evolved compare to that in mammals. The frog has the
midbrain where is also recognized as a defense area and is a more
primitive part of the brain. In the present study, we examined wheth-
er the frog (Rana catesbeiana) shows the cardiovascular defensive re-
action exposed to mechanical and environmental stressors (pinprick,
pinching and 10% NaCl solution) and, if it has, the cardiovascular re-
sponse to the stress is neurogenic or not. Blood pressure (BP) and heart
rate (HR) were measured through a branch of abdominal artery in
conscious frogs. Two types of adrenoceptor antagonists were intrave-
nously injected, (an a, receptor antagonist, prazosin (0.3mg/kg) and a
B, antagonist, atenorol (10mg/kg)). The all stressors caused decent
pressor and tachycardic responses in the animals. Bolus injections of
both prazosin and atenolol significantly inhibited the pressor and
tachycardic responses evoked by the stressors. These results suggest
that the mechanical and environmental stressors caused typical defen-
sive cardiovascular response similar to mammals and the cardiovas-
cular responses to the stressors are mediated via the sympathetic
adrenoceptors in the heart and the blood vessels. No COI.

Abnormal bradycardia response to fear in rats with
heart failure

Koba, Satoshi'; Hisatome, Ichiro?, Watanabe, Tatsuo'('Division of
Integrative Physiology, Tottori University Faculty of Medicine, Yonago, Japan,

*Division of Regenerative Medicine and Therapeutics, Tottori University Graduate
School of Medical Science, Yonago, Japan)

The present study examined autonomic responses to fear in conscious
rats with heart failure (HF) after myocardial infarction and central
neural mechanisms for the responses. Rats exposed to 5-min white
noise sound (90 dB) displayed freezing behavior (an index of fear),
renal sympathoexcitation, and bradycardia. The bradycardia was
parasympathetically mediated since atropine injected intravenously
prevented the response in normal rats (N5). In HF rats (N7, fractional
shortening<35%), the bradycardia response to fear was significantly
(P<0.05) larger than that in normal rats (N9). Of note, in HF rats, ar-
rhythmia appeared in association with the reduction in heart rate seen
during fear. Moreover, in normal rats (N7), microinjection into the
lateral/ventrolateral periaqueductal gray (I/vIPAG) of muscimol, a
GABAA receptor agonist, significantly suppressed the bradycardia
response to fear. Lastly, in HF rats (N6), microinjection into the I/vIPAG
of Tempol, a superoxide dismutase mimetic, significantly suppressed
the bradycardia response to fear. Taken together, these results suggest
that fear stimulates the 1/vIPAG and parasympathetically causes
bradycardia in rats, and that brain oxidative stress in HF leads to
dysfunction of the 1/vIPAG, thereby exaggerating parasympathetic
effects on heart rate and elevating risks for cardiovascular events
during fear. No COL

Stimulation of skin osmoreceptor evokes a cardiovas-
cular defensive reaction in the frog
Mori, Rintaro; Sato, Fumitaka; Taguchi, Isamu; Ishihara, Jun;

Takahashi, Tomoyuki; Horiuchi, Jouji(Department of Biomedical
Engineering, Toyo University, Saitama, Japan)

It has been suggested that the frog skin has a various functions like
a kidney (osmoreceptor), a tongue (a chemical sensor of taste buds) or
a lung. External environmental condition, especially osmolality can be
crucial for the frog, so that almost of all frogs live in a fresh water
environment. Thus, change in the external osmolality must be stress-
ful situation in the frog and the osmotic condition may evoke a defen-
sive reaction, which is the cause of stress response. In the present
study, we examined the cardiovascular defensive reaction exposed to
environmental stressors (NaCl and sucrose solutions) in the frog (Rana
catesbeiana). Blood pressure (BP) and heart rate (HR) were measured
through a branch of abdominal artery in conscious frogs. A frog saline
(0.65% NaCl solution) with 2cm? absorbent cotton on the back did not
change of BP and HR. However, 5, 10 and 15% of NaCl solutions with
the absorbent cotton elicited dose-dependent increases in BP and HR.
These increases were blocked after the treatment of local anesthetic
agent (2% lidocaine) on the back skin. In contrast, isotonic sucrose
solutions (50, 108, 163%) compared with NaCl solutions (5, 10, 15%, re-
spectively) did not evoke any changes in BP and HR. These results
suggest that the frog skin has a sensor for change in osmolality caused
by electrolyte and that the change in osmolality evokes a cardiovas-
cular defensive reaction in the frog. No COL
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Changed response to microstimulation of the senso-
rimotor cortex in developmental white matter injury
model rat.

Ueda, Yoshitomo; Misumi, Sachiyo; Ishida, Akimasa;

Shimizu, Yuko; Jung, Cha-Gyun; Hida, Hideki(Dept of Neurophysiol &
Brain Sci, Nagoya City Univ Grag Sch Med Sci, Nagoya, Japan.)

Developing white matter injury (DWMI) caused by hypoxia-ischemia
(HI) is associated with permanent neurodevelopmental disabilities such
as paralysis and cognitive dysfunction in preterm infants. We made
DWMI model rat made by right common carotid artery occlusion
followed by 6% oxygen for 1h in P3 Wistar rat. Our model rat showed
that the arrested progression to mature oligodendrocyte (OL) with
minor neuronal damage. To investigate motor deficits after HI, we
performed the behavioral tests; motor deficit score (MDS), rotarod,
grip test, horizontal ladder test, and gait analysis. MDS and retention
time of the rotarod were reduced in the DWMI rats compared with
sham group. However, no significant difference was observed in grip
test, horizontal ladder test, and gait analysis. We then investigated the
response to stimulus by intracortical microstimulation (ICMS). Under
anesthesia, when bipolar pulses (0.2 ms, 0-200 pA, 333 Hz) were given
into the layer V sensorimotor cortex using a tungsten electrode, we
can detect the evoked twitches in contralateral lower leg joints, which
can make the brain map of responses. The response map results indi-
cated that hip representative area was larger in sham group rather
than that of PWMI group. Moreover, the altered areas in PWMI
model are contributed to evoke the twitches of the other joints. The
data suggests that motor coordination rather than primary motor
function is impaired in our model, and that sensorimotor cortex is
reorganized in neonatal HL. No COL

Arrested progression to mature oligodendrocytes with
minor neuronal damage in developing white matter in-
jury model rat

Misumi, Sachiyo; Ueda, Yoshitomo; Shimizu, Yuko;

Ishida, Akimasa; Jung, Cha-Gyun; Hida, Hideki(Dept of Neurophysiol &
Brain Sci, Nagoya City Univ Grad Sch Med Sci, Nagoya, Japan)

Developing white matter injury (DWMI) caused by hypoxia-ischemia
(HI) is associated with permanent neurodevelopmental disabilities in
preterm infants. In addition to selective loss of oligodendrocyte pro-
genitor cells (OPC), arrested progression to mature oligodendrocytes
(OL) and disturbance of myelination are reported as a cause of patho-
logical change in DWMI. To analysis neuropathological changes in
DWMI model rat, made by right common carotid artery occlusion
followed by 6% hypoxia for 1 hour, we investigated the pattern of
cellular degeneration, counted the number of OL lineage cells and
checked neuronal injury after the damage. Active caspase-3 positive
cells were detected in both the white matter (WM) and the sensory-
motor cortex within 24 hours after HI. Fluoro-Jade B positive cells
were distributed in the deep cortex layer. However, active-caspase3/
NeuN double-positive apoptotic neurons were not detected in the
cortex. Detection of OL lineage markers revealed that NG2 positive
cells increased in the ipsilateral WM (137.2 = 6.0 % of contralateral
WM, n=4) at 2 day after HI and PDGFRa positive cells increased (108.9
+ 2.74 %, n=4) at 7 day after HI. However, mature OL of APC-positive
decreased by 84 + 245 % (n=4) at 6 month later. Data suggest that
arrested OL lineage progression occur in neonatal HI injury with ac-
companied by minor neuronal damage. No COL

Projection pattern of the corticospinal tract, its forma-
tion and cervico-lumbar variance

Kameda, Hiroshi'; Kamiyama, Tsutomu'; Murabe, Naoyuki';
Fukuda, Satoshi'; Yoshioka, Noboru'; Mizukami, Hiroaki?;

Ozawa, Keiya?, Sakurai, Masaki' ('Department of Physiology, Teikyo
University School of Medicine, Tokyo, Japan, *Division of Genetic Therapeutics,
Center for Molecular Medicine, Jichi Medical University, Tochigi, Japan)

The corticospinal (CS) tract is essential for voluntary movement. De-
spite numerous studies, what we know about CS tract organization
and development remains limited. To reveal total cortical areas inner-
vating a single spinal segment of C7 which controls the forelimb
movements, we injected a retrograde tracer into C7 so that they spread
to the unilateral gray matter as widely as possible, but not to the
ventralmost dorsal column (CS tract). We found that in both infants
and adult mice, neurons distributed over an unexpectedly broad area
of the rostral two-thirds of the cerebral cortex converge to this segment.
Moreover, the cortical areas innervating C7 include areas controlling
the hindlimbs (L4). However, with aging from the infant to the adult
cell densities greatly declined, mainly due to axon branch elimination.
Whole cell recordings from spinal cord cells with optogenetic selective
stimulation of CS axons and a cotransfection-expression system that
enabled labeling of axons and presynaptic structures showed that the
exuberant CS axons make synaptic connections with spinal cells in
infants. This suggests neuronal circuits involved in CS tract to C7 are
largely reorganized during development. In contrast, the cortical areas
innervating L4 were limited to the conventional hindlimb area, and
the cell distribution and density did not change during development.
No COL
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Development and characterization of a monkey model
of internal capsular stroke

Murata, Yumi; Higo, Noriyuki(Human Technology Research Institute, AIST,
Tsukuba, Japan)

We have investigated the mechanisms of functional recovery using a
monkey model of cortical lesion, in which a focal lesion is induced in
the primary motor cortex (M1). In the present study, as the first step
to understand functional recovery mechanisms in a clinically more
relevant model, we made a focal lesion in the internal capsule, an area
susceptible to stroke. An anatomical MRI scan was performed on
Japanese monkeys to identify the part of the internal capsule in which
descending motor tracts from the hand digit area of M1 pass though.
Endthelin-1, a vasoconstrictor peptide, was then injected into the
identified part of the inner capsule (1.5 uL/ng; 15 tracks, 120 ul). The
lesion was evaluated using a T2-weighted anatomical MRI scan after
injection; the areas of increased T2 signal were observed around the
injected area from 3 days to 1 week, then they gradually disappeared
within 1 month after lesion. Motor deficit occurred in the contralesion-
al upper limb, as was shown by a decrease in the success rate of a
small-object retrieval task, in which monkeys retrieve a small food
morsel from a narrow tube. Recovery of gross movements such as
reach and power grip occurred during the first week after lesion, while
little recovery of dexterous movements including precision grip was
observed even at 1 month after lesion. The result is in contrast to that
observed in our M1-lesion model, in which drastic recovery of dexter-
ous movements was observed during the first month, suggesting that
the compensatory mechanism after internal capsule stroke is different
from that after cortical lesion. No COL

Neuronal activity in supplementary motor area of an
unrestrained Japanese monkey walking on a treadmill
Nakajima, Katsumi'; Mori, Futoshi?; Murata, Akira’;

Inase, Masahiko' ('Dept. Physiol., Facult. Med., Kinki Univ., Osaka, Japan,
Lab. Vet. Sys. Sci., Joint Facult. Vet Med., Yamaguchi Univ., Yamaguchi, Japan)

To further understand cortical mechanisms for controlling bipedal (Bp)
gait in humans, we recorded neuronal activity in supplementary motor
area (SMA) of an unrestrained monkey walking either quadrupedally
or bipedally on a treadmill. EMG activity was also recorded from trunk
and limb muscles. We found that, during quadrupedal (Qp) locomotion,
many neurons in trunk/hind-limb regions of SMA modulated their
discharge tonically and/or phasically along with the step cycle, while
some did not. When the monkey converted its locomotor pattern from
Qp to Bp, majority of these (task-related) neurons substantially in-
creased and maintained their discharge frequency tonically with or
without enhanced phasic component. Among the rest of recorded (non
task-related) neurons, some displayed burst activity closely related to
turning movements of head toward the left or right, which was super-
imposed on the on-going locomotor movements. Meanwhile, activity
of trunk and hind-limb muscles during Qp locomotion displayed discrete
bursts without tonic activity in each step. During Bp locomotion, the
EMG burst was drastically enhanced in all these muscles. Particularly,
the trunk muscles displayed substantial tonic activity in addition to
the enhanced burst. These results suggest that, during locomotion,
monkey SMA contributes to the control of maintaining upright posture
so as to accommodate movements of head, trunk and limbs, and may
provide insight into the basis of frontal gait disorders in humans. No
COL

Intermittent Grasping a High Repulsion Cushion Grip
Increases Skin Temperature and Muscle Activity of
Hand, Arm and Face as well as Blood Flow in the
Prefrontal Cortex

Nishino, Hitoo'; Jung, Cha-Gyun'; Hida, Hideki'; Shiraki, Motoyuki?;
Yamauchi, Masateru3; Sakakibara, Kazumasa%;

Urakawa, Susumus®; Nishijo, Hisao®('Dept. of Neurophysiology and Brain
Science, Nagoya City Univ., Nagoya, Japan, *Whitesuns, Nagoya, Japan, *CCRC
Japan, Nagoya, Japan, *Sunbarden, Chita, Japan, “Toyama Univ., Toyama, Japan)

Cerebral stroke often induces contracture of hand, rigidity, expression-
less and speech disturbance. Continuous improper (flexion dominant)
afferent stimuli from contracted hand disturb the normal sensorimotor
neural network in the spinal cord and brain, and would disturb an
appropriate environment for motor output. A high repulsion cushion
grip designed by us has a strong repulsive power, thus the stronger
it was grasped, the stronger repulsive power was induced. The con-
tinuous grasping the grip promoted a prompt recovery from hand
contracture after stroke. In this report we investigated the effect of
hand movement (intermittent grasp and release of the grip) on tem-
perature and muscle activity of hand, arm and face as well as on ce-
rebral blood flow. Skin temperature of hand, arm, neck and face mea-
sured by thermograph increased within minutes. Muscle activities in
flexor and extensor of arm, masseter as well as perioral muscle in-
creased. The cerebral blood flow especially in prefrontal cortex was
increased. Data indicated that intermittent hand movement increased
the activities in not only hand and arm but also those of neck and face
as well as the brain. These results would be the base of the effect of
repulsion grip for prompt recovery from aftereffects of stroke. No COL

Rewiring of subcortical projections from ventral pre-
motor cortex after primary motor cortex lesion in ma-
cague monkeys

Yamamoto, Tatsuya'?23; Hayashi, Takuya®; Murata, Yumi?;

Onoe, Hirotaka®; Higo, Noriyuki2®('Fac Med & Health Sci, Tsukuba Int
Univ, Tsuchiura, Japan, *Human Tech Res Inst, AIST, Tsukuba, Japan, ’JSPS
Research Fellow, Tokyo, Japan, “Func Architechture Imag, RIKEN Ctr Life Sci Tech

Unit, Kobe, Japan, *Imaging Function Group, RIKEN Ctr Life Sci Tech Unit, Kobe,
Japan, °PRESTO, JST, Kawaguchi, Japan)

Neuromotor systems have a capacity to recover motor function fol-
lowing the local damage. We previously reported that the ipsilesional
ventral premotor cortex (ip-PMv) was activated during functional re-
covery of hand movements in the primary motor cortex (M1) lesioned
animals. In the present study, we studied the subcortical connections
of ip-PMv in the Ml-lesioned monkeys after motor recovery in com-
parison with those in the intact animals, by using biotinylated dextran
amine (BDA). A remarkable difference between the lesioned and intact
monkeys was observed in the deep cerebellar nuclei, especially in the
ipsilesional fastigial nucleus (ip-FN): the BDA-labeled terminals were
observed in all of the three Ml-lesioned animals, but not in either of
two intact animals. The labeled terminals were mainly located in the
caudal and medium part of ip-FN, known to contain fastigiospinal
neurons. These results suggest that the newly-formed projection from
ip-PMv to ip-FN is involved in functional compensation after M1 lesion.
No COL
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The property of la excitation and recurrent inhibition
of abdominal motoneurons in the cat

Niwa, Masatoshi'; Sasaki, Sei-Ichi2('Department of Occupational Therapy,
Faculty of Health Sciences, Kyorin University, Tokyo, Japan, *Center for Medical
Sciences, Ibaraki Prefectural University of Health Sciences, Ibaraki, Japan)

Abdominal muscles have divergent functions such as respiration,
postural control, vomiting and innervated from T6-T13 and from L1-L3
in cats. The present experiments were undertaken to investigate how
reflex actions exerted on the motoneurons work and whether recurrent
inhibitory pathways are present in cat abdominal motoneurons.Intra-
cellular recordings were made from external oblique (EO), internal
oblique (IO), transversus abdominis (TA) and rectus abdominis (RA)
motoneurons in L1-L2 on cats anesthetized with sodium pentobarbital.
1)Dorsal roots were intact and muscle nerves electrically stimulated
to activate Ia afferents. Ia-EPSPs elicited were found in almost all
motoneurones following the stimulation of the homogeneous nerve.
They are responsible for the monosynaptic EPSP of motoneurones of
their muscles, although these values are longer than those values of
the hind limb and the intercostals muscles. 2)Dorsal roots were sec-
tioned and muscle nerves were electrically stimulated to activate
motor axons. Recurrent IPSPs elicited were found in some EO moto-
neurons following the stimulation of EO nerves with an intensity
subthreshold activation for axon of the impaled motoneuron. The
present results provide evidence of Ia excitation and recurrent inhibi-
tion of abdominal motor nucleus. These neuronal circuits might be
related to the control of abdominal muscles during various motor ac-
tivities. No COL

Neuronal activity in the motor thalamus of dopa-
mine-intact and Parkinsonian rats

Nakamura, Kouichi C.'; Sharott, Andrew?; Mallet, Nicolas?;

Magill, Peter J.2('Dpet Morphological Brain Science, Grad Sch Med, Kyoto

Univ, Kyoto, Japan, “MRC Anatomical Neuropharmacology Unit, University of
Oxford, Oxford, United Kingdomn)

Movement difficulties of Parkinson’s disease are often associated with
the emergence of abnormal beta (13-30 Hz) oscillations in cortex and
basal ganglia. The motor thalamus, which mediates the influences of
basal ganglia on cortical information processing, is parcellated into two
major zones according to their subcortical inputs; the basal ganglia-re-
cipient zone (BZ) and cerebellar-recipient zone (CZ) are bombarded by
inhibitory GABAergic inputs from basal ganglia and excitatory gluta-
matergic inputs from cerebellar nuclei, respectively. To address the
key issue of how the activities of neurons in the motor thalamus are
disturbed in Parkinsonism, we recorded the spontaneous firing of
identified BZ and CZ neurons under anesthesia in dopamine-intact rats
as well as Parkinsonian rats with unilateral 6-hydroxydopamine (6-
OHDA) lesions. In the Parkinsonian rats, we found no evidence of
pathologically-reduced firing rates in either zone of motor thalamus,
contrary to classic models. However, after dopamine loss, the tight
coupling of firing of BZ neurons to cortical slow (~1 Hz) oscillations
was phase-shifted by ~100 °. During cortical activation, many BZ
neurons, but not CZ neurons, exhibited pronounced beta oscillations,
which were not seen in dopamine-intact rats. We conclude that the
thalamocortical substrates of Parkinsonian movement difficulties are
more closely related to abnormal firing patterns, as exemplified by
excessive beta oscillations, than altered firing rates. No COL

NR2B antagonist ifenprodil improves abnormal fore-
limb movement induced by D1 agonist SKF38393 in
hemi-parkinsonian rat

Habata, Toshiya'; Igarashi, Masakazu?; Akita, Hisanao';

Ogata, Masanori'; Noda, Kazuko'; Saiji, Makoto' ('Dept. Physiol., Sch.

Allied Health. Sci., Kitasato Univ., Kanagawa, Japan, *Grad. Sch. Med. Sci.,
Kitasato Univ., Japan)

For the last decade, the antiparkinsonian action of NR2B selective
NMDA receptor antagonist has been studied. However, the ameliora-
tive effect of NR2B antagonist on motor symptoms in animal model of
parkinson’s disease (PD) or patients with PD is still controversial.
Recently we have found that single application of NR2B antagonist
ifenprodil demonstrates no anti-parkinsonian effect in hemi-parkinsonian
rats (hemi-PD), while co-application of ifenprodil and L-DOPA improves
the L-DOPA-induced abnormal forelimb movement in hemi-PD. In this
study, to test whether the ameliorative effect of NR2B antagonist on
the L-DOPA-induced motor abnormality in hemi-PD is resulted from
cooperative action of NR2B antagonist with dopamine D1 receptor
agonist to motor system, we investigate the effect of co-application of
NR2B antagonist ifenprodil and D1 agonist SKF38393 on the abnormal
forelimb movement induced by SKF38393 in hemi-PD by using behav-
ioral test. We performed the cylinder test to estimate forelimb use as
motor activity after single administration of SKF38393 or co-adminis-
tration of ifenprodil and SKF38393. As a result, the co-administration
of ifenprodil and SKF38393 completely reversed the dyskinesia-like
motor abnormality induced by SKF38393. From this result, we suggest
that ifenprodil improves the L-DOPA-induced abnormal forelimb move-
ment in hemi-PD through its cooperative action with D1 agonist to
motor system. No COL

Stabilometry test in stroke patients during optokinetic
stimulation.

Komagata, Junya'; Watanabe, Shiori2, Suzuki, Yutakas3;

Kitama, Toshihiro3('Department of Physical Therapy, Health Science
University, Yamanashi, Japan, *Department of Physical Therapy, Yumura Onsen
Hospital, Yamanashi, Japan, *Center for Life Science Research, University of
Yamanashi, Yamanashi, Japan)

The postural stability of stroke patients with hemiplegia was studied
by using a stabilometric platform with optokinetic stimulation. Four
patients who could maintain a sitting posture without assistance were
recruited. The patients were asked to sit quietly on a force platform
fixed on a stool in a dim room. For optokinetic stimulation, a pattern
of random dots, projected onto a screen placed 100 cm in front of the
subjects, was moved continuously in horizontal, vertical, or torsional
directions with a velocity of 20 deg/s. As a control condition, the same
pattern without any movement was presented. In each condition, sway
path (SP) and the center of pressure (CoP) position along the ante-
ro-posterior (x) and medio-lateral (y) axes were examined. No significant
differences were found in the SP values in any stimulus direction when
compared with control data. However, the CoP position along the
x-axis tended to shift to the paralytic side during horizontal or torsion-
al optokinetic stimulation with paralytic direction, while no clear shift
was observed during stimulation with nonparalytic direction. In con-
trast, the CoP position along the y-axis did not show clear change with
any of the directions. These results suggest that the CoP shift induced
by optokinetic stimulations can be used as a model for the recovery
of deviations in the CoP observed in patients with hemiparesis. No
COL
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Characteristics of Dynamic Postural Adjustments
during floor inclination using Posturography Tech-
nique in Rats

Sasaki, Takeshi'4; Nagamine, Takashi?, Matsuyama, Kiyoji®4(*Dept.
of Physical Therapy, Sch. of Health Sci., Sapporo Med. Univ., Sapporo, Japan,
’Dept. of Systems Neurosci., Sch. of Med., Sapporo Med. Univ., Sapporo, Japan,
*Dept. of Occupational Therapy, Sch. of Health Sci., Sapporo Med. Univ., Sapporo,
Japan, *Graduate Sch. of Health Sci., Sapporo Med Univ., Sapporo, Japan)

In order to understand characteristics of dynamic postural control of
animals, it is important to precisely measure changes of their center
of pressure (COP) in response to postural disturbances. In this study,
we aimed to examine the properties of dynamic postural adjustment
in rats. We measured the COP during floor inclination in the right-left
directions at angle from 0 to 30 degrees and at angle velocities of 1.8,
5, 10, 15 deg/sec using a novel posturography technique that we de-
veloped. We further measured EMG activities of extensor muscles of
fore- and hind-limbs in some animals. The results that we obtained
were as follows: 1) during floor inclination at angle from 0 to 30 degrees
in right-left directions, two successive dynamic COP changes were
commonly observed across animals, 2) regardless of inclination veloc-
ities, the inclination angles that dynamic COP changes occurred were
at around 8 and 13 degrees, 3) during floor inclination, animals showed
tonic EMG activities of extensor muscles, and further exhibited phasic
EMG activities corresponding to these dynamic COP changes. From
these results, dynamic COP changes together with phasic EMG activ-
ities are thought to correspond to compensatory postural adjustments
that take place in response to postural disturbances. No COI

Thalamo-cortical inputs to the motor cortex during a
self-initiated motor task

Tanaka, Yasuyo H'3; Tanaka, Yasuhiro R'3; Wake, Hiroaki';
Masamizu, Yoshito'3; Kawaguchi, Yasuo23; Matsuzaki, Masanori'-3
("Division of Brain Circuits, National Institute for Basic Biology, Okazaki, Japan,

“Division of Cerebral Circuitry, National Institute for Physiological Sciences,
Okazaki, Japan, *|]ST, CREST, Saitama, Japan)

Thalamo-cortical (TC) pathways drive information processing in the
cerebral cortex. In the primary motor cortex (M1), TC inputs into
layer 1 (L1) are thought to carry basal ganglia information. However,
it remains unknown how the activity of L1 TC projections in M1 is
related to the execution of a voluntary movement. To address this
issue, we conducted two-photon imaging and optogenetic stimulation
in M1 while mice performed a self-initiated lever-pull task (Hira et al.,
2013). We injected adeno-associated virus that encoded GCaMP6 into
the thalamus, and then, performed two-photon calcium imaging of
GCaMP6-expressing TC axons in M1 during the task performance.
The activity of L1 TC axons was higher during the lever-pull period
than during other periods. Next, we perturbed the activity of Chan-
nelrhodopsin-2-expressing L1 TC axons during the task performance
by blue-light illumination on the cortical surface of M1. We found that
the task performance got worse during the photostimulation period.
We also found that L1 TC axons innervated the apical dendritic tufts
of L5 corticospinal neurons. The results suggest that L1 TC axons
send a critical signal directly to L5 corticospinal neurons to execute
the lever pull. We are currently examining the temporal correlation
between L1 TC axonal activity and the dendritic activity of cortico-
spinal neurons during the lever-pull task. No COL

Purkinje cell activity in the cat cerebellar uvula during
optokinetic stimulation
Kitama, Toshihiro'; Komagata, Junya?2('Center for Life Science Research,

University of Yamanashi, Yamanashi, Japan, “Department of Physical Therapy,
Health Science University, Yamanashi, Japan)

We have been studying the response pattern of Purkinje cells (P-cells)
in the cerebellar nodulus and uvula during sinusoidal head rotation in
vertical plane in awake cats. The present study examined the complex
spike (CS) and simple spike (SS) during optokinetic stimuli of the P-cells
in the uvula. For visual-pattern rotation, a random dot pattern was
presented on the monitor that was placed in front of the animal. The
random-dot pattern was rotated sinusoidally in horizontal, vertical, or
torsional plane under control by a computer. The stimulus parameter
of at a frequency of 0.25 Hz with 4 deg amplitude was used for each
stimulus plane. In about forty percent of tested cells, clear firing re-
sponse was observed in CS activities during visual-pattern rotation in
either vertical or torsional plane. No clear CS response was found
during stimulation in the horizontal plane. On-direction (stimulus di-
rection that increases firing rate) of CS firing was upward for verti-
cal-rotation-responding cells and extorsional direction for torsion-rota-
tion-responding cells. For SS activities, clear response was not observed
for all stimulus direction in all tested cells. The results suggest that
there is a directional specificity for the CS visual response in the
cerebellar region. No COL

Reward-timing dependent bidirectional modulation of
spontaneous activity during single-cell operant condi-
tioning with two-photon calcium imaging

Hira, Riichiro'; Ohkubo, Fuki'; Masamizu, Yoshito';

Ohkura, Masamichi2; Nakai, Junichi?; Okada, Takashi3;

Matsuzaki, Masanori' (!National institute for basic biology, okazaki, Japan,

?Brain Science Institute, Saitama University, Saitama, Japan, *National Institute of
Neuroscience, NCNP, Tokyo, Japan)

By delivery of a reward when the firing rate of a neuron increases,
animals can learn the association between the activity of the neuron
and the reward, resulting in specific increase of the activity (single-cell
operant conditioning, SCOC). This ability is fundamental to the brain
machine interface (BMI) but the underling mechanisms remain unclear.
Here we developed SCOC with two-photon calcium imaging in the
mouse motor cortex. Head-fixed mice that were transfected with an
adeno-associated virus carrying the GCaMP7 gene in motor cortex
were trained for 1-2 weeks to perform a self-initiated lever-pull task.
After training, we conducted two-photon calcium imaging and mean
fluorescence in the target cell was continuously measured. Each time
a calcium transient in the cell occurred, a water drop was delivered
with a lag time of <300 ms. The activity of target cell specifically in-
creased within 15 minutes. The non-target cells which were acciden-
tally activated before and after the reward increased and decreased
the activities, respectively. This reward-timing dependent bidirection-
al modulation of the activity was reproduced by photostimulation of
cells with ChR2. These results indicate that cortical neurons individ-
ually respond to the temporal difference between their activities and
rewards, which may be fundamental process in BMI learning. No COL
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An analysis of the activity of the arm muscles during
the service motion in badminton- A longitudinal study
during the period between the first and second years
of junior high school

Masu, Yuijiro; Muramatsu, Ken; Komagata, Jyunya(Department of
Physical Therapy, Health Science University, Yamanashi, Japan)

[Objective] Every badminton game starts with a serve, and a player’s
service skills are considered to influence rallies in a game.With the aim
of acquiring knowledge of the development of stroke techniques, the
present study, involving players who started playing badminton in the
first year of junior high school, examined improvements in their serves
for one year. [Methods] The subjects were seven badminton players
who started to play when they were in the first year of junior high
school - a longitudinal study during the period between the first and
second years of junior high school. The subjects were asked to perform
short back-hand serves, and the activity of the arm muscles was as-
sessed. [Results] The mean iIEMG levels of the musculus extensor
carpi ulnaris and musculus flexor carpi radialis were significantly
lower when the students were in the second than first year. The mean
iEMG level of the deltoid was significantly higher when they were in
the second than first year. [Conclusion] These results suggest that
players who have continuously practiced tend to use the deltoid instead
of forearm muscles during the serve motion. Changes in muscle activ-
ity are considered to be related to: a decrease in the time between the
decision to hit the shuttlecock and moment the racket contacts it; and
improvements in the service accuracy. No COL

Arm preference of ophiuroids during locomotion and
its implication for the internal control scheme of arm
usage

Matsuzaka, Yoshiya'; Sato, Eiki?; Kano, Takeshi?;

Sakamoto, Kazuhiro?, Aonuma, Hitoshis; Ishiguro, Akio?(!Graduate

School of Medicine, Tohoku University, *Research Institute of Electrical
Communication, *Graduate School of Life Science, Hokkaido University)

Ophiuroids are pentaradially symmetrical echinoderms that locomote
on the seafloor by the coordinated rhythmic movements of their mul-
tijoint arms. How such coordinated movements are achieved is a focus
of interest from the viewpoint of neurobiology as well as robotics,
because ophiuroids lack the central nervous system that exerts the
integrative control over the five arms. To explore the underlying
mechanism of the arm coordination, we studied their arm usage during
locomotion. Previous studies reported two types of locomotion of
ophiuroids, rowing and reverse rowing. In the former, one arm acts
as the leading arm, being pointed forward along the axis of locomotion
while in the latter, an arm is pointed backward. We found the follow-
ings. 1) During rowing, a particular arm preferentially acted as the
leading arm. 2) When the preferred leading arm was anesthetized, it
was replaced by one of the other arms. 3) Both intact and anesthetized
individuals preferentially performed rowing, and finally 4) reverse
rowing occurred infrequently even when multiple arms were anesthe-
tized such that it would have allowed more efficient usage of the intact
arms. These findings indicate that the ophiuroids’ nervous system
prioritizes the selection of the leading arm over others for locomotion.
An autonomous decentralized control model was developed that ac-
counts for the observed arm usage during locomotion. No COL

Poster Presentations
Reproduction

Regulation of sperm hyperactivation by serotonin

Fujinoki, Masakatsu(Department of Physiology, School of Mediceine, Dokkyo
Medical University, Tochigi, Japan)

On mammalian spermatozoa, capacitation is the essential process to
fertile to the egg. Capacitated spermatozoa exhibit an acrosome reac-
tion in head and hyperactivation in flagellum. Recently, it has been
investigated that some hormones regulated sperm hyperactivation in
a dose dependent manner. In the present study, I examined whether
serotonin, which releases from cumulus-oocyte complex, regulated
hyperactivation using hamster spermatozoa. Serotonin significantly
enhanced sperm hyperactivation in a dose dependent manner although
it did not affect sperm motility. Serotonin regulated sperm hyperacti-
vation through two types of serotonin receptor. High concentration
(nM - uM) of serotonin enhanced sperm hyperactivation through 5HT,
receptor. On the other hand, low concentration (fM - pM) of serotonin
enhanced sperm hyperactivation through 5HT, receptor. In general,
sperm hyperactivation is regulated through cAMP signals and Ca*
signals. Because 5HT, receptor and 5HT, receptor are associated with
Ca*" signals and cAMP signals respectively, it was examined whether
serotonin regulates sperm hyperactivation stimulating Ca?* signals and
cAMP signals via each receptor. From results, serotonin regulated
sperm hyperactivation through IP; receptor and PKA when it stimu-
lated spermatozoa via 5HT, receptor. When serotonin stimulated
spermatozoa via 5HT, receptor, it regulated sperm hyperactivation
through PKA only. In conclusion, serotonin regulates sperm hyperac-
tivation in a dose dependent manner through Ca*" signals and cAMP
signals via 5HT, receptor and 5HT, receptor. No COL
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Regulation of hyperactivated motility by fluid osmolal-
ity in hamster spermatozoa

Takei, Gen Leon; Fujinoki, Masakatsu; Seo, Yoshiteru(Department of
regulatory physiology, Dokkyo Medical University, Tochigi, Japan)

Mammalian spermatozoa cannot fertilize with ovum without capacita-
tion. Generally, capacitated spermatozoa exhibit hyperactivation, a
specialized flagellar movement with increased bend amplitude to
penetrate the zona pellucida. In mammals, osmolalities of the fluids
from male internal genitalia (seminal vesicle, prostate, and epididymis)
are higher (<420 mOsm) than that of the fluids from female reproduc-
tive tract (around 290 mOsm). This means that mammalian spermato-
zoa experience osmotic shock in the female reproductive tract. How-
ever, the impact of osmotic shock on flagellar motility has not been
elucidated. In the present study, we investigated the effect of physio-
logical osmotic change on mammalian sperm motility using hamster.
The osmolalities of fluids from male internal genitalia and vagina in
hamster were higher (around 390 mOsm) than that of blood plasma
(around 300 mOsm). When spermatozoa were incubated in various
osmotic conditions (220-390 mOsm), osmolality near semen and vaginal
fluid suppressed sperm motility activation, and sperm motility was
activated as the extracellular osmolality decreased. Moreover, the
appearance of hyperactivated motility was delayed at the osmolality
near semen and vaginal fluid, and was accelerated as the extracellular
osmolality decreased to that of oviductal fluid. Our data suggest that
mammalian sperm motility is regulated by fluid osmolality to be hy-
peractivated at oviduct, where sperm fertilize with ovum. No COL

Identification of the interactive regions between dical-
cin and gp41; development of compounds that control
the fertilization rate in frogs.

Miwa, Naofumi; Hanaue, Mayu; Takamatsu, Ken(Dept. Physiol., Toho
Univ.)

Fertilization is a well-coordinated and sequential process, beginning
with taxon-specific sperm-binding to egg-coating envelope. We recent-
ly discovered that Xenopus dicalcin, present in the egg-coating enve-
lope, remarkably suppresses fertilization iz vitro through binding to
gp4l, a glycoprotein of the egg envelope. We have previously report-
ed that two amino-acid regions of dicalcin were candidates of the native
binding region on dicalcin for gp4l, and the corresponding peptides
decreased the fertilization rate in a dose-dependent manner. In the
present study, we, oppositely, attempted to determine the binding
region on gp4l for dicalcin. To roughly estimate the region, we gen-
erated poly-histidine-tagged gp41 and two ZP domains of gp41: ZP-N
and ZP-C, and examined their binding to dicalcin. The results showed
that dicalcin bound to recombinant gp4l and ZP-C, but not to ZP-N,
suggesting that ZP-C domain is the responsible domain for the binding
of gp41 to dicalcin. We next prepared a set of deletion mutants of ZP-C
domain, and found the potential dicalcin-binding region of gp41, among
which we obtained a synthesized peptide that increased the fertiliza-
tion rate, indicating that this amino acid region is responsible for the
native binding of gp4l to dicalcin. Thus, our novel results elucidated
the interactive regions between dicalcin and gp41, and help to under-
stand molecular mechanisms of the action of dicalcin, and also lead to
development of bioactive peptides that are capable of ‘increasing’ the
fertilization rate as well as ‘decreasing’ the one. No COL

New intrauterine probe for measuring uterine electri-
cal impedance of mice using four-electrode method
Arakawa, Mayu'; Yamamoto, Megumi'; Nakamoto, Miki';

lgi, Chihiro'; Akasaka, Keisuke'; Nishimura, Yukako';

Hosono, Takayoshi'; Nakamura, Hitomi2; Kimura, Tadashi?('Dept

Biomedical Engineering, Grad Sch Osaka Electro-Commun Univ, Shijonawate,
Osaka, Japan, *Dept. Obstet Gynecol, Grad Sch Med, Osaka Univ)

Biological electrical impedance (EI) measured using a four-electrode
method (FEM) has been widely applied to assess body constituents.
The FEM involves two pairs of electrodes, an outer pair (current
electrodes, CE) and an inner pair (voltage electrodes, VE). El is calcu-
lated by measuring the voltage between VE produced by AC currents
passing between CE. The uterine endometrium (UE) changes its
conditions in each estrus phase. The aim of this study was to clarify
the characteristics of UE EI using mice. Eight adult female Slc:ddy
female mice were used in this study. We checked the estrus cycle of
mice by the cytological evaluation of vaginal smears. The intrauterine
probe (IUP) was composed of two electrodes and a core of tungsten
wire of 0.3 mm in diameter. We rolled platinum wire on the core wire
as CE and VE at four sites within 10.0 mm from the tip. We measured
electrical impedance using an impedance checker between 2.5 and 350
kHz, and calculated characteristic parameters such as the impedance
at 0 Hz (RO) and infinity Hz (Ri). Under inspired anesthesia, we exposed
the uterus and inserted the IUP into the vagina and advanced its tip
into the uterine cavity, and then measured UEL RO and Ri were
larger in metestrus than in proestrus and diestrus. The UEI param-
eters measured by FEM might be novel parameters for evaluating
UE conditions. No COL

Changes of G-protein-coupled Receptor (GPR) 30
mRNA Levels in the Rat Uterus during Pregnancy, La-
bor and the Estrous Cycle

Murata, Takuya; Ichimaru, Toru; Narita, Kazumi(Department of
Integrative Physiology, Faculty of Medical Science, University of Fukui, Fukui,
Japan)

Estrogen induces physiological and morphological changes associated
with a large number of gene expressions in the uterus. The G-protein
coupled receptor 30 (GPR30) has been reported to be a membrane-as-
sociated estrogen receptor (ER). In this study, to investigate the reg-
ulation of GPR30 in the uterus, changes of GPR30 mRNA levels in the
uterus were examined in rats during pregnancy, labor and the estrous
cycle and in estrogen-treated ovariectomized (OVX) rats. No significant
change in GPR30 mRNA levels was detected during pregnancy and
labor. During the estrous cycle, GPR30 mRNA levels in the morning
and afternoon on proestrus were significantly lower compared with
those on diestrus, metestrus and estrus. This decline in GPR30 mRNA
levels on proestrus was abolished by the administration of ER antag-
onists, ICI182780 and raloxifene, on diestrus, but not by tamoxifen.
After a single injection of 17 -estradiol (E2, 12.5 ng/ rat), GPR30 mRNA
levels decreased within 2 h, but showed no significant change 24 h
after treatment. The injection of PPT, an ERa agonist, or DPN, an ERf
agonist, decreased GPR30 mRNA levels 3 h after treatment. These
results suggest that GPR30 mRNA levels in the rat uterus change
during the estrous cycle and that these changes are induced by estro-
gen, probably via ERa and ERf. No COL
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Essential amino acids deficient diet suppress estrous
cyclicity in rat

Ichimaru, Toru'; Nagao, Kenji?; Narita, Kazumi'; Bannai, Makoto?;
Murata, Takuya'(‘Department of Integrative Physiology, Faculty of Medical

Sciences, University of Fukui, Fukui, Japan, *Frontier Research Labs, Institute for
Innovation, Ajinomoto Co., Inc., Kanagawa, Japan)

Reproductive functions are influenced by circumstances, especially
their nutritional status. We investigated whether deficiencies of essen-
tial amino acids (EAAs) could be a signal of systemic undernutrition
to suppress reproductive functions. Adult female Wistar-Imamichi rats
were daily fed a calorically identical diet which lacks one of EAAs,
threonine (Thr-def), tryptophan (Trp-def), lysine (Lys-def) or valine
(Val-def), and monitored their estrous cyclicity by vaginal smears. All
of the EAA deficient treatments decreased food intake, body weight,
plasma glucose and triglyceride (TG) compared to a control diet. It
also stopped the estrous cycle in different timing among EAAs; the
days when continuous diestrus started were 5.8+1.1 in Val-def, 9.7+0.7
in Trp-def, 12.0+0.8 in Thr-def and 18.7+4.5 in Lys-def. Then, rats were
subjected to a pair-feeding (PF) experiment in which control diet was
restricted to either 100, 66 or 33% of the spontaneous Thr-def intake.
Both of the PF-100 which consumed same calorie as the Thr-def, and
the PF-66 of which body weight was equally decreased as the Thr-def,
did not show a delayed estrous cyclicity. Only the PF-33 group showed
a cessation of the estrous cycle in the same timing (12.8%0.2 d) as the
Thr-def. Plasma glucose and TG were similar to the Thr-def in the
PF-33, but higher in other groups. These results indicated that a defi-
ciency of EAA suppresses reproductive functions in particular manner
among EAAs. No COL

Poster Presentations
Development, Growth, Aging

Functional decline of alphad4beta2 nicotinic receptors
in the aged rat brain

Uchida, Sae'; Watanabe, Saori'?; Misawa, Hidemi?;

Kawashima, Koichiro®('Department of Autonomic Neuroscience, Tokyo
Metropolitan Institute of Gerontology, Tokyo, Japan, *Department of Pharmacology,
Faculty of Pharmacy, Keio University, *Department of Molecular Pharmacology,
Kitasato University School of Pharmacy)

Our previous study demonstrated that long-term stimulation of nico-
tinic receptors enhances cortical acetylcholine (ACh) release in adult
rats but not in aged rats. In the present study, we examined which
subtype of nicotinic receptors contribute to this enhancement of cor-
tical ACh release in adult rats. Adult rats (4-9 months) received sus-
tained subcutaneous infusion of either a selective alpha4beta2 nicotin-
ic receptor agonist (ABT-418, 10 ug/kg/h) or a selective alpha7
nicotinic receptor agonist (GTS-21, 20-100 png/kg/h) for 14 days. Under
urethane anesthesia, we determined ACh release in the parietal cortex
induced by electrical stimulation of the nucleus basalis of Meynert
(NBM). The stimulus intensity-dependent ACh release in the cortex
was greater in rats treated with alphadbeta2 agonist than in sa-
line-treated control rats. On the other hand, the magnitudes of cortical
ACh release in rats treated with alpha7 agonist were similar to those
in control rats. We conclude that alphadbetaZ nicotinic receptors
mediate enhancement of cortical ACh release induced by NBM acti-
vation after long-term stimulation of nicotinic receptors in adult rats.
These findings, together with our previous studies, suggest the reduc-
tion of the alphadbeta2 type nicotinic receptor function in aged rats.
No COL

Hypoplasia of the vascular smooth muscle cell in the
ATBF1 KO mouse

Jung, Cha-Gyun'; Kawaguchi, Makoto?; Miura, Yutaka?,

Hida, Hideki'; Michikawa, Makoto*('Dept. of Neurophysiology and Brain
Science, Nagoya City Univ., Nagoya, Japan, *Dept. of Pathology, Niigata Rosai
Hospital, Niigata, Japan, *Dept. of Molecular Neurobiology, Nagoya City Univ.,
Nagoya, Japan, *Dept. of Biochemistry, Nagoya City Univ., Nagoya, Japan)

ATBF1 (AT-motif binding factor 1), a 404-kDa transcription factor that
contains 4 homeodomains and 23 zinc finger motifs, involved in tran-
scriptional regulations and differentiation on many types of cells in-
cluding neurons. To gain insights into the physiological functions of
ATBFI, we generated ATBF1 deficient mice by gene targeting.
ATBF1 knockout (KO) mice are died on the day of birth because of
respiratory failure caused by the impairment of air space formation of
lung. Body weight was decreased in E13 and E17 ATBF1 KO mouse
compared to wild type mouse, and ATBF1 KO mouse appears a dys-
plasia in some organs. ATBF1 was expressed in vascular smooth
muscle cells but not in endothelial cells. Although pulmonary paren-
chyma such as alveolus epithelial cells was normal, a pulmonary artery
diameter was smaller than that of WT. And also we found that num-
ber of smooth muscle cell was decreased in coronary artery of ATBF1
KO mouse, and that loss of ATBF1 lead to the down-regulation of
PDGFR-a, a key regulatory factor of vascular formation, and induced
vascular smooth muscle cell defects. Together, these data indicate that
ATBF1 may an important role in the development of vascular smooth
muscle. No COL
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Erythropoietin facilitates the differentiation of mouse
embryonic stem cells into insulin-producing cells
Otsuka, Wakako; Kaitsuka, Taku; Kubo, Takuya; Wei, Fan-Yan;

Tomizawa, Kazuhito(Department of Molecular Physiology, Faculty of Life
Sciences, Kumamoto University, Kumamoto. Japan)

To date, there are few ways of the fundamental cure for diabetes. Cell
replacement therapy has become possible by utilizing artificially gen-
erated pancreatic f-cells from embryonic stem cells (ESCs) and induced
pluripotent stem cells (iPSCs). However, both the efficiency of the
method and potency of differentiated cells are insufficient. It is import-
ant to develop the more effective method of generating a pancreatic
B-cells for the regenerative medicine. In the present study, we screened
several endogenous factors involved in organ development and found
that the treatment with erythropoietin (Epo) facilitated the differenti-
ation of mouse ESCs into insulin-producing cells. Moreover, Epo in-
creased Pdxl gene expression at the stage of pancreatic progenitors.
Next, we examined which differentiation stage Epo acted on. Epo
treatment during early stage of the differentiation significantly in-
creased Sox17 gene expression, as a marker of definitive endoderm,
and decreased the expression of Oct4, a marker of pluripotency. These
results suggest that the treatment with Epo at an early stage is useful
for the efficient generation of insulin-producing cells. Epo is a cytokine
promoting the production of red blood cells via JAK-STAT signaling
pathway. The mechanism of Sox17 induction by Epo treatment is
under investigation. No COL

Cell Functional Differences in Relation to the Distri-
bution of Cytokeratins 13, 14 and 18 during Morpho-
genesis of the Tongue

Ilwasaki, Shin-ichi'; Satoh, Yoshihide'; Aoyagi, Hidekazu?
(‘Department of Physiology, The Nippon Dental University School of Life Dentistry

at Niigata, Niigata, Japan, *Advanced Research Center, The Nippon Dental
University School of Life Dentistry at Niigata, Niigata, Japan)

On the morphogenesis of the rat tongue, we could recognize the spe-
cific appearance and distribution of cytokeratin 13 (K13), 14 (K14) and
18 (K18). K14-specific immunoreactivity was first detected on the lingual
epithelium of fetuses on embryonic day 17 (E17), at which time the
lingual epithelium was composed of a few layers of cuboidal cells, and
K13-specific immunoreactivity on E19. The number of layers of cuboi-
dal cells in the lingual epithelium increased from E17 to E19. At
postnatal stages, K13-specific immunoreactivity became to be evident
in the intermediate cells of the interpapillary cell columns and K14-spe-
cific immunoreactivity did in the basal and suprabasal cells of the
papillary and interpapillary cell columns according to the development
of filiform papillae. K13-specific immunoreactivity was evident in cells
of the differentiating intermediate cells, while K14-specific immunore-
activity was detected in proliferating cells of the basal and suprabasal
layers. K18-specific immunoreactivity was detectable in the single
layer of periderm cells that covered the lingual epithelium of fetuses
on E13 and E15. Immunoreactivity was distributed throughout the
cytoplasm in periderm cells. On E17, K18-specific immunoreactivity
was very distinct in the periderm cells, which had become swollen and
elliptical. Periderm cells are estimated to have peculiar functions in
this process. No COL

The expression of PTEN in the development of mouse
cochlear lateral wall
Youyi, Dong; Li, Sui; Fuminori, Yamaguchi; Kazuyo, Kamitori;

Yuko, Hirata; Akram, Hossain; Chisato, Katagi; Masaaki, Tokuda
(The Department of Cell Physiology, Kagawa University Faculty Medicine, Japan)

Phosphatase and tensin homolog deleted on chromosome 10 (PTEN)
is a tumor suppressor gene that regulates various cell processes in-
cluding proliferation, growth, synaptogenesis, neural and glioma stem/
progenitor cell renewal. In addition, PTEN can regulate sensory cell
proliferation and differentiation of hair bundles in the mammalian co-
chlea. In this study we use immunofluorescence, western blot and
RT-PCR to reveal the expression of PTEN in the developing cochlear
lateral wall, which is crucial for regulating K+ homeostasis. Relatively
high levels of PTEN are initially expressed in the marginal cells (MCs)
of the lateral wall at embryonic day (E) 17.5 when they start to differ-
entiate. Similarly high levels are subsequently expressed in differenti-
ating root cells (RCs) at postnatal day (P) 3 and then in spiral ligament
fibrocytes (SLFs) at postnatal day (P) 10. In the mature cochlea, PTEN
expression is low or undetectable in MCs and SLFs but it remains
high in RCs and their processes. The expression pattern for PTEN in
the developing lateral wall suggests that it plays a critical role in the
differentiation of the cellular pathways that regulate K+ homeostasis
in the cochlea. No COL

Poster Presentations
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Effects of moxibustion on restraint stress-induced de-
layed gastric emptying in conscious rats

Taniguchi, Hiroshi'; Imai, Kenji?; Taniguchi, Sazuz;

Ogasawara, Chie'; Hino, Kokoro'; Shinbara, Hisashi'; Sumiya, Eiji’
(*Dept. of Basic Acupuncture and Moxibustion, Meiji Univ. of Integrative
Medicine, Kyoto, Japan, *Dept. of Clinical Acupuncture and Moxibustion, Meiji
Univ. of Integrative Medicine, Kyoto, Japan)

Moxibustion (MOX) has been used to treat gastric symptoms. Animal
studies have already shown that acupuncture at the ST-36, which lo-
cated on tibialis anterior muscle, have improved stress-induced delayed
gastric emptying (GE). However, the mechanism of the beneficial effects
of MOX remains unknown. The purpose of this study was to investigate
whether the MOX at ST-36 improves restraint stress-induced alteration
in the GE of conscious rats. Rats were given of solid food after 24-h
fasting. Immediately after the ingestion, rats were loaded to restraint
stress. Ninety minutes after the feeding, rats were euthanized and
gastric content was removed to calculate GE. Indirect MOX was
performed above the bilateral ST-36 throughout the stress loading. To
investigate whether vagal nerve was involved in mediating the
stress-induced alterations of GE, atropine was administered (i.p) just
before the start of restraint stress, and bilateral truncal vagotomy was
performed in 14 days before GE measurement. GE in the 90 min study
period was significantly delayed by restraint stress. This delayed GE
was significantly accelerated by MOX at ST-36, which had been dis-
appeared by atropine administration and vagotomy. Restraint stress-in-
duced delayed GE is improved by MOX at ST-36. Enhanced vagal
nerve activity are involved in mediating the stimulatory effects of
MOX on restraint stress-induced delayed GE. No COL

The different pattern of gastrointestinal motility and
blood flow following oral glucose and water ingestion
Kashima, Hideaki'; Eguchi, Kohei'; Kadowaki, Takako';

Fujihara, Chizuko'; Someya, Nami?; Miura, Akira’;

Endo, Masako Yamaoka'; Fukuba, Yoshiyuki'('Department of Exercise

Science and Physiology, Prefectural University of Hiroshima, Hiroshima, Japan,
?Chiba Prefectural University of Health Sciences, Chiba, Japan)

Oral glucose ingestion increases splanchnic blood flow (SBF), but
water does not. We hypothesized that the increased SBF by glucose
ingestion may be elicited by the exaggerated elevation of gastrointes-
tinal motility. To investigate this hypothesis, we measured the gastro-
intestinal motilities of stomach (by electrogastrography; EGG) and small
intestine (by electroenterography; EEnG), and the blood flow (BF) of
superior mesenteric artery (SMA) as an index of SBF before and every
15 min for one hour after ingesting 350-ml of either 8% glucose (Glu)
or water (Wa) in 6 male subjects. The gastrointestinal motility was
evaluated the power derived from the spectral analysis to EGG and
EEnG recordings before and after ingestion. BF of SMA was measured
by pulsed-Doppler ultrasonography. In addition, gastric emptying (GE)
rate was evaluated by echo-ultrasonographic images. Compared to the
baseline, the SBF was significantly increased not by Wa, but by Glu
ingestion. Whereas EGG power was increased after ingestion of both
solutions, EEnG power was significantly increased merely by Glu in-
gestion. GE rate was significantly delayed in Glu to Wa ingestion. These
results suggest that glucose ingestion elicits a different pattern of
gastrointestinal motility from water ingestion. Especially, the exagger-
ated EEnG response may be a factor which leads to increasing SBF.
No COL

Characteristics of autonomic nervous response in irri-
table bowel syndrome

Sakuragi, Sokichi; Terada, Miki; Nakajima, Sora(Department of School
Health Sciences, Aichi University of Education, Japan)

Autonomic dysregulation induced by higher sympathetic nervous
activity and lower parasympathetic nervous activity is considered to
be the main characteristic in male patients, and visceral hypersensi-
tivity is considered to be the main characteristic in female patients
with Irritable bowel syndrome (IBS). However, autonomic character-
istic in the female patients is still controversial. The purpose of this
study was to clarify the characteristics of autonomic response to
physical (cold pressor test) and psychophysiological (stroop test) stim-
uli in female patients with IBS, along with the mood change associat-
ed with the stimuli. Mood states were estimated by a profile of mood
states (POMYS), and autonomic nervous function was evaluated by a
spectral analysis of heart rate variability (HRV), baroreflex sensitivity
and blood pressure (BP). Repeated measures analysis of variance
(ANOVA) revealed significant interaction of group (IBS and control)
x time course after the stimuli in HF amplitude, that is, delayed recov-
ery of HF amplitude after the physical stimulus, and delayed and di-
minished recovery after the psychophysiological stimulus (stroop test)
in female patients with IBS. Repeated measures analysis of variance
(ANOVA) also revealed significant main effect of group (IBS and con-
trol) in baroreflex sensitivity, that is, the baroreflex sensitivity is
generally lower in female patients with IBS, though the time courses
in both groups were similar. No COL

Anion secretion induced by short-chain fatty acids in
the human terminal ileum

Karaki, Shin-lchiro; Kuwahara, Atsukazu(Laboratory of Physiology,
Graduate School of Nutritional and Environmental Sciences / Institute for
Environmental Sciences, University of Shizuoka, Shizuoka, Japan)

Short-chain fatty acids (SCFAs), predominantly acetate, propionate and
butyrate, are fermented products existing more than 100 mM in all in
the large intestinal lumen of mammals including humans. We and some
research groups have previously reported that SCFAs not only are
absorbed as nutrient, but also stimulate intestinal mucosa inducing a
variety of physiological responses, e.g. transepithelial ion transport in
the rodents. However so far, there has been no report of the SCFA-in-
duced ion transport in human intestine. This reason seemed to be
because SCFAs did not evoke ion transport in the human large intes-
tine clearly. However in the present study, we found that the SCFAs
induced an ion transport in the human surgical specimens of terminal
ileum by using mucosa-submucosal preparations mounted on the
Ussing chambers. In the rat and guinea pig colon, it has been report-
ed that propionate evokes anion secretion, but acetate does not. How-
ever in the human terminal ileum, the luminal addition of acetate also
concentration-dependently evoked an anion secretion the same as
propionate. Moreover, the luminal acetate-induced response was at-
tenuated dependent on the concentration of propionate pretreated,
and vice versa. These results suggest that the reflux of SCFAs from
cecum to terminal ileum passing through the ileocecal valve may induce
a fluid secretion in the human terminal ileum. No COL
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Desacetyl bisacodyl induced ion transport in rat colon
mucosa

Fujita, Takuya'?; Karaki, Shin-ichiro’; Tateoka, Takashi?;
Kuwahara, Atsukazu'(‘Laboratory of Physiology, Graduate School of
Nutritional and Environmental sciences/Institute for Environmental Sciences,
University of Shizuoka, *Mitsubishi Tanabe Pharma Corporation, Safety Research
Laboratories)

Bisacodyl, 4,4%-(2-pyridylmethylene)-bis-(phenyl acetate), is a stimulant
laxative used for the treatment of constipation. Bisacodyl shows to
inhibit intestinal water absorption and to induce net water secretion
in rats. Desacetyl bisacodyl is the active metabolite of bisacodyl.
Previous reports suggest that the laxative action of bisacodyl is initi-
ated through a direct interaction of luminal side of the colon. Howev-
er, the mechanism of action of bisacodyl has not yet been elucidated.
Aim of the present study is to investigate the mechanism of the de-
sacetyl bisacodyl induced secretion. Methods: Mucosa-submucosal
tissue preparation of rat colon and rectum were made of rat tissues.
Short-circuit current (I) and tissue conductance (G,) were measured
as indices of transepithelial electrogenic ion transport and permeabil-
ity by Ussing chamber.Results: Mucosal addition of desacetyl biscodyl
(105-10% M) concentration-dependently induced a transient decrease
and subsequent increase in II, in rat distal colon and rectum. Neural
blockade by tetrodotoxin (10-M) did not affect, but inhibition of pros-
taglandin by the pretreatment of piroxicam * almost completely re-
duced the desacetyl bisacodyl-induced Il increase. These results
suggest that the secretory effect of desacetyl bisacodyl is possibly
interaction in apical side of distal colon and rectum. COI properly
declared.

Effect of electrical acupuncture on colonic transit
measured by a new method using the radiopaque
marker in conscious rats.

Taniguchi, Sazu'; Kawakami, Koichi'; Taniguchi, Hiroshi?;

Kitakoji, Hiroshi'; Imai, Keniji'(‘Dept. of Clinical Acupuncture and
Moxibustion Meiji Univ. of Integrative Medicine, Kyoto, Japan, *Dept. of Basic
Acupuncture and Moxibustion Meiji Univ. of Integrative Medicine, Kyoto, Japan)

Acupuncture has been used for treating functional gastrointestinal (GI)
disorders, including irritable bowel syndrome, constipation and diar-
rhea. However, the precise mechanism of acupuncture on GI function
remains unclear. We examined the influence of acute restraint stress
(RS) and electrical acupuncture (EA) on colonic transit (CT) of conscious
rats by the method using the radiopaque marker. Male Sprague-Daw-
ley rats were used. Under pentobarbital sodium anesthesia, an in-dwell-
ing silastic cannula was inserted into the caecum and positioned to
enter the proximal colon. Five days after the surgery, rats were ex-
posed to RS for 90 min. The rats treated with EA (10 Hz, 3V, 0.5 msec)
at ST-36, which located on tibialis anterior muscle, for 20 min before
stress loading. Twenty metal radiopaque markers, whose diameter is
1.5mm, were administrated into the proximal colon with saline. It was
visible throughout the GI tract via soft X-ray every 30 min until 120
min. CT was significantly increased by RS. Furthermore, nearly all-ra-
diopaque markers passed out of the colon until 60 min during RS. In
contrast, CT was delayed by EA regardless of stress loading, and the
entire radiopaque markers remained at 120 min in the colon. These
results raise the possibility that EA at ST-36 may inhibit stress in-
duced-accelerated CT. EA may improve on GI disorders, like irritable
bowel syndrome. No COL

Colonic transit measured by a new method using the
radiopaque marker in conscious rats.

Imai, Keniji'; Imai, Kenii'; Taniguchi, Sazu'; Kawakami, Koichi';
Taniguchi, Hiroshi?; Kitakoji, Hiroshi'('Dept. of Clinical Acupuncture and
Moxibustion Meiji Univ. of Integrative Medicine, Kyoto, Japan , 2Dept. of Basic
Acupuncture and Moxibustion Meiji Univ. of Integrative Medicine, Kyoto, Japan)

Colonic transit (CT), which measured by bead expulsion time, the
number of fecal pellet output or calculating the geometric center, is
not proper for evaluating chronologically. On the other hand, through
there are individual differences in effects of acupuncture and respons-
es of drugs, it is important that CT repeatedly measures on individu-
al. Therefore, we developed a new method using the radiopaque
marker for time-course analysis of CT of rats. Male Sprague-Dawley
rats were used. Under pentobarbital sodium anesthesia, an in-dwelling
silastic cannula was inserted into the caecum and positioned to enter
the proximal colon. Five days after the surgery, 20 metal radiopaque
markers, whose diameter is 1.5mm, were administrated into the prox-
imal colon with saline (1.0 ml). It was visible throughout the GI tract
via soft X-ray every 30 min until 120 min at 2 consecutive days. CT
was calculated by maximum migration length of the radiopaque mark-
er. On the 1st day, maximum migration length was 32.6%£15.6 mm at
60 min and 62.4+204 mm at 120 min. The next day, it was 24.8+20.4
mm and 51.2£31.4 mm, respectively. There were not significantly
differences of maximum migration length between 1st and 2nd day.
These results showed that the new method using the radiopaque
marker was stable and reliably. This method can measure CT by
chronologically and may be useful to elucidate the mechanism of co-
lonic disorders, like IBS. No COL

Curcumin reduces colonic fermentation after the in-
gestion of milk

Shimouchi, Akito'2; Nose, Kazutoshi'; Yamaguchi, Makoto?,
Taniguchi, Ketaro'; Mizukami, Tomoe'; Jinno, Naoya';

Shirai, Mikyasu’; Ishiguro, Hiroshi2; Kondo, Takaharu3('Department of
Cardiac Physiology, National Cerebral and Cardiovascular Research Center,
?Department of Health and Nutrition, Nagoya University, *Department of Health
Science, Chubu University)

Curcumin is one of the main constituents of turmeric. We previously
reported that dietary tumeric activated bowel motility and carbohy-
drate colonic fermentation. Ninety percents of Japanese adult are milk
intolerance. The ingestion of milk causes marked increase in breath
hydrogen (H2) by the colonic fermentation. Thus, we wondered how
curcumin affect the colonic fermentation after the milk ingestion.
Subjects fasted for 12 h and ingested milk with or without curcumin.
Breath H2 concentrations were analyzed every 15 min for 6 h by gas
chromatography with a semiconductor detector. Ingestion of milk
without curcumin showed a delayed and sustained increase of breath
H2 in subjects with milk intolerance for up to 9 hours, whereas inges-
tion of milk with curcumin significantly decreased the rise in breath
H2 in a dose-dependent manner. We conclude that curcumin decreas-
es the colonic fermentation caused by the ingestion of milk. No COL
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Anti-fibrotic effects of Daikenchuto (TU-100) associat-
ed with intestinal myofibroblast TRPA1 channel
Sumiyoshi, Miho'; Kurahara, Lin Hai'; Hung, Hsichin'; Aoyagi,
Kunihiko?; Inoue, Ryuji'(*Dept. Physiol., Fukuoka Univ. Sch. Med., Fukuoka,
Japan, *Dept. Gastroenterol., Fukuoka Univ. Sch. Med., Fukuoka, Japan)

Daikenchuto (TU-100), a traditional oriental herbal medicine used for
post-operative ileus and constipation. TU-100, composed of Zingiberis
Rhizoma, Ginseng Radix and Zanthoxyli Fructus, generally accelerates
gastrointestinal motility, and increases intestinal blood flow and gas-
trointestinal hormone secretion. However, the mechanism of TU-100's
actions remains unclear.

Intestinal myofibroblasts play an important role in fibrotic stenosis.
Previously, we reported pathophisiological involvement of transient
receptor potential (TRP) channels in colonic myofibroblasts. Micro-ar-
ray assay with an intestinal myofibroblast cell line (InMyoFib) detect-
ed TRPA1 at highest expression among TRP family. The TRPA1
agonist AITC and an active ingredient of TU-100 [6]-shogaol respec-
tively induced Ca*' influx in InMyoFib, which was antagonized by
co-treatment with a selective TRPA1 channel blocker HC-030031.
Importantly, 24-hour incubation with TU-100 100ug/ml enhanced the
mRNA and protein expressions of TRPA1 in InMyoFibs.

We next explored a potential role of TU-100 on fibrosis signal trans-
duction and collagen synthesis associated with TGF-£1. TU-100 in-
creased Type I Collagen expression and the phosphorylation of Smad2
and p38-MAPK at the downstream of TGF receptors.

These results suggest that TU-100-mediated myofibroblastic TRPA1
expression and Ca?" influx could be an important process suppressing
intestinal fibrogenesis, the mechanism for which may account for the
pharmacological actions of TU-100. No COIL

Regional difference in blood flow response to cold
pressor test

Miyaiji, Akane'?; [kemura, Tsukasa'?; Hamada, Yuka'?;

Hayashi, Naoyuki?('Graduate school of human-environment studies, Kyushu

university, ?Graduate school of decision science and technology, Tokyo institute of
university)

To investigate whether vascular responses to increase in blood pres-
sure differ among various blood vessels, we recorded relative changes
of mean arterial pressure (MAP) and blood flow values in the middle
cerebral artery (MCA), retinal arterial (RA), and choroidal vessels (CV)
during cold pressor test (CPT) in 24 healthy males (24.1 = 0.2 yrs). The
CPT was induced by placing hand in cold water (5~10°C) for 2 min.
MAP significantly increased from the baseline by 18 + 2% (P<0.05).
Blood flow values in MCA, RA, and CV significantly increased by 4 =
2%, 9 = 2%, and 16 = 3%, respectively (P<0.05). Conductance index (CI),
which was calculated as each blood flow value divided by MAP, in
MCA and RA significantly decreased by 10 + 3% and 6 + 2%, respec-
tively (P<0.05). There was a significant correlation in relative changes
of blood flow values between RA and CV (r=0.55), while no correlation
was obtained among other vessels. There were no correlations in
relative changes of CI among any blood vessels. It was suggested that
vascular responses to increase in blood pressure during CPT differ
among vessels. No COL

Poster Presentations
Endocrinology

Morphological and histological properties of MCH
neurons in ES cell-derived hypothalamic culture
Kodani, Yu'; Nagasaki, Hiroshi'?; Suga, Hidetaka?3;

Wataya, Takafumi®; Nakashima, Akira'; Kaneko, Yoko S';

Qiso, Yutaka?; Sasai, Yoshiki®; Ota, Akira'('Dept. Physiol., Fujita Health
Univ. Sch. Med., Toyoake, Japan, *Dept. Endocrinol. & Diabetes, Nagoya Univ.,
Grad. Sch. Med., Nagoya, Japan, >RIKEN CDB, Kobe, Japan)

Mouse embryonic stem cell-derived hypothalamic culture (ES-hypo) is
reported to generate peptidergic neurons producing vasopressin,
neuropeptide Y, or agouti-related protein (Wataya et al., 2008, PNAS).
However, it remains unclear whether ES-hypo is identical with the
native hypothalamus where a variety of peptidergic neurons are
working in harmony. The present study focused on the development
of melanin-concentrating hormone (MCH) neurons in ES-hypo. MCH
is a hypothalamic neuropeptide controlling feeding behavior and en-
ergy handling. We found that MCH-positive neurons increased in
number and maturity in ES-hypo during 3rd-5th weeks of induction,
which is similar to developmental neurogenesis. These MCH neurons
showed histological characters common to native ones iz vivo: co-ex-
pression of MCH with GABA or cocaine- and amphetamine-regulated
transcript (CART), and reciprocal synaptic connections with orexin-pos-
itive or tyrosine hydroxylase-positive (i.e., dopaminergic) neurons.
Moreover, the MCH neurons exhibited various morphologies corre-
sponding to those found in the developing stages. In summary, we
have identified MCH neurons co-exist with other peptidergic neurons
in ES-hypo, and also they share many characters with native MCH
neurons. It is suggested that ES-hypo provides a new experimental
system to investigate the development and neurophysiology of the
hypothalamic MCH system. No COL
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Adiponectin regulates proopiomelanocortin and
neruopeptide Y neurons in the hypothalamic arcuate
nucleus

Suyama, Shigetomo'; Maekawa, Fumihiko?; Maejima, Yuko';
Kubota, Naoto®, Kadowaki, Takashi®; Yada, Toshihiko!('Department
of Physiology, Jichi Medical University, Tochigi, Japan, *Center for Environmental

Health Sciences, National Institute for Environmental Studies, Tsukuba, Japan,
*Dept. Metabolic Diseases, Graduate Sch. Med, Univ. Tokyo, Tokyo, Japan)

Aim: Adiponectin facilitates insulin sensitivity and regulates energy
expenditure in the peripheral organs, It has also been suggested that
serum adiponectin secreted from adipocytes enters and exerts effects
in the brain. Adiponectin receptors are expressed in several regions
of the brain including the hypothalamic paraventricular nucleus and
arcuate nucleus (ARC), the centers regulating feeding and energy
expenditure. The aim of this study was to determine the effect of
adiponectin on the activity of proopiomelanocortin (POMC) neurons
and neuropeptide Y (NPY) neurons in the ARC. Methods: Slices con-
taining ARC were produced from the hypothalamus of POMC-GFP or
NPY-GFP mice. The effects of adiponectin on the membrane potential
and firing in POMC neurons and NPY neurons in slices were record-
ed under current clamp mode. Food intake was measured from mice
which received intracerebroventricular injection of 150 ng adiponectin
just before dark period.Results: Bath application of adiponectin (100
ng/ml) depolarized and increased firing in POMC neurons whereas it
decreased firing in ARC NPY neuron. Food intake was suppressed by
intracerebroventricular adiponectin injection.Conclusion: Adiponectin
activates POMC neurons and inhibits NPY neurons in ARC. These
effects may be relayed to suppression of food intake by adiponectin.
No COL

The expression of the oxytocin-monomeric red fluo-
rescent protein 1 fusion gene in the hypothalamus
and spinal cord of adjuvant-induced arthritic rats
Matsuura, Takanori'; Yoshimura, Mitsuhiro'; Ohkubo, Junichi’;
Maruyama, Takashi'; Hashimoto, Hirofumi'; Ishikura, Toru2;
Kawasaki, Makoto?; Ohnishi, Hideo?; Ueta, Yoichi'(*Department of

Physiology, School of Medicine, University of Occupational and Environmental
Health,Kitakyushu,Japan , *Department of Orthopaedics, U.O.E.H, Japan)

Oxytocin (OXT) is a well-known neurohypophysial hormone that is
synthesized in the paraventricular (PVN) and the supraoptic nuclei
(SON). Several lines of evidence have suggested that OXT plays an
important role in pain modulation and analgesia. However, little is
known about the neuronal spinal networks responsible for OXT effects.
The present study examined the effects of chronic inflammatory/no-
ciceptive stress on the expression of the OXT-monomeric red fluores-
cent protein 1 (mRFP1) fusion gene in the hypothalamus and spinal
cord, using the adjuvant arthritis (AA) rat model. To induce AA,
OXT-mRFPI transgenic rats were intracutaneously injected heat-killed
Mycobacterium butyricum (1 mg/rat) in paraffin liquid at the base of
their tails. We observed mRFP1 fluorescence in the PVN, the SON,
and the dorsal horn in the spainal cord when AA was established. The
expression of the mRFP1, and the OXT genes in the hypothalamus
were also measured by iz situ hybridization histochemistry. OXT and
mRFP1 mRNA levels in the PVN and the SON were significantly in-
creased on day 22 in AA rats. The mRFP1 fluorescences in the SON,
the PVN, and the dorsal horn were apparently increased on days 15
and 22 in AA rats compared with controls. These results suggest that
OXT may play an role in pain modulation and analgesia in AA rats.
No COL

Roles of secretin-oxytocin system in the control of so-
cial recognition

Takayanagi, Yuki; Onaka, Tatsushi(Division of Brain and Neurophysiology,
Department of Physiology, Jichi Medical University, Tochigi, Japan)

It has been known that oxytocin receptors are implicated in autism.
Furthermore, mice lacking the oxytocin or oxytocin receptor gene
show autistic phenotypes, such as socio-behavioral deficits including
social recognition deficits. On the other hand, secretin, a gastrointes-
tinal hormone, has been reported to be a possible treatment for autism.
Mice lacking the secretin or secretin receptor gene also show socio-be-
havioral deficits. Secretin administration facilitates oxytocin release.
However, relationship between oxytocin and secretin concerning social
behavior remains to be determined.

We have demonstrated that secretin activates oxytocin neurons of the
supraoptic nucleus and facilitates oxytocin release. In the present study,
we investigated whether secretin facilitates social recognition via ac-
tivation of oxytocin receptor. An intracerebroventricular injection of
secretin increased the capability of social recognition in rats, and the
facilitative effect of secretin was blocked by an oxytocin receptor an-
tagonist. Furthermore, local application of secretin into the supraoptic
nucleus facilitated social recognition and its action was blocked by an
oxytocin receptor antagonist injected into the medial amygdala. All
these results suggest that secretin activates oxytocin neurons in the
supraoptic nucleus, potentiates dendritic oxytocin release, and facilitates
social recognition via the oxytocin/oxytocin receptor system. No COL

Paired-pulse facilitation in parallel fiber-Purkinje syn-
apses were decreased in congenital hypothyroid
mice.

Amano, lzuki; Takatsuru, Yusuke; Toya, Syutaro; Haijima, Asahi;

Koibuchi, Noriyuki(Department of Integrative Physiology, Gunma University
Graduate School of Medicine, Gunma, Japan)

Thyroid hormone (TH) plays a critical role on development of brain.
Deficiency of TH during development induces the organizational chang-
es of the cerebellum, causing cerebellar ataxia. However, underling
mechanisms of such abnormal development are poorly understood. To
clarify the effect of TH on the development of neuronal circuit, we
used the dual oxidase maturation factor (DUOXA) mutation mice,
which show congenital hypothyroidism. As previously reported, pro-
liferation and migration of granule cells were delayed after P15 in
homozygous mice (Duoxa-/-) using Cresyl violet staining. However,
organizational changes of the granule cell in Duixa-/- mice disappeared
by P25. The branching of dendrite and the size of soma in the Purkin-
je cell were not significantly different between Duixa-/- and control
mice. Although the structure of the cerebellum was not different be-
tween Duixa-/- and wild type at P25, cerebellar ataxia was detected
in Duixa-/- mice. To examine the mechanism, we next performed the
neurophysiological study. We found that paired-pulse facilitation, which
is commonly detected in parallel fiber-Purkinje cell synapses, were
decreased in Duixa-/- mice especially at P15 without the obvious change
of expression levels of protein, which regulate neurotransmitter release.
Taken together, we conclude that the anatomical catch-up growth of
cerebellum cannot normalize its function because of the function of
neuronal circuit itself was continuously affected by hypothyroidism.
No COL
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Comparison of the effect of current therapeutic agents
for diabetes in Cdkal1-deficient mice
Watanabe, Sayaka; Wei, Fan-Yan; kaitsuka, taku;

tomizawa, kazuhito(Department of Molecular Physiology, Faculty of Life
Sciences, Kumamoto University, Kumamoto, Japan)

Genetic variations in the Cdkb5 regulator associated protein 1-like 1
(CDKALI1) gene have been associated with type 2 diabetes (T2D).
Cdkall catalyzes 2-methylthio modification at position 37 adenosine in
cytosolic tRNALys(UUU). The 2-methylthio modification is critical for
the accurate decoding of lysine codon. Deficiency of 2-methylthio
modification in pancreatic beta-cell-specific cdkall-deficient (KO) mice
show aberrant proinsulin translation, and resulted in impaired insulin
secretion and glucose intolerance. Given the similarity of symptoms
between Cdkall KO mice and T2D patients carrying risk CDKAL1
variation, we utilized Cdkall KO mice as T2D model to investigate the
long-term effects of anti-diabetic drugs. We treated Cdkall KO mcie
with glibenclamide, glucagon like peptide 1 (GLP1) agonists including
exendin-4 and liraglutide, and sitagliptin, an inhibitor of GLP-1 protease
(DDP-4) up to 8 weeks. Glucose metabolism and gene expression were
then investigated. Long-term application of glibenclamide impaired the
glucose tolerance and insulin secretion in KO mice. In contrast, GLP-1
agonists and sitagliptin significantly improved the glucose tolerance
and insulin secretion. Examination of gene expression showed that
both liraglutide and sitagliptin, but not glibenclamide, decreased the
expression of unfolded protein response-related genes as well as L-Myc,
a dedifferentiation-related gene. Our results suggest that the GLP-1
related drugs will be beneficial for T2D patients carrying risk Cdkall
variation.

Suppression of AMPK activity in skeletal muscle im-
proves metabolic abnormalities of streptozotocin-in-
duced diabetes mellitus in mice.

Yokota, Shigefumi; Okamoto, Shiki; Minokoshi, Yasuhiko(Div
Endocrinol Metab, Natl Inst Physiol Sci)

AMPK (AMP-activated protein kinase) is activated by decreased in-
tracellular energy level. Here we found that strepotozotocin (STZ)-in-
duced diabetes activates AMPK and its signaling pathways in skeletal
muscle in mice. Surprisingly, inhibition of AMPK activity in skeletal
muscle in STZ-induced diabetes by preferentially expressing domi-
nant-negative AMPK (DN-AMPK) significantly improved STZ-induced
hyperglycemia, and high level of plasma free fatty acids and ketone
bodies, although plasma insulin level was low. Moreover, STZ-treated
DN-AMPK mice improved atrophy of white adipose tissue (WAT) and
skeletal muscle, body weight loss and increased survival rate. In par-
allel with the WAT mass, STZ-treated DN-AMPK recovered and in-
creased plasma level of leptin and adiponectin, respectively.

IL-6 (Interleukin-6) and a novel myokine, irisin, stimulate lipolysis and
fat utilization in WAT. STZ-induced diabetes increased both IL-6 and
irisn levels in skeletal muscle and plasma, and those are returned to
the control levels in DN-AMPK mice. Infusion of leptin or neutral
antibody for IL-6 by osmotic minipump improved the metabolic chang-
es in STZ-induced diabetes, similar to those in STZ-treated DN-AMPK
mice. Furthermore, chronic infusion of AMPK inhibitor, compound C,
also improved the metabolic abnormities in STZ-induced diabetes.
These results thus unveil a key role for muscle AMPK in metabolic
abnormities in STZ-induced diabetes, and important role of organ
networks in the metabolic regulation. No COL

Alteration of thyroid hormone signaling by treadmill
training with different intensity in male rat skeletal
muscle.

lwasaki, Toshiharu; Lemana, Ronny; Shimokawa, Noriaki;

Koibuchi, Noriyuki(Dept Integrative Physiology, Gunma Univ Grad Sch Med,
Gunma, Japan)

Thyroid hormone (TH) controls metabolic activity in a wide range of
tissue. Aerobic exercise training facilitates oxidative phosphorylation
and glycolysis of skeletal muscle. Thus, we studied if TH signaling
pathway is activated by a several intensity of training. Male adult rats
received 30 min/day treadmill training with different exercise inten-
sity for 12 days. By lactate levels, rats were divided into stationary
control (SC, 0 m/min), aerobic (A, 15 m/min, for 30 min) and anaerobic
(AN, 25 m/min, 30 min) training groups. We have previously reported
that TSH level was suppressed in both A and AN groups during the
exercise. TRF1 mRNA and protein levels were increased in A group,
but not in AN group. In the present study, we examined whether the
sensitivity to triiodothyronine (T3) was altered in several TH-target
genes including MyoD, and etc. Twenty-four hours after the last
training, T3 was injected intravenously. Six hours later, rats were
sacrificed and the soleus muscle was dissected out to extract total
RNA. Then, semiquantitative RT-PCR was carried out. Particularly,
induction of Na*K*-ATPase f1 expression by T3 was significantly
augmented in A group, but not in AN group. Chromatin immunopre-
cipitation assay in L6 myoblast-derived clonal cells showed that TRA1
bound to the nucleotide sequence that is similar to typical TH response
element in promoter region of Na*K*-ATPase f1 gene. These results
indicate that aerobic training alters TH signaling at least in part by
increasing TRS1 expression. No COL

Distribution of TRPC channels expression and their
role in catecholamine secretion of adrenal medullary
cells.

Harada, Keita; Matsuoka, Hidetada; Inoue, Masumi(Department of Cell
and System Physiology, University of Occupational and Environmental Health
School of Medicine)

Adrenal medullary (AM) cells secrete catecholamines in response to
ACh releasing from the splanchnic nerve terminal. This ACh-mediat-
ed signal is thought to be received mainly by nicotinic ACh receptors,
and the role of muscarinic Ach receptors in the neurotransmission is
controversial although muscarinic receptors have biochemically and/
or functionally been detected in several species including guinea-pig,
rat and human AM cells. We have previously demonstrated that an
inhibition of TASK1 channel was responsible for muscarinic activation
in rat AM cells. Whereas an activation of nonselective cation channels
as well as an inhibition of TASKI channels was involved in guinea-pic
AM cells. The electrophysiological and pharmacological studies suggest
TRPC channels are a candidate. In fact, immunoblotting and immuno-
cytochemistry revealed expression of TRPCsl, 4, 5, and 7 in guinea-pig
AM cells; TRPCsl and 4 were mainly localized in the cytoplasm in the
resting cells whereas TRPC5 was in and/or near the plasma membrane.
In this study, we examined whether or not the localization of TRPCs
in guinea-pig AM cells is changed upon the muscarinic stimulation and
TRPCI channels are coupled with TRPC4 or TRPC5 channels. We also
utilized PC12 cells to investigate detailed mechanisms of the trafficking
of TRPC channels in the muscarinic stimulation. No COL
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Ghrelin attenuates incretin effect of GLP-1 in rats
Dezaki, Katsuya; Rita, Rauza Sukma; Boldbaatar, Damdindorj;
Yada, Toshihiko(Department of Physiology, Jichi Medical University, Tochigi,
Japan)

Ghrelin, an acylated 28-amino acid peptide, reportedly restricts insulin
release in islet f-cells and thereby regulates glucose homeostasis. We
have reported that ghrelin attenuates cAMP signaling, thereby inhib-
iting glucose-induced increases in cytosolic Ca** concentration ([Ca®'])
and insulin release in islet S-cells. This study aimed to clarify whether
ghrelin counteracts the effects of glucagon-like peptide-1 (GLP-1), a
physiological incretin hormone, on insulin release, cAMP and [Ca®*];
signaling in islet S-cells. In rat isolated islets under static incubation,
glucose (8.3 mM)-induced insulin release was potentiated by GLP-1,
and this potentiation was suppressed by ghrelin. The glucose (8.3
mM)-induced cAMP production in islets was enhanced by GLP-1, and
this enhancement was blocked by ghrelin. In the presence of 8.3 mM
glucose, GLP-1 evoked [Ca?*], increases in single S-cells and they were
significantly attenuated by ghrelin. The results indicate that ghrelin
attenuates glucose-dependent insulinotropic actions of GLP-1 by sup-
pressing cAMP-mediated [Ca®']; signaling in islet S-cells. We next
performed in vivo studies in rats. In oral glucose tolerance tests in
which GLP-1 is released and exerts its incretin effect, intraperitoneal
administration of ghrelin markedly attenuated the increase in plasma
insulin and enhanced the increase in blood glucose. These findings
indicate that ghrelin attenuates incretin effect of GLP-1 and that inter-
action between ghrelin and GLP-1 plays an important role in physio-
logical regulation of glucose-induced insulin release in islet f-cells. No
COL

Effects of Ghrelin on tuberomammillary nucleus neu-
rons
Wakabayashi, Yuji; Kim, Juhyon; Nakajima, Kazuki(Division of

Bio-Information Engineering, Faculty of Engineering, University of Toyama,
Toyama, Japan.)

Ghrelin, known as stimulator of release of growth hormone (GH) and
food intake, is produced by stomach, other peripheral organs and some
brain regions and acts on GH secretagogue receptors (GHS-Rs) in the
some peripheral organs and brain regions. Recent study also suggests
that ghrelin participates in regulation of sleep-wakefulness. Tubero-
mammillary nucleus (TMN), which involves histaminergic neurons that
contribute to maintain arousal state, also expresses GHS-Rs. However,
direct action of ghrelin on TMN neurons is remained unclear. Thus,
we examined electrophysiological effects of ghrelin on TMN neurons
using rat brain slice preparations and whole-cell patch clamp recording
technique. Application of ghrelin depolarized TMN neurons in both
absence and presence of tetrodotoxin, and the depolarization was in-
hibited by antagonist for GHS-Rs. The ghrelin-induced depolarization
was accompanied by increase of membrane resistance, and decreased
under high-K* and/or Ca** free extracellular solution. These results
suggest that ghrelin depolarizes TMN neurons postsynaptically via
GHS-Rs with a dual ionic mechanism including a decrease in K* con-
ductance and an increase of Ca* conductance, and may participate in
the regulation of sleep-wakefulness via the excitatory effect on TMN
neurons. No COL

Mifepristone upregulated adiponectin secretion during
3T3-L1 adipogenesis.
Hashimoto, Takeshi; Igarashi, Junsuke; Yamashita, Tetsuo;

Kosaka, Hiroaki(Department of Cardiovascular Physiology, Faculty of Medicine,
Kagawa University, Japan)

Mifepristone, a putative steroid receptor antagonist, clinically serves
as an anti-cancer agent, eliciting both cytostatic and cytotoxic effects
on malignant cells. However, the metabolic effects of long-term treat-
ment with mifepristone have remained unclear. Here we show that
mifepristone also promotes the ability of cultured mouse 3T3-L1 cells
undergo adipogenesis elicited induced by co-treatment with Dexameth-
asone (Dex), 1-methyl 3-isobutylxanthine (IBMX), and Insulin (Ins).
Specifically, we observed increases in cells treated with mifepris-
tone-Dex-IBMX-Ins when compared to those with Dex-IBMX-Ins alone
in 1) the protein and gene expression levels of adipocyte marker aP2,
the adipocyte fatty acid binding protein, 2) the lipid accumulation
(Bodipy 493/503 staining), and 3) the adiponectin secretion levels into
culture medium. Intriguingly, mifepristone-induced gene expression
of aP2 and adiponectin was markedly attenuated by neutralizing an-
tibody to adiponectin (ANOC9104). Because adiponectin, an antidiabet-
ic hormone, is able to enhance adipogenesis in an autocrine/paracrine
fashion, we propose that mifepristone may stimulate differentiation of
preadipocytes into adipocytes possibly by modulating the expression
and secretion levels of adiponectin. These results therefore identify a
previously unknown pharmacological action of mifepristone on fat cell
metabolism. No COL
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Re-evaluation of regulatory volume decrease of sever-
al cell lines by flow cytometric measurements.

Hazama, Akihiro; Kobayashi, Daisuke; Otsuki, Lucia(Dept.Cellular &
Integrative Physiology, Fukushima Medical University School of Medicine)

The mechanism of regulatory volume decrease (RVD) after hypotonic
stress has been widely investigated. The independent activations of
volume regulatory chloride channel and potassium channel are con-
sidered to induce the KCI efflux from the cell together with water ,
causing cell volume decrease. Although this concept is widely accept-
ed, the speed of regulatory volume decrease differs by cell types. In
addition, initial swelling after the hypotonic stress differs mong cell
species. To re-evaluate the mechanism of RVD, we measured initial
cell swelling after hypotonic stress and volume change in HeLa cells,
HEK293 cells, and PC12 cells. We observed that the RVD processes
of HEK293 cells and PC12 cells are slower compered with HeLa cells.
Initial cell swelling of PC12 cells are slower than HeLa cells and HEK293
cells. These initial swelling process may represents the expression
level of aquaporins of plasma membrane which increase the water
permeability of cell membrane. Further studies would be necessary
to prove this possibility. No COL

Cytotoxic anions damaged HelLa cells via volume reg-
ulatory chloride channel
Itagaki, Yuya; Koiwai, Megumi; Eka, Prasedia Sunarwidi;

Kobayashi, Daikuke; Hazama, Akihiro(Dept.Cellular & Integrative
Physiology, Fukushima Medical University School of Medicine)

Special anions damages the cells with unknown mechanism. We call
those anions cytotoxic anions, including VO,*, CrO,%, SeO;*, WO,?, etc.
We examined the cytotoxic effects of these anions. SeO.* was found
to have most cytotoxic effects to HeLa cells with micro-molar concen-
tration. The chloride channel inhibitors, DIDS or NPPB, blocked the
effect of cytotoxic anions. When such anions were applied just after
hypotonic challenge, the cytotoxic effects were markedly increased.
These results suggest that cytotoxic anions damaged HelLa cells via
volume regulatory chloride channels. The mechanism of cell damage
by these anions after entrance into the cells should be further examined.
No COL

AVP neurons possess the cell volume regulation
mechanism under hyperosmotic conditions
Sato-Numata, Kaori'; Ueta, Yoichi?; Okada, Yasunobu'('Department
of Cell Physiology, National Institute for Physiological Sciences, Okazaki, Japan,

“Department of Physiology, School of Medicine, University of Occupational and
Environmental Health, Kitakyushu, Japan)

It is known that many types of mammalian cells can regulate their
cell volume after transient osmotic cell shrinkage under sustained
hyperosmotic conditions by the mechanism called the regulatory
volume increase (RVI). In contrast, it was reported that brain osmo-
sensory magnocellular neurons isolated from rat supraoptic nucleus
(SON) cannot exhibit RVI during hyperosmotic perturbation. In agree-
ment with this report, in the present study, the RVI event was not
observed in arginine-vasopressin (AVP) neurons selectively isolated
from the SON of AVP-enhanced GFP transgenic rats. In the presence
of flufenamic acid (FFA), however, a significant RVI was observed in
AVP neurons under sustained hyperosmotic stress. The RVI response
observed with FFA was completely inhibited by a stilbene-derivative
inhibitor of CI/HCO; anion exchanger (AE), DIDS, or an inhibitor of
Na*/H* exchanger (NHE), amiloride. Thus, it is concluded that brain
osmosensory AVP neurons possess the RVI ability which is masked
by some FFA-sensitive mechanism under normal conditions. No COL

Structural and functional analysis of TRPC6 for the
interaction with PKG I8

Honda, Akira; Inoue, Ryuji(The Department of Physiology, School of Medicine,
Fukuoka University, Fukuoka, Japan)

c¢GMP/cGMP-dependent protein kinase (PKG) signaling pathway plays
an important role in vasorelaxation. In this pathway, PKG plays a key
role of lowering the intracellular Ca?* level and/or Ca?** sensitivity of
contractile machinery by protein phosphorylation. However, the down-
stream of PKG is still poorly elucidated. Recently, we reported that a
transient receptor potential (TRP) non-voltage-gated cation channel,
TRPCS6, is a novel PKG substrate and negatively regulated via pho-
shorylation on its threonine 69 (Takahashi et al. J Physiol, 2008). Fur-
thermore, using yeast two-hybrid system to identify responsible bind-
ing domains in both TRPC6 and PKG type I proteins, we revealed that
two PKG subtypes, both PKG Ia and 18, interact with TRPC6 N-ter-
minal domain (the 87th annual meeting of the Physiological Society of
Japan, 2010), and that only PKG I showed the cGMP-dependent in-
teraction with TRPC6 N-terminal domain and acidic amino acids, lo-
cated in the leucine zipper region, are responsible for that interaction
(the 89th and 90th annual meeting of the Physiological Society of Japan,
2012 and 2013). In this study, to determine which amino acids are re-
sponsible for the interaction between the PKG I and TRPCS, series
of mutations are introduced to TRPC6 N-terminal domain, and protein
interaction between PKG and TRPC6 was examined by yeast two-hy-
brid assay. One mutant (K115E) showed the loss of interaction between
PKG If and TRPC6. This result indicates that basic amino acid locat-
ed in the ankyrin-like repeat domain of TRPC6 N-terminal region is
responsible for interaction with PKG If. No COL
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diDCP-LA-PE stimulates GLUT4 translocation to the
cell surface

Tsuchiya, Ayako; Kanno, Takeshi; Nishizaki, Tomoyuki(Division of
Bioinformation, Department of Physiology, Hyogo College of Medicine, Hyogo,
Japan)

The present study investigated the effects of the newly synthesized
phospholipid derivatives diDCP-LA-phosphatidylethanolamine (PE),
-phosphatidylserine (PS), -phosphatidylcholine (PC), and -phosphatidy-
linositol (PI), which contain the linoleic acid derivative DCP-LA at the
a and £ position, on GLUT4 trafficking.diDCP-LA-PE, diDCP-LA-PS,
diDCP-LA-PC, and diDCP-LA-PT activated most of the investigated
PKC isozymes, but diDCP-LA-PE alone significantly activated PKCA/1
and -{. diDCP-LA-PE, diDCP-LA-PS, and diDCP-LA-PI exhibited a
strong inhibition on PTP1B activity, while diDCP-LA-PC enhanced the
activity. diDCP-LA-PE stimulated GLUT4 translocation to the cell
surface in differentiated 3T3L1-GLUT4myc adipocytes, with the high-
est potential among the phospholipid derivatives, and the effect was
prevented by an inhibitor of PI3K, Aktl/2, or PKC or each knock-
ing-down. The results of the present study show that diDCP-LA-PE
stimulates GLUT4 translocation to the cell surface still in the absence
of insulin by upregulating insulin signaling along an insulin receptor/
insulin substrate 1 (IRS-1)/PI3K/Akt(1/2) axis as a result of suppress-
ing tyrosine dephosphorylation of insulin receptor and IRS-1 in asso-
ciation with PTPIB inhibition and by activating PKCA/1 and -{. No
COL

Characteristics of exogenous expression of ROMK K
channels with EGFP fused to the different terminus in
polarized and non-polarized membranes in cultured
M-1 cells

Kubokawa, Manabu'; Nakamura, Kazuyoshi'; Mayanagi, Taira?;
Sobue, Kenji2('Department of Physiology, School of Medicine, Iwate Medical
University, Yahaba, Japan, *Institute for Biomedical Science, Iwate Medical
University, Yahaba, Japan)

ROMK K channels in the apical membrane of renal collecting duct
plays a key role in potassium secretion to the urine. In this study,
ROMKI1 K channel gene (KCNI) with EGFP fused to N- or C-terminus
was exogenously transfected to cultured M-1 cells. We used two types
of culture conditions. One was single cells, and the other was confluent
M-1 cells on membrane inset with polarized apical membrane. Although
there was no appreciable difference in fluorescence intensity and the
localization between the cells with ROMKI1 fused to N-terminal EGFP
and to C-terminal EGFP in both single and confluent cells, frequency
of channel current observation was significantly different in single
cells. Namely, channel current is observed in 714 % of the cells trans-
fected ROMK1 with EGFP fused to N-terminus, and in 12.2 % of those
fused to C-terminus. However, in the confluent cells, channel current
was highly observed in the apical membrane of the cells with ROMK1
fused to either terminus (69.2 % and 66.7 % of EGFP fused to N- and
C-terminus, respectively). Since the fusion of EGFP to the specific
terminus may disrupt the role of the terminal function, it is suggested
that C-terminus of ROMKI is important for expression of channel
activity in single cells, whereas expression of channel activity in po-
larized apical membrane of M-1 cells required no specific terminal
functions of ROMKI1. No COL

Calcium holes: a novel PMCA-mediated mechanism
for calcium signaling
Shioya, Takao(Dept. Physiol. Fac. Med. Saga Univ. Saga, Japan)

Calcium ion is a versatile signaling molecule that regulates various
cellular functions. Accordingly, calcium mediates multiple signaling
processes concurrently in a single cell, owing to an unveiled cellular
machinery that encapsulates many different calcium signaling process-
es. Here, I propose the concept of “calcium holes” that provide an
encapsulated nano-environment for calcium signaling. A calcium hole
is a Ca?*-deficient nanodomain having a diameter of about 100 nm that
develops around a plasma membrane Ca®-ATPase (PMCA) molecule.
Ca*-extrusion by PMCA maintains the local Ca*-level in the calcium
holes lower than the global level, providing encapsulated intracellular
domains that are insulated from each other, and also from the bulk
Ca*-environment. Experimental evidence indicates that cardiac Na/
Ca exchanger (NCX) in whole-cell clamped mouse heart cells is regu-
lated by calcium holes. Selective inhibition of PMCA enhanced the
NCX current reflecting an elevated local Ca?*-level, without a change
in its reversal potential reflecting an unchanged global Ca?*-level. This
indicates the intracellular regulatory Ca?*-binding domain (CBD) of the
NCX senses the local Ca**-level in the calcium hole, of which the local
Ca*-level is elevated by the PMCA inhibition. Numerical simulation
of local Ca®*-diffusion predicts the diameter of a calcium hole to be
about 100 nm. The regulation of other calcium signaling molecules by
calcium holes and their relation to special membrane structures such
as lipid rafts are also discussed. No COL

GPRCG6A receptor is involved in amino acid-induced
glucagon-like peptide-1 secretion from GLUTag cells

Oya, Manami'; Kitaguchi, Tetsuya?; Tsuboi, Takashi'('Dep. of Life Sci,
Grad Sch. of Arts and Sci,Univ. of Tokyo, "WABIOS, Waseda Univ, Singapore)

Glucagon-like peptide-1 (GLP-1) is a peptide hormone secreted from
enteroendocrine L cells in response to dietary nutrients. However, the
precise molecular mechanisms by which dietary nutrients regulate
GLP-1 secretion from enteroendocrine L cells remains unclear.

In the present study, we used enteroendocrine L cell line GLUTag
cells to clarify molecular mechanism of GLP-1 secretion. First we
performed RT-PCR analysis and found that GPRC6A, which is a pu-
tative L-amino acids-sensing receptor, is expressed in GLUTag cells.
Live cell imaging and ELISA analysis revealed that L-ornithine, a
potent stimulus for GPRC6A, induces GLP-1 secretion from GLUTag
cells in a dose-dependent manner. To elucidate the intracellular sig-
naling responsible for L-ornithine-induced GLP-1 secretion from GLU-
Tag cells, we examined the effect of a GPRC6A receptor antagonist,
a phospholipase C inhibitor and an inositol triphosphate receptor an-
tagonist on L-ornithine-induced GLP-1 secretion. Application of those
antagonists significantly suppressed L-ornithine-induced GLP-1 secre-
tion from GLUTag cells. Furthermore, depletion of endogenous GPR-
C6A expression inhibited L-ornithine-induced GLP-1 secretion.
Taken together, these findings suggest that Gg-coupled receptor,
GPRC6A receptor functions as an amino acids sensor and regulate
L-ornithine-induced GLP-1 secretion from GLUTag cells. No COL
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Vesicular nucleotide transporter regulates ATP stor-
age in secretory lysosome in astrocyte
TSUBOI, Takashi'; OYA, Manami'; KITAGUCHI, Tetsuya?

(‘Department of Life Science, The University of Tokyo, Tokyo, Japan, *WABIOS,
Waseda Univ, Singapore)

Astrocytes have diverse roles including protection of neurons, regu-
lation of vesicular system and modulation of synaptic transmission. In
addition to responding to transmitters released from neurons, recent
studies have suggested that astrocytes themselves synthesize and
release gliotransmitters. However, the precise molecular mechanism
that regulates ATP secretion from astrocytes and the source of ATP
in astrocytes remains unclear. A vesicular nucleotide transporter
(VNUT)/ solute carrier family 17, member 9 (SLC17A9) has been
thought to regulate accumulation of ATP into vesicles. In the present
study, we found that VNUT was expressed in both primary cultured
cortical astrocytes and glioma cell line C6 cells, and mainly localized
in lysosome revealed by immunohystochemical analysis. Live cell im-
aging revealed that the fluorescent intensity of VNUT-associated se-
cretory lysosomes did not change after depolarization was induced.
This result indicates that the VNUT-associated lysosomes stay in
plasma membrane after lysosomal exocytosis. Inhibition of VNUT
activity by Evans Blue decreased the amount of ATP accumulation
into secretory lysosome. Furthermore, depletion of endogenous VNUT
expression by small interference RNA and inhibition of VNUT activ-
ity by Evans Blue decreased the amount of ATP release from astro-
cytes. Taken together, these findings suggest that VNUT plays a key
role in ATP accumulation into lysosome and ATP release via secreto-
ry lysosome in astrocytes. No COL

Transient vacuole formation induced by V-ATPase in-
hibitor-a hint of the mechanism of vacuole formation

Hiruma, Hiromi(Department of Physiology, Kitasato University School of
Medicine, Sagamihara, Japan)

We have previously shown that membrane-permeable weak bases
cause persistent vacuole formation and that individual vacuoles are
formed around a lysosome. Since the vacuole outside the lysosome was
weakly acidic and the inner lysosome was strongly acidic, we hypoth-
esized that vacuoles are formed by extrusion of accumulated free H*
and water from the lysosome. In this study, in order to clarify this
hypothesis in part, the vacuole formation was investigated after treat-
ment of Saos-2 cells with the V-ATPase inhibitor bafilomycin Al (Baf).
Time-lapse microscopy revealed that continuous treatment with Baf
caused the formation of vacuoles 15 min after the start of treatment,
and vacuoles diminished after 1 h. The individual vacuoles were formed
around the spherical organelles. These organelles were immunoreactive
for anti-lysosome-associated protein-2 antibody. Staining with amine-re-
active dye CFDA-SE indicated that vacuoles contained no protein. The
pH indicator Lysosensor Yellow/Blue staining showed that organelles
inside the vacuoles were strongly acidic and vacuoles were weakly
acidic. After vacuoles diminished, both organelles and cytosol were
weakly acidic. These results suggest that Baf-induced transient vacu-
oles are formed around lysosomes and the vacuole formation is caused
by extrusion of H* and water from the lysosome. Then H* in the ly-
sosomes is depleted by long-term inactivation of V-ATPase and H* in
the vacuoles diffuses to cytosol, leading to the equalized distribution
of H" among lysosomes, vacuoles and cytosol, which paralleled by
disappearance of vacuoles. No COL

Involvement of Ras-PI3K-mediated calcium signaling
in the regulation of endocytosis

Fujioka, Yoichiro'; Tsuda, Masumi?; Nanbo, Asuka’;

Hattori, Tomoe?; Saski, Junko*; Sasaki, Takehiko*;

Miyazaki, Tadaaki®; Ohba, Yusuke(Dep. of Cell Physiol., Hokkaido Univ.
Grad. Sch. of Med., *Dep. of Cancer Pathol., Hokkaido Univ. Grad. Sch. of Med.,

*Dep of Bioresources, Hokkaido Univ. Research Centre for Zoonosis Control., *Dep.
of Med. Biol., Akita Univ. Grad. Sch. of Med.)

We have reported that PI3K binds to activated Ras in the endosomes,
which is involved in the regulation of clathrin-independent endocytosis
and the incorporation of a range of substances. In this study, we ex-
plored the mechanism by which Ras is activated during endocytosis.
Using the FRET-based biosensor Cameleon, transient increases in the
intracellular Ca?** concentration were observed upon infection with
influenza viruses, which are known to enter host cells via endocytosis.
Because buffering of both intracellular and extracellular Ca** abolished
the virus-dependent Ras activation, Ca*" is responsible for the Ras
activation. We also revealed that the Ca®* elevation triggered RhoA
activation at the membrane. On the other hand, expression of dominant
negative form of RhoA inhibited such Ca?* oscillations, which hampered
subsequent virus entry and infection. Hence, RhoA and Ca?* constitute
a positive feedback loop, with RhoA not only being activated by Ca**,
but also inducing subsequent [Ca?']i elevation during virus infection.
Moreover, this signaling circuit was also found to participate in uptake
of other substances, including dextran and transferrin. Taken togeth-
er, the viruses may exploit signaling pathways reserved for physio-
logical substrate uptake, which is mediated by RhoA and calcium, for
their effective entry. No COL

Cytosolic chloride ion is a key factor in lysosomal
acidification and function of autophagy in human gas-
tric cancer cell

Hosogi, Shigekuni'?; Marunaka, Yoshinori'23; Niisato, Naomi';
Kusuzaki, Katsuyuki'; Miyazaki, Hiroaki'4('Dept. of Molecular Cell
physiology,Kyoto Prefectural University of Medicine, Kyoto, Japan, *Dept. of
Bio-Ionomics, Kyoto Prefectural University of Medicine, Kyoto, Japan, *Japan
Institute for Food Education and Health, Heian Jogakuin (St. Agnes) University)

The purpose of the present study was to clarify roles of cytosolic
chloride ion (Cl ) in regulation of lysosomal acidification (intra-lysosom-
al pH (pH,,)) and autophagy function in human gastric cancer cell line
(MKN28). The MKN28 cells cultured under a low Cl condition elevat-
ed pHlys and reduced the intra-lysosomal CI concentration ([Cl],,) via
reduction of cytosolic Cl concentration ([Cl].), showing abnormal accu-
mulation of LC3II and p62 participating in autophagy function (dys-
function of autophagy) accompanied by inhibition of cell proliferation
via G0/G1 arrest without induction of apoptosis. We also studied effects
of direct modification of H* transport on lysosomal acidification and
autophagy. Application of bafilomycin Al or EIPA elevated pH,, and
decreased [Cl],, associated with inhibition of cell proliferation via in-
duction of GO/GI arrest similar to the culture under a low CI condition,
however unlike low Cl condition application of the compound, bafilo-
mycin Al or EIPA, induced apoptosis associated with increases in
caspase 3 and 9 without large reduction of [Cl]. compared with low
CI condition. These observations suggest that the lowered [Cl]. pri-
marily causes dysfunction of autophagy without apoptosis via dysfunc-
tion of lysosome induced by disturbance of intra-lysosomal acidification.
No COL
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Poster Presentations
Environmental Physiology

Orexin contributes to feeding and drinking behaviour
induced by methamphetamine

lkoma, Yoko'; Kuwaki, Tomoyuki'; Ootsuka, Youichirou'2
("Department of Physiology Graduate School of Medical and Dental Sciences
Kagoshima University, Kagoshima, Japan, ?Centre for Neuroscience, Department of
Human Physiology, Flinders University, Adelaide *', SA, Australia)

Methamphetamine is an addictive drug and known to have anorectic
and hyperactive effect. Recently, orexin has been suggested to con-
tribute to drug addiction and rewarding. Orexin is a neuropeptide
localized in hypothalamus and is known to play an important role in
many physiological systems including feeding behaviour, motivation
and maintaining wakefulness. Therefore, we investigated whether
orexin contributed to changes in feeding and drinking (as a maker of
drug-seeking) behaviour in response to oral administration of meth-
amphetamine. In orexin knockout (KO) mice and their wild type (WT),
we provided methamphetamine containing drinking water (0.005%) for
21 days and measured food intake, drinking, body weight and locomo-
tor activity during the treatment. Methamphetamine treatment de-
creased food intake by 25+3% (n=6, P<0.05) during the first three days
of treatment in WT mice, but not in KO mice. Methamphetamine in-
creased the amount of drinking by 17+4% (n=6, P<0.01) in WT mice,
but not in KO mice. Larger amount of drinking indicate an increase
in drug-seeking behaviour, suggesting addictive effect of methamphet-
amine. These data suggest that orexin contributes to methamphet-
amine-induced anorectic and addiction. No COL

Effects of intracerebroventricular administration of
colchicine on oxytocin-mRFP1 expression in trans-
genic rats

Hashimoto, Hirofumi'; Matsuura, Takanori'; Yoshimura, Mitsuhiro’;
Ohkubo, Junichi'; Katoh, Akiko'2; Maruyama, Takashi’;

Ueta, Yoichi'('Department of Physiology, School of Medicine, University of

Occupational and Environmental Health, Kitakyushu, Japan, ’Department of
Otorhynolaryngology, National Kyushu Medical Center)

Colchicine blocks the axonal transport, resulting in peptide accumula-
tion in the cell body. Recently, we generated a transgenic rat that
expresses the oxytocin (OXT)-monomeric red fluorescent protein 1
(mRFP1) fusion gene in the hypothalamo-neurohypophysial system
(HNYS). In the present study, we investigated the effects of intracere-
broventricular (icv) administration of colchicine on OXT-mRFP1 ex-
pression in these transgenic rats. In vehicle-treated rats (controls)
OXT-mRFP1 fluorescence was observed in the HNS, including the
magnocellular neurosecretory cells of the supraoptic and the paraven-
tricular nuclei and the nucleus circularis, and posterior pituitary (PP).
Icv administration of colchicine caused marked increase of OXT-mRFP1
fluorescence in the hypothalamic MNCs, while decrease in the PP in
comparison with control rats. The OXT-mRFP1 fluorescence was not
observed in the ectopic area of neither controls nor colchicines-treated
rats. The expected changes of OXT-mRFP1 fluorescence in the HNS
after icv administration of colchicine indicate that OXT-mRFP1 fusion
protein may be transported by axonal flow and secreted from the PP
into the systemic circulation. The OXT-mRFP1 transgenic rats are
useful animal model to study dynamic changes of OXT in the HNS.
No COL

Hypergravity- and microgravity-induced plastic alter-
ation of the vestibular system and its countermeasure.
Morita, Hironobu'; Abe, Chikara'; Obata, Koji'; Tanaka,
Kunihiko®('Department of Physiology, Gifu University Graduate School of

Medicine, Gifu, Japan, *School of Health Sciences, Gifu University of Medical
Science, Seki, Japan)

The vestibular system is known to be highly plastic; thus, it is possible
that if animals or subjects are in different gravitational environment,
functions of the vestibular system are altered. To examine this, a series
of experiments were performed. Effects of hypergravity: The vestib-
ular-mediated pressor response and the vestibular-related motor skill
(measured by rotarod) were impaired, if rats were reared under 3 g
condition for 2 weeks. Effects of microgravity: The vestibular-mediat-
ed pressor response induced by head-up tilt was examined in two
astronauts before and after 4-month stay in International Space Station.
It was 16 mmHg before launch, but completely abolished at the 2nd
day of landing and 2 weeks after landing, but recovered by 2 months
after landing. Countermeasure: Not only the effect of microgravity but
also hypergravity on the vestibular system are due to the reduced
phasic input to the vestibular organs, since head movement-related
vestibular input was reduced to < 20% under 3 g condition. Thus,
externally applied vestibular stimulation might improve the vestibular
function. To examine this, galvanic vestibular stimulation (GVS; £50
uA biphasic square wave, 1 s duration) was applied throughout 2-week
hypergravity condition. GVS significantly improved the vestibular-me-
diated pressor response and rotarod skill. These results suggest that,
GVS can be used for a countermeasure to improve the vestibular
function seen in astronauts. No COL
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Candidate mechanism of skin vasodilation caused by
contact with high concentration-CO,-water in the
anesthetized rat

Hashimoto, Masaaki'; Yamamoto, Noriyuki2(!Lab Physiol, Dept Phys

Ther, Fac Med Sci, Teikyo Univ Sci, Tokyo, Jpn, *Dept Health Sci, Fuc Nurs, Jpn
Red Cross Hokkaido Coll Nurs, Kitami, Jpn)

Hot spring water containing high concentration (>1 g/L) carbon diox-
ide (CO,-hot spring) has long been applied to the patients of cardiovas-
cular diseases. The skin surface in the CO,-hot spring is covered with
small bubbles and its color turns red within several minutes of bathing
even at the water temperature less than 35 °C. The skin reddening is
reproducible by artificially made bath-water containing comparable
CO,-concentration to CO,-hot spring (CO,water) and is caused by
vasodilation followed by an increase in skin blood flow. Although skin
reddening is not obvious, the skin-vasodilation is observed in labora-
tory animal rats also. In this study, we investigated endogenous sub-
stances which might be involved in the mechanism of skin vasodilation
caused by soaking in CO,water. Experiment was performed using
male Wistar rats under urethane anesthesia. Control tap-water immer-
sion for 30 min followed by CO,water immersion for 30 min (water
temperature of about 35 °C) was repeated 2 times to confirm a repro-
ducibility of the response in each rat. Skin vasodilation during CO,-wa-
ter immersion was inhibited by treatment of cyclooxygenase inhibitor
indomethacin, but not by NOS-inhibitor L-NAME. Among vasodilatory
prostaglandins (PGE,, PGE,, PGL,), PGE, level increased by about 30%
in the homogenate of the skin removed from rat during CO,water
immersion. Local PGE,-production may be involved in the skin vaso-
dilation observed under this experimental condition. No COL

The role of TRPV1 that contribute to the thermal ef-
fects of immersion to the carbon dioxide-rich water
Nishimura, Naoki'; lwase, Satoshi'; Nishimura, Rumiko';

Uta, Daisuke?; Matsumoto, Takaaki®; Sato, Motohiko'('Department of
Physiology, Aichi Medical University, Nagakute, Japan, *National Institute for
Physiological Sciences, Department of Information Physiology, Okazaki, Japan,
3Chukyo University School of Health and Sport Science, Toyota, Japan)

Carbon dioxide-rich water (CO,) bathing have been used for balneo-
therapy of patients with hypertension or peripheral occlusive arterial
disease. We have previously reported that CO, bathing exerts thermal
effects than fresh water (FR) bathing. Currently, the modification of
the activities of skin warm and cold receptors by CO, application is
widely accepted. As a result, subjects feel a neutral sensation may be
lowered by 2°C during CO, bathing. The transient receptor potential
vanilloid 1 (TRPV1) is non-selective cation channel that can be activat-
ed by heat above 43°C and various chemical agonists are known in-
cluding such as capsaicin or H+. However, the mechanism of the action
of CO, on thermoreceptor has only been partially clarified in humans.
We examined the role of TRPV1 channel related to an increase in
thermal sensation when it was immersed into CO, of FR at 33°C after
capsaicin application to the skin of the forearm. Thermal sensation of
immersion into the CO, was higher about 30% than immersion into
the FR. These results suggest that the CO, might have activated the
TRPVI1. We also report changes in thermal sensation of immersion
into the CO, when it inhibits the activity of sodium channels by 5% of
lidocaine application to the skin. No COL

Physiological responses to passive heating in young-
er and elderly

Saito, Masahisa; Daikoku, Eriko; Shiraiwa, Yuka; Yamaiji, Junko;
Kubota, Takahiro(Dept. Physiol., Osaka Medical College, Takatsuki, Japan)

One older (aged 59 years) and two younger (aged 22 and 24 years)
healthy men were exposed to a standard heat stress. These subjects
sat in a controlled environment at ambient temperature 35.1+0.3°C
and relative humidity 48.9+7.2% to be received the heat stress placing
the lower legs and feet in a water bath at 42°C, for 60 min. The ear-
drum temperature (ET) in both the older and younger men increased
during passive heating. But ET at the last 30 min of younger men
were lower than that of the older. These stress increased the local
sweat rates (LSR, mg/cm2/min) on thigh and chest for both the older
and the younger men, but induced no differences between two groups
for LSR. Systolic and diastolic blood pressure (mmHg), mean arterial
pressure (mmHg), and heart rate (beats/min) changed similarly be-
tween the older and younger men during passive heating. Now, we
are trying to increase the number of observations, and to measure the
inflammatory cytokines. No COIL

Effects of lumbar warming on dysmenorrheal pain and

uterine blood flow

Nakamoto, Miki; Igi, Chihiro; Nishimura, Yukako;

Yamamoto, Megumi; Arakawa, Mayu; Hosono, Takayoshi(Dept
Biomedical Engineering, Grad Sch Osaka Electro-Commun Univ, Shijonawate,
Osaka, Japan)

More than 80% of menstruating women complain of dysmenorrheal
pain, which is mainly caused by pain-producing substances in the
uterine endometrium. Warming the lower abdominal or lumbar region
is known to relieve dysmenorrheal pain. Especially, a heat and
steam-generating sheet (HSG) which warms the attached skin area to
around 40 °C for 5-8 hours is effective for dysmenorrheal pain relief.
However, the mechanism of this pain relief is still unknown. The aim
of this study was to clarify the mechanism by investigating pain relief
and uterine blood flow, which may remove pain-producing substances.
Seven university students (mean: 21.7 = 0.3 yrs old) were included in
this study. On the second or third day of menstruation, each subject
applied an HSG sheet of 54 cm? to her lower lumbar region for 60 min.
We measured velocities of uterine blood flow using ultrasound Doppler
flowmetry every 15 min. We detected maximum (Vmax) and minimum
(Vmin) velocities and evaluated the resistance index, RI=(Vmax-Vmin)/
Vmax, which is known to reflect peripheral vascular resistance. The
subjects also self-rated dysmenorrheal pain using numerical rating
scale (NRS), from 0 to 10, at the same time as flowmetry. Five of the
subjects experienced pain relief within the 60-min warming. The RI
also decreased in all subjects. However, no marked correlations were
observed between the RI and NRS. There may be no association
between pain relief and a uterine RI decrease. No COL
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Effect of hyperthermia on adult rats after neonatal hy-
poxic-ischemic encephalopathy on learning ability
Nishimura, Yukako; Hosono, Takayoshi(Department of Biomedical

Engineering, Graduate School of Osaka Electro-Communication University, Osaka,
Japan)

A maternal body temperature higher than 38.5°C is known to be one
of the most serious risk factors worsening the prognosis in human
neonatal hypoxic-ischemic encephalopathy (HIE). However, its effects
on learning ability after growth have not been clarified. We investi-
gated the effect of hyperthermia after neonatal HIE on the learning
ability of an adult rat model. The left carotid artery of 7-day-old rats
was ligated under anesthesia. After 1-h recovery, all rats were exposed
to 8% oxygen at an ambient temperature (Ta) of 40°C for 15 min, and
then placed in a chamber with Ta of 40°C (n=10; H group). A sham
group (n=6; S group) was also established. Eleven to twelve weeks
after the operation, the learning ability of the rats was assessed using
a step-down passive avoidance test. Before measurement, we decreased
the rats’ body weight by 15% by fasting. On the first day of measure-
ment, rats were placed on an insulated rubber platform onto a met-
al-grid floor. Once the rats stepped onto the floor, they experienced
discomfort via an electrical shock to the foot. We performed this
procedure until the rats no longer stepped down onto the floor. The
interval between rats moving from the rubber to metal floor was
measured once a day for the next three days. On the last day of mea-
surement, although the S group rats stayed on the rubber floor for
595 sec, the H group rats stepped onto the floor after an interval of
181 sec. This indicates a higher hyperthermia in labor with HIE may
result in a restricted learning ability after growth. No COL

Comparison of average changes in brain level blood
pressure between SHR and WKY rats during acceler-
ation stress

Maruyama, Satoshi'; Nishida, Yasuhiro?(*Aeromedical Laboratory,
JASDF, Tokyo, Japan, *Department of Physiology, Natl Def Med Col, Saitama,
Japan)

Gz stress greatly affects normal blood circulation in the brain and
causes loss of consciousness. Increased aortic valve blood pressure
imparts a protective effect against Gz stress. Hypertension involves
higher aortic valve blood pressure, but blood pressure regulation is
different from normotension. We hypothesized that hypertension is
not an advantageous factor against sustained Gz and estimated the
effect of nifedipine on blood pressure during Gz loading in hypertensive
rats. We used male spontaneously hypertensive rats (SHR) and Wistar
Kyoto (WKY) rats. The SHR were randomly allocated to the nontreat-
ment (nSHR) and treatment (tSHR) groups. The tSHR were adminis-
tered 0.1% nifedipine diet for 2 weeks. Blood pressure at the level of
the brain (APLB) and heart rate (HR) were continuously measured
during Gz loading using a centrifuge for small animals. The mean
APLB was significantly higher in the nSHR and tSHR than the WKY
rats before centrifugation, and the mean APLB was lower in the tSHR
than the nSHR. During +5 Gz loading, average changes in APLB was
significantly higher in the nSHR than in the tSHR and WKY rats;
however, no significant difference was observed between these chang-
es in the tSHR and WKY rats. No significant difference was observed
in HR between both groups. These results suggest that APLB decreas-
es easier in the hypertensive rat than in the normotensive rat during
Gz loading, and this is improved by care for hypertension. Hypertension
is not an advantageous factor against Gz loading. No COL

Changes in cerebral and muscle oxygenation during
normoxic and hypoxic exercise.

Masuda, Atsuko'; Yokoi, Mari'; Sakakibara, Yoshikazu?;
Masuyama, Shigeru2('Medical Education Center, Faculty of Health Science,
Ryotokuji University, Chiba, Japan, *Department of psychological informatics,
Kanazawa Institute of Technology, Kanazawa, Japan, *Travellers Medical Center,
Tokyo Medical University Hospital, Tokyo, Japan)

The purpose of this study was to examine the influence of acute hy-
poxia and exercise on oxygenation responses in brain and exercise
muscle. Ten male judo athletes performed an incremental treadmill
exercise for 6 minutes while breathing room air (normoxia) and hy-
poxic gas (F1I02=0.112). Near-infrared spectroscopy (NIRS) was used
to monitor concentration changes of oxy- and deoxyhemoglobin
(d[O2Hb], d[HHb]) in the both right frontal cerebral cortex and left
vastus lateralis muscle. Change in total Hb (d[THb]=d[O2Hb]+d[HHD])
and was used as an index of the change in regional blood volume. Both
during normoxic and hypoxic exercise, d{O2Hb] and d[THb] in cerebral
and muscle, after initial dip, increased steadily afterwards. Increment
in d[O2Hb] in both tissues at normoxia was greater than that during
hypoxia and a significant difference was detected earlier in muscle
tissue than in cerebral tissues. On the other hand, increment in d[THb]
in both tissues at hypoxia was greater than that at normoxia and a
significant difference was detected earlier in muscle tissue than cere-
bral tissue. These findings would suggest that dysoxygenation in brain
as well as muscle was compensated by relatively preserved blood flow
and that brain maloxygenation in brain tissue might be one of the
exercise limiting factors during hypoxic condition. No COL

In utero exposure to hydroxylated polychlorinated bi-
phenyl induces hyperactivity in adult male mouse off-
spring

Haijima, Asahi; Shimokawa, Noriaki; Takatsuru, Yusuke; Amano,
lzuki; Lesmana, Ronny; Koibuchi, NoriyuKi(Dept. Integrative Physiol.,
Gunma Univ. Grad. Sch. Med., Gunma, Japan)

Polychlorinated biphenyls (PCBs) are recognized as persistent envi-
ronmental pollutants that can affect neurobehavioral development.
Here, we determined whether iz utero or lactational exposure to hy-
droxylated-PCB 106 (OH-PCB 106; 4-hydroxy-2',3,3 4’5 -pentachlorobi-
phenyl) affects the spontaneous locomotor activity in adult male mouse
offspring. For in utero exposure, pregnant C57BL/6] mice received
corn oil vehicle, 0.05 or 0.5 mg/kg b.w. of OH-PCB 106 via gavage
every second day from gestational day 10 to 18. For lactational expo-
sure, dams received corn oil vehicle, 0.05 or 0.5 mg/kg b.w. of OH-PCB
106 via gavage every second day from postnatal day 3 to 13. After
male mice offspring reached adulthood, their spontaneous locomotor
activity in the home cage and open field were evaluated. Prenatally
OH-PCB 106 -exposed mice showed significantly increased spontaneous
locomotor activity compared to the control group both in the home
cage and open field. Conversely, lactational exposures to OH-PCB 106
had no significant effects on the spontaneous locomotor activity under
such conditions. These results suggest that the neurotoxic effects of
OH-PCB 106 exposure may be different depending on the period of
exposure, and in utero OH-PCB 106 exposure can induce hyperactiv-
ity in adult male mouse offspring. No COL
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Effects of nursing on PER2:LUC rhythm in mouse
mammary tissue and endocrine organs

Yoshikawa, Tomoko'?; Jia, Shu Sheng??, Honma, Sato?;

Honma, Ken-ichi?('Photonic Bioimaging Section, Hokkaido University Graduate
School of Medicine, Sapporo, Japan, *Department of Chronomedicine, Hokkaido
University Graduate School of Medicine, Sapporo, Japan, *Department of Breast
Surgery, The Third Affiliated Hospital of Harbin Medical University, Harbin,
China)

Mammalian circadian system consists of master and peripheral circa-
dian clocks. The master clock is located in the hypothalamic suprachi-
asmatic nucleus and the peripheral clocks are found in many organs
throughout the body. Current understanding is that the master clock
entrains the peripheral clocks. The entraining signals contain neural
and humeral signals, body temperature, activity and possibly many
others. For nursing females, suckling behavior of pups may act as the
time cue for the circadian clocks in endocrine organs related to nurs-
ing. In the present study, we examined the effects of nursing on cir-
cadian rhythm in the mammary tissue, pituitary gland and ovary by
using Period2:Luciferase knock in mouse. Nursing dams were deprived
from their pups for 6 hours during the first half of the day from lac-
tating day1l (L1) to L7. The tissue samples were collected from nursing
dams on L7, and bioluminescence was recorded from the cultured
tissues to analyze PER2:LUC rhythm. In non-deprived control mam-
mary tissue, anterior and posterior pituitaries showed the peak phase
of the rhythm at early night, while the ovary had the peak somewhat
earlier. In the deprived group the phase of the anterior pituitary was
significantly advanced. This result suggests that nursing pattern is a
time cue for the circadian clock in the anterior pituitary. No COL

Effects of daily exercise and mental stress on forearm
endothelial function in male and female university stu-
dents

Chen, Xin; Fujiwara, Yurika; Yamamoto, Sachiho; Tanaka, Aoi;
Kumano, Yuri; Takamata, Akira; Morimoto, Keiko(Dept. Environmental
Health, Facult. Human Life and Environmental Sci., Nara Women's Univ., Nara,
Japan)

Mental stress or physical inactivity is a risk factor for atherosclerosis.
The underlying mechanisms are not clearly known, but endothelial
function could be involved. We examined the effects of daily exercise
and mental stress on endothelial function of brachial artery using echo
and Doppler ultrasound in male and female university students. Young
healthy subjects were subjected to mental stress evoked by the mod-
ified STROOP Color-Word Test (CWT) in 10 min. They underwent
reactive hyperemia (RH) for flow-mediated dilation (FMD) and maximal
increase in blood flow (%) assessments before and at 5 min after the
CWT. In addition, 5-min hand-grip exercise (HGEX) was performed for
the estimation of FMD response to HGEX-induced increase in shear
stress. The basal level of FMD in RH was higher in the exercise group
compared with the sedentary group in men, but not in women. The
CWT induced a slight vasoconstriction and a reduction of blood flow
in brachial artery. However, there was no significant difference among
men and women, or among the exercise and sedentary groups. FMD
in RH was increased at 5 min after CWT compared with the basal
level only in the exercise group of men, but not in another groups. In
addition, FMD in HGEX was higher in the exercise group compared
with the sedentary group in men. These findings suggest that daily
exercise had beneficial effects on forearm endothelial function at the
basal condition and recovery phase from mental stress in men. No COL

Central ketone bodies regulate sleep homeostasis in
mice

Chikahisa, Sachiko; Shimizu, Noriyuki; Shiuchi, Tetsuya;

Sei, Hiroyoshi(Department of Integrative Physiology, Institute of Health
Biosciences, The University of Tokushima Graduate School)

The ketone bodies are generated from the breakdown of fatty acids,
and they are major metabolic fuels for the brain under conditions of
low glucose availability. Ketogenesis is known to be modulated by the
activity of peroxisome proliferator activated receptor alpha (PPARa).
In our previous study, treatment with a PPAR activator has induced
a marked increase in plasma acetoacetate (AcAc) and decreased f-hy-
droxybutyrate (BHB) in mice, accompanied by increased slow-wave
activity (SWA) during non-rapid eye movement (NREM) sleep. In the
present study, we have investigated the role of ketone bodies in the
sleep regulation. Six-hour sleep deprivation increased plasma ketone
bodies. Moreover, sleep deprivation increased mRNA expression of
ketogenesis such as PPARa and 3-hydroxy-3-methyl- glutarate-CoA
synthase 2 (Hmgcs2) in the brain and decreased ketolytic enzymes
such as succinyl-CoA: 3-oxoacid CoA transferase (Scot). Additionaly,
central injection of AcAc, but not BHB, markedly increased SWA
during NREM sleep and suppressed glutamate release. These results
suggest that central metabolism of ketone bodies (especially AcAc)
play a role in the regulation of sleep homeostasis. No COL

Physiological responses when viewing aquarium fish-
es and their changing movement activities

Ichinose, Mitsuyuki; Maeda, Takuya; Matuura, Tetsuyu(Faculty of
Engineering, Twate University, Morioka, Japan)

In order to investigate physiological effects of viewing aquarium fish-
es, we measured EEG and heart rate. Subjects were young healthy 4
men. A kind on goldfish, Ryukin was kept in plastic aquarium (29x30x34
cm), which was placed 1 m in front of a subject in an experimental
room. To induce behavior change of fishes, bait was dropped two times
2.5 minute interval. Comparing to EEG during watching a white board,
amplitudes of a and f band were suppressed during viewing aquarium
fishes. When bait was dropped into the aquarium, goldfishes took the
bait and activity of their movement was increased. When the feeding
motion was activated, amplitudes of a and f band were suppressed
much more at that time. The suppression suggested that neural ac-
tivity of Fz was reduced by watching fishes and more effectively
watching active motion. Slope of power spectral density (PSD) of EEG,
which showed averaged neural activities between 6 to f band, in-
creased negatively in Fz and O2 of two subjects during viewing
aquarium fishes. This meant that viewing aquarium fishes reduced
activity of frontal and occipital neural activity. In other two subjects,
a reduction in slope of PSD on Fz was also suppressed, suggesting
that frontal activity was not stimulated relatively comparing to 02, as
a representative of the occipital area, which corresponded to the visu-
al cortex. These data suggested that viewing aquarium fishes rested
general neural activity of subjects, namely leading to relaxation in
feelings, though neural activity in visual sensory system should be
activated because of watching goldfishes. No COL
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Chronic exposure of extremely low-frequency magnet-
ic field stimulates aldosterone secretion in H295R cell
Kadoriku, Fumiya'2; Kawata, Shiyori'?; Kitamura, Mitsuo’;
Kitaoka, Kazuyoshi' (! Department of Physiology, Institute of Health

Biosciences, The University of Tokushima Graduate School, Tokushima, Japan,
Student Lab, The University of Tokushima, Faculty of Medicine, Tokushima, Japan)

An extremely low-frequency magnetic field (ELF-MF) is generated by
power lines and household electrical devices. Many studies have in-
vestigated whether ELF-MF has biological effect using cell line, animal
model, human subject, and epidemiological study, but the effects remain
controversial. We previously reported that chronic ELF-MF exposure
is increased plasma corticosterone and aldosterone without enhance-
ment of hypothalamic-pituitary-adrenal axis in mice. Also in vitro,
corticosterone and aldosterone secretion was increased significantly
by 24 h ELF-MF exposure in mouse adrenal cortex-derived Y-1 cell.
These previous studies suggest the possibility that chronic ELF-MF
exposure affects the adrenal stroidgenesis also in humans. In the
present study, we carried out chronic (6h, 12h, 24h, and 48h) ELF-MF
exposure (1.5 mT intensity) to human adrenal cortex-derived H295R
cell and estimated the effect for adrenal steroid biosynthesis. As the
results, 12 and 24 h ELF-MF exposure significantly stimulates aldoste-
rone secretion in H295R cell. On the other hand, the secretion of cor-
tisol did not affect significantly. The results suggest the possibility that
chronic ELF-MF exposure stimulates steroidgenesis in zona glomer-
ulosa, not zona fasciculate of adrenal gland in humans. No COL

Exploration of the mechanism for extremely low-fre-
quency magnetic field-induced adrenal steroids
up-regulation in Y-1 cell

Kawata, Shiyori'?; Kadoriku, Fumiya'?; Kitamura, Mitsuo’;

Kitaoka, Kazuyoshi'(!Department of Physiology, Institute of Health

Biosciences, The University of Tokushima Graduate School, Tokushima, Japan,
Student Lab, The University of Tokushima Faculty of Medicine, Tokushima, Japan)

Extremely low-frequency magnetic field (ELF-MF) is generated by
power lines and household electrical devices. Many studies have in-
vestigated biological effect of ELF-MF by using human subjects and
experimental animals. However, the effect remains controversial. We
previously reported that chronic ELF-MF exposure was increased
plasma corticosterone level and depression-like behavior without en-
hancement of hypothalamic-pituitary-adrenal axis in mice. In vitro, the
synthesis of corticosterone was also increased in mouse adrenal cor-
tex-derived Y-1 cell by 24 hours ELF-MF exposure. However, the
mechanism is unknown at present. Some reports indicate that ELF-MF
affects various cellular processes via reactive oxygen species (ROS)
production. In this study, we measured intracellular ROS in ELF-MF
treated (1.5mT intensity) Y-1 cell to reveal how the up-regulation of
corticosterone synthesis was elicited. As the results, 24 hours ELF-MF
treated Y-1 cells showed the decrease of intracellular ROS compared
with sham-treated control. Our evidence suggests the possibility that
the ROS-scavenging mechanisms are involved in the up-regulation of
adrenal steroids synthesis. No COL

Changes of systemic arterial pressure,common carot-
id arterial flow and heart rate after onset of 90 de-
grees head-up tilt in anesthetized young rats
Nishimura, Hironobu'?; Yamasaki, Masao?; Ito, Yasuhiro?;

Nomura, Hiroko3('Graduate Student of Master Course, Depat. of Physiol. and
Med., Graduate School of Health Sciences, Fujita Health Univ., Dept. of Physiol.
and Med., Graduate School of Health Sciences, Fujita Health Univ., *Dept. of
Physiol. and Pathophysiol., Graduate School of Health Sciences, Fujita Health
Univ.)

We previously reported the initial changes of the systemic arterial
blood pressure (BP), the blood flow in the common carotid artery (BF)
and the heart rate (HR) after onset of 90° head-up tilt (HUT) from
supine position. To elucidate these initial changes and the role of
baroreflex during HUT for 30 min in anesthetized young rats (urethane,
1.0-1.5 g/kg), we measured the BP, BF and HR by analog-digital re-
cording system (MP-36; Biopac, USA). Under anesthesia, we inserted
a catheter into a right common carotid artery toward the heart for BP
measurement, attached a probe of ultrasound flowmeter (T206; Tran-
sonic, USA) to an artery for BF, and placed ECG electrodes on a
subcutaneous of a chest for HR. After onset of HUT, BP and BF im-
mediately decreased to 86494 mmHg and 2.96+0.45 ml/min at 2.7+0.7
sec, respectively, compared with the values under supine before HUT
(102+10.1 mmHg, 3.82+0.65 ml/min; n=6, p<0.01). Both of traces in BP
and BF turned to the values before HUT, and the average of HR
slightly increased. These results indicated that the initial changes in
BP and BF produced by the hydrostatic pressure gradient due to HUT
were similar to those in the adult rats. From the viewpoint of HR
change in each animal, it was unclear that the baroreflex work active-
ly. No COL

Responses of serotonin release in the central nucleus
of the amygdala to cutaneous pinching of rats- Contri-
bution of type 1 and 2 corticotropin releasing recep-
tors in the dorsal raphe nucleus

Tokunaga, Ryota'; Takagi, Noriaki'; Shimoju, Rie23;

Shibata, Hideshi# Yamaguchi, Rie4 Kurosawa, Mieko'2(*Physical
Ther., Health & Welfare Sci., Intl. Univ. Grad. Sch. Health & Welfare, Tochigi,
Japan., *Center Med. Sci., Intl. Univ. Health & Welfare, Otawara, Japan, *Dept.

Physical Ther., Intl. Univ. Health & Welfare, Otawara, Japan, *Lab. Veterinary
Anatomy, Fac. Agriculture, Tokyo University of Agriculture and Technology)

We have shown that responses of serotonin (5-HT) release in the
central nucleus of the amygdala (CeA) to cutaneous pinching were
abolished after administration of a non-selective corticotropin releasing
factor (CRF) receptor antagonist, a -helical-CRF (9-41), into the dorsal
raphe nucleus (dRN) in anesthetized rats. In the present study we
aimed to define the contribution of both typel and type2 CRF receptors
in the dRN to the responses, with use of selective typel and type 2
CRF receptor antagonists. A coaxial microdialysis probe was stereo-
taxically implanted in the CeA and perfused with modified Ringer’s
solution at a speed of 1 ul/min in anesthetized rats. Pinching was
applied to the back for 10 min. After vehicle injection into the dRN,
pinching increased the 5HT release. The responses of 5-HT to pinching
were abolished after injection of antisauvagine-30 (ASV-30), a type 2
CRF receptor antagonist, while those were not influenced by injection
of antalarmin, a type 1 CRF receptor antagonist. These results suggest
that responses of 5HT release in the CeA to cutaneous pinching are
mediated via the type 2 CRF receptors in the dRN. No COL
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Poster Presentations
Drug Actions

Evaluation of muscarinic actions of the antipsychotic
clozapine and its metabolite N-desmethylclozapine
by using cultured hippocampal neurons

Sugawara, Yuto; Ohno-Shosaku, Takako(Fac. Health Sci. Kanazawa
Univ., Kanazawa, Japan)

Clozapine is a unique antipsychotic drug, and has been used for treat-
ment-resistant schizophrenic patients. Clozapine and its active metab-
olite, N-desmethylclozapine (NDMC), interact with various types of
neurotransmitter receptors. Recent biochemical studies suggested that
NDMC exhibits M, muscarinic agonist action, which is unique and not
shared by any other antipsychotics. However, direct electrophysiolog-
ical evidence for the muscarinic action of NDMC on intact neurons has
been scanty. In rat cultured hippocampal neurons, we previously re-
ported that application of a muscarinic agonist, oxotremorine-M (oxo0-M),
induced suppression of the basal outward K* current at -40 mV in a
PLC-dependent manner. In the present study, we examined agonist-an-
tagonist properties of NDMC and clozapine using this muscarinic re-
sponse. The oxo-M-induced suppression of K* current was sensitive
to both 0.1 uM pirenzepine (M, antagonist) and 3 nM DAU5884 (M,
antagonist), indicating involvement of M,/M; muscarinic receptors.
NDMC suppressed the K* current, which was reversed by the mus-
carinic antagonist atropine. Clozapine was much less effective in sup-
pressing the current. Next, antagonist actions were examined by using
ox0-M. The effect of oxo-M was reversed partially by NDMC, and more
strongly by clozapine. Coapplication of NDMC and clozapine exhibited
weak agonist and strong antagonist actions. These results indicate that
NDMC alone can act as muscarinic agonist, but its agonist action is
suppressed by the antagonistic action of clozapine when the both co-
exist. No COL

Mesenchymal stem cells ameliorate central and pe-
ripheral neural pathologies in mice with spinocerebel-
lar ataxia type 1

Nakamura, Kazuhiro; Hirai, Hirokazu(Department of Neurophysiol, Gunma
University Graduate School of Medicine, Maebashi, Gunma, japan)

Spinocerebellar ataxia type 1 (SCA1) is a devastating neurodegenera-
tive disorder caused by the expansion of a polyglutamine tract in the
ataxin-1 protein. We found that intrathecal injection of only 3 x103
MSCs significantly mitigated the cerebellar and spinal cord pathologies
seen in SCAl-transgenic (SCA1-Tg) mice. Although the Purkinje cells
(PCs) of 24-week-old non-treated SCA1-Tg mice displayed a multi-lay-
er arrangement and dendritic atrophy, MSCs-injected SCA1-Tg mice
displayed mono-layer PCs and well-developed dendrites. Furthermore,
MSCs injection partially restored delayed nerve conduction velocity
in spinal motor neurons in SCAl-knock in mice. Finally, behavioral
tests demonstrated that intrathecal injection of MSCs normalized
deficits in motor coordination in SCA1-Tg mice, which was replicated
by an intrathecal and following intravenous injections of MSCs-condi-
tioned medium. Thus, MSCs likely exert their trophic effects in a
paracrine manner and future studies determining the trophic factors
would be worth a try to develop a treatment for SCA1 patients. No
COL

Lansiumamide B and SB-204900 isolated from Clau-
sena lansium inhibit histamine and TNF-a release
from RBL-2H3 cells

Matsui, Takuya'; Shiono, Hiroyuki'; Ito, Chihiro?; Itoigawa,
Masataka®; Masubuchi, Satoru’('Department of Physiology, Aichi Medical
University, Aichi, Japan, *Faculty of Pharmacy, Meijo University, Aichi, Japan,
*Faculty of Human Wellness, Tokai Gakuen University, Aichi, Japan)

Aims Mast cells play a central role in allergic and chronic inflammation.
Extracts from Clausena lansium (Lour.) Skeels (Rutaceae) possess many
pharmacological effects including anti-inflammatory, anti-oxidant, an-
ti-cancer, and anti-trichomonal activities. In addition, the leaves and
fruit are used in Chinese folk medicine. We have isolated and identified
four known cinnamamides from this plant: lansiumamide C, lansamide
I, lansiumamide B, and SB-204900. However, the biological activities of
these compounds are not yet understood. The purpose of this study
is to clarify the pharmacological effects of these compounds on mast
cells. Methods We measured inflammatory molecules in A23187-stim-
ulated rat basophilic leukemia cells (RBL-2H3) treated with these
compounds using HPLC, ELISA, and immunoblotting methods. In
addition, some signaling molecules were investigated by immunoblot-
ting. Results Lansamide I, lansiumamide B, and SB-204900 significant-
ly decreased histamine release. Furthermore, lansiumamide B- and
SB-204900-treated cells also reduced the protein and/or mRNA levels
of TNF-a. Although IL-6 protein expression on lansiumamide B- and
SB-204900-treated cells were not detected, their compounds tended to
reduce its mRNA levels. SB-204900 markedly suppressed the phos-
phorylation of p38 MAPK. Conclusion Our findings suggest that lan-
siumamide B and SB-204900 attenuate mast cell-induced inflammation.
No COL
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Triptolide suppresses the adjuvant-arthritis in rats.
Saito, Hiroyuki; Ishikawa, Shintaro; Asano, Kazuhito;

Gomi, Norihiro; Hisamitsu, Tadashi(Department of Physiology, School of
Medicine, Showa University, Tokyo, Japan)

Various extracts of the Chinese herbal medicine Tripterygium wilfor-
dii Hook. f. (TWHF) have been reported to be therapeutically effective
for rheumatoid arthritis (RA) in China, but their action mechanism has
not been understood. Although triptolide, a diterpenoid triepoxide from
TWHEF, suppresses the inflammatory cytokine production in vitro, the
influence of triptolide on immune system is not fully understood well.
The present study, therefore, was designed to examine the effects of
triptolide on cytokines production in vitro and in vivo by using adjuvant
arthritis rats.The first part of these experiments was designed to
examine the effects of triptolide on arthritis rats. Adjuvant arthritis
was induced in male Wistar rats by a single subcutaneous injection of
0.1 mL complete Freund's adjuvant into hind paw. Arthritis rats were
injected intraperitoneally with various doses of triptolide once a day
for 1 week, starting one week after adjuvant injection. The minimum
concentration of triptolide, which caused significant suppression of paw
swelling, was 0.1 mg/kg. The second part of these experiments was
carried out to measure the ability of cytokine production, and tran-
scription factor about the cytokine production by lienal lymphocytes
from the arthritis rats which were treated with triptolide. Triptolide
caused suppression of IL-18 production in lymphocytes which was
activated by Concanavalin A.These data suggest that the therapeutic
effects of TWHF in RA are in part due to the novel chondroprotective
effects of triptolide via suppression of IL-15 production. No COL

Effect of glucosamine on MMP production of the fi-
broblast cells derived from the osteoarthritis knee

Gomi, N.; Asano, K.; Saito, H.; Yoshida, N.; Suga, H.; Hisamitsu, T.
(Dept. Physiol, Sch. Med, Showa Unv. , Tokyo, Japan)

Osteoarthritis of the knee (knee OA) is one of the important diseases
in the field of orthopedics. Recently it was reported that glucosamine
might be effective for knee OA. Extracellular matrix splitting enzyme
(MMP) which is produced by inflammatory cell, synovia cell and car-
tilage cell has the important role for alteration of articular cartilage.
This study was examined the effect of glucosamine hydrochloride (GH)
on MMP production in the knee OA fibroblasts.The subjects were five
cases knee OA patients who visited for total joint replacement surgery
at Showa University hospital. In the experiment, the separated fibro-
blasts from articular synovial tissue collected at the time of surgery
were used. The first part of these experiments was designed to obtain
the optimal concentration of TNF-a on the fibroblasts. In the second
part of these experiments, MMP mRNA expression in the presence
of GH was measured using RT-PCR method, and TIMP production,
TNF-a-dependent MMP and transcription factor in the presence of
GH were measured using ELISA methods.As the results of stimulation
with TNF-a (2.5ng/ml) fibroblasts, MMP in the culture supernatant
(MMP-2, MMP-3 and MMP-13) levels were significantly increased. GH
(1.0mg/ml) inhibited TNF-a dependent MMP production of fibroblast
cells, and had no effect on TIMP production. Then GH decreased NF-
kB production and MMP mRNA expression in TNF-a dependent.GH
showed the production of MMP inhibitory effect on articular cartilage
degeneration. It was suggested that GH intake was useful for QOL
improvement of the knee OA patients. No COL

Effects of Herbal Medicines in Rats with Chronic
Constriction Injury ~ Comparative Study of Yokukan-
san and Kamishoyosan

Suga, Hiroki; Sunagawa, Masataka; lkemoto, Hideshi; Gomi,

Norihiro; Saito, Hiroyuki; Hisamitsu, Tadashi(Dept. Physiol.,Sch.
Med.,Showa Univ., Tokyo,Japan)

Chronic pain causes stress and psychiatric symptoms, such as anxiety
and depression,; therefore, it is necessary to provide mental health care
in association with pain management. Kamishoyosan (KSS) is used to
treat neuropsychiatric symptoms. Recently, yokukansan (YKS), which
contains a formula similar to KSS, has been reported to be effective
against pain disorders, such as headaches and chronic pain. In this
study, the effects of these medicines on neuropathic pain and stress
caused by pain were investigated using Chronic Constriction Injury
(CCI) model rats. The CCI model rats were prepared according to the
model of Bennett. Two weeks after a surgery, a decrease in the me-
chanical withdrawal threshold was confirmed in the CCI rats using
the von Frey Test; the drugs had been administered for this two-week
period. Four weeks post-operatively, the levels of plasma corticosterone
(Corti) and chromogranin A (CgA), markers of mental stress, signifi-
cantly increased in the CCI rats. Moreover, the pain threshold signifi-
cantly decreased and the activation of spinal astrocytes, which are
involved in the expression of chronic pain, was observed. The increase
in the levels of Corti and CgA was significantly suppressed by the
administration of YKS and KSS. However, the activation of astrocyte
was controlled and the decrease in the pain threshold was reduced
following the administration of YKS only. We conclude that treatment
with YKS effectively reduces both neuropathic pain and the stress
caused by pain. No COL

Suppressive effect of Hochuekkito on lung metastasis
of B16 melanoma cells in mice
Yoshida, Yuri; Tamaki, Misako; Ishikawa, Shintaro; Yoshida, Norio;

Hisamitsu, Tadashi(The Department of Physiology, School of Medicine, Showa
University, Tokyo, Japan)

Hochuekkito (HET) is well known to be one of Kampo (Japanese herb-
al) medicine consisted of ten component herbs, and used for the sup-
plemental therapy of cancer patients with remarkable success. How-
ever, the precise mechanisms by which HET could favorably modify
the clinical conditions of cancer patients are not well defined. The
present study, therefore, was undertaken to examine the possible
therapeutic mechanisms of HET on cancer using experimental mouse
modelIn the first part of expeiment, HET was well mixed with rodent
chow at concentrations of either 0.1%, 1.0% or 3.0%, and administered
orally ad libitum, which was started one week before tumor cell injec-
tion and continued throughout the experiment. Oral administration of
HET at concentration 1.0% and 3.0% into C57BL/6 male mice signifi-
cantly inhibited tumor metastasis in lungs, which was induced by the
intravenous injection of 1x10° B16 melanoma cell. The second part of
experiment was to measure the cytokine production ability of lienal
and lung lymphocytes from the first experiment mice. HET caused
increase of INF-y production in lymphocytes which was activated by
lipopolysaccharide (LPS). These results strongly suggest that oral
administration of HET caused increase in the production of IFN-y,
which is responsible for the activation of both NK cell and NKT cell,
in the lungs and results in inhibition of B16 melanoma cell metastasis
in the lungs. No COL
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Search of Hyugatouki (Angelica Furcijuga) extract
fraction which stimulated melanogenesis

Fujiwara, Hiroshi'; Atsumi, Toshiyuki?; Ishikawa, Shintaro’;

Sato, Takao'; Watanabe, Daishi'; Takashima, Masashi’;
Sunagawa, Masakata'; Kakiuchi, Nobuko? Hisamitsu, Tadashi’
(*Department of Physiology, School of Medicine Showa University, Tokyo, Japan,
?Kyushu University of Health and Welfare, School of Pharmaceutical Sciences,
Department of Pharmaceutical Sciences, Miyazaki, Japan)

PurposeAngelica furcijuga (AF) is an endemic species and perennial
herb of Japanese parsley department that grows wild in the South
Kyushu island in Japan. It is faced with extinction but its usefulness
is attracted attention by success of organic grow.We have ever report-
ed that the AF extracts from lobe and stem, stimulated melanogenesis
in mouse B16 Melanoma Cell (B16 cell) and mouse hair, and effect of
melanogensis in fraction of water and ethyl-acetate layer.In the present
study, on the effects of the each extract solvent fraction of the AF's
extracts from lobe and stem,melanogenesis were examined using the
B16 cell.MethodsThe B16 cell were cultured with the each fraction of
AF’s extracts, and drug susceptibility test was conducted. And then
the melanin content and tyrosinase activity were measured in the B16
cell, the effect to the ability of melanin production was checked. Results
and DiscussionWe observed different effects of each fraction on mela-
nogenesis and tyrosinase activity. This study suggests the certain
fraction of AF’s extracts contains the melanin production promoting
substances. No COL

Influence of Palmatine for bone metabolism in OVX
mouse
Tamaki, Misako'?; Ogawa, Yui'2; Ishikawa, Shintaro’;

Hisamitsu, Tadashi'('Dept. Physiol, Sch. Med, Showa Unv., Yokyo, Japan,
2Sch. Pharm. Showa Unv., Yokyo, Japan)

Receptor activator of nuclear factor- kB ligand (RANKL) or osteopro-
tegerin (OPG) was found to be a key osteoclast relation molecule that
regulates its cognate receptor, RANK, on osteoclast precursor cells.
The present study was designed to examine an inhibitory effect of the
palmatine, an isoquinoline alkaloid originally isolated from Coptis chin-
ensis, on an osteoclast differentiation in vivo by using ovariectomized
(OVX) mice.The first part of experiments were designed to examine
by histological approach of shank-proximal obtained from OVX mice
treated with palmatine. They were divided into four groups of 5 mice
each:the sham-operated (Sham), OVX, OVX-palmatine intake groups
(Img/kg, 10mg/kg), randomly.OVX mice were served by sonde forc-
ibly with various doses of palmatine once a day for 12 week, starting
two-weeks after OVX-operation. The second part of experiments was
examined the cytokine level of serum from OVX mice treated with
palmatine. The third part of experiments was examined the influence
of Palmatine for the osteoblast-like cell (MC3T3-E1) in vitro.Palmatine
caused significant suppression of the osteoclast number on tissue. In
the mice treated by palmatine, RANKL decreased, and OPG increased.
These results suggest that palmatine attenuates osteoclast differenti-
ation through inhibition of RANKL expression, and activation of OPG
expression from the osteoblast. Therefore, palmatine might be a can-
didate for an anti-resorptive agent of disorders such as osteoporosis.
No COL

Antinociceptive Effect of Yokukansan, a Traditional
Herbal Medicine, in Rats with Morphine Tolerance
lkemoto, Hideshi'; Sunagawa, Masataka'; Takemoto, Mariko'?;
Suga, Hiroki'; Katahira, Haruto'; Kitamura, Atsuko’;

Fukushima, Masaya'; Okada, Mayumi?; Hisamitsu, Naoko';
Hisamitsu, Tadashi'('Department of Physiology, School of Medicine, Showa
University, Tokyo, Japan, *Department of Anesthesiology, School of Medicine,
Showa University)

Morphine is one of the most commonly used drugs to treat severe and
chronic pain; however, its chronic use results in antinociceptive toler-
ance as well as addiction. It has been reported that glial cells may be
involved in the development of morphine tolerance. In addition, we
previously reported that an herbal medicine, Yokukansan (YKS), con-
trols activated microglia in rats with chronic inflammatory pain. In the
present study, the effects of YKS in rats with morphine tolerance were
investigated.

Male Wistar rats (7 weeks of age) were injected with morphine hydro-
chloride (10mg/kg) daily for seven days. The hot plate test (47.5°C)
was used to assess the thermal nociceptive threshold. The threshold
began to decrease on day 3 following the administration of morphine,
and the antinociceptive effect completely disappeared within four days.
However, the administration of YKS (manufactured by Tsumura &
Co.) significantly inhibited this decrease. Moreover, glial cells (microg-
lia and astrocytes) were observed in the posterior horn of spinal cord
immunohistochemically. The glia cells were significantly activated in
the morphine-treated rats; however, this activation was reduced by
the administration of YKS.

Our findings reveal that YKS has an effect in reducing morphine tol-
erance by controlling the activations of microglia and astrocytes. No
COL

Spectrum of dose-response relationship for radical
scavenging activity of edaravone

Tokumaru, Osamu; Shuto, Yachiko; Ogata, Kazue; yokoi,
isao(Department of Neurophysiology, Oita University Faculty of Medicine, Yufu,
Japan)

Edaravone is a powerful free radical scavenger and has been clinical-
ly used for the treatment of cerebral infarction. But data concerning
its spectrum of dose-response relationship against multiple free radicals
are still sparse as far as the authors surveyed. Thus we evaluated
direct scavenging activity of edaravone against multiple free radicals
and estimated dose-response curves and ECs,'s. Antioxidant activity
on peroxidation in brain homogenate was also evaluated by thiobarbi-
turic acid reactive substances (TBARY) assay. Six kinds of free radicals
were measured by ESR; O-centered radicals: HO., O,", ascorbate free
radicals (AFR), #BuOO-; N-centered radicals: NO, DPPH radicals. Free
radicals were quantified by spin-trapping method using DMPO or
CYPMPO and peak height of spin adducts relative to internal standard
Mn?* were calculated. Edaravone scavenged all free radicals examined;
EC,y's are as follows; HO- 0.4 mM, O,~ 4 mM, +BuOO- 0.3 mM, NO 40
uM, DPPH radicals 5 uM (p < 0.001). Edaravone significantly inhibited
AFR at 5 mM (p <0.01), but EC;, was not significant (p = 0.098). Anti-
oxidant activity of edaravone on peroxidation in brain homogenate
was significant against HO- and AFR with ECy's of 60 uM and 100 u,
respectively. It is concluded that edaravone had a broad spectrum of
radical scavenging activity. Although its EC;, against each radical
varied, its antioxidative activity is, at least, partially attributable to its
direct free radical scavenging activity against multiple free radicals.
No COL
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The newly synthesized naftopidil analogue HUHS1015
induces apoptosis in malignant mesothelioma cells
by activating caspase-4

Kanno, Takeshi; Nishizaki, Tomoyuki(Division of Bioinformation,
Department of Physiology, Hyogo College of Medicine, Nishinomiya, Japan)

The aim of the present study was to assess the antitumor effect of
newly synthesized naftopidil analogues on human malignant mesothe-
lioma cell lines NCI-H28, NCI-H2052, NCI-H2452, and MSTO-211H cells.
We newly synthesized 21 naftopidil analogues, and of them 1-[2-(2-me-
thoxyphenylamino)ethylamino]-3-(naphthalene-1-yloxy)propan-2-ol
(HUHS1015) most effectively reduced cell viability for all the investi-
gated malignant mesothelioma cell lines in a concentration (1-100
uM)-dependent manner. Treatment with HUHS1015 (100 uM) for 12
h markedly increased TUNEL-positive cells in all the investigated
malignant mesothelioma cell lines, and HUHS1015 activated caspase-3
and -4, without activating caspase-8 and -9. The results of the present
study, thus, indicate that HUHS1015 induces apoptosis in malignant
mesothelioma cells, possibly by activating caspase-4 and the effector
caspase-3. This raises the possibility that HUHS1015 could be devel-
oped as a promising anticancer drug for treatment of malignant me-
sothelioma. No COL

Spinal neuronal responses elicited by intradermal
pruritogen injection in hairless mice

Ueda, Yuhki'2; Ishii, Ritsuko?; Uta, Daisuke'; Imoto, Keiji'-3;

Furue, Hidemasa'3(Department of Information Physiology, National Institute

for Physiological Sciences, *Maruho Co., Ltd. Kyoto R&D Center, Kyoto, Japan,
3School of Life Science, The Graduate University for Advanced Studies)

Antipruritic effect of drugs has been evaluated by using pruritogen-in-
duced scratching behavior. In order to better understand the detail
mechanisms of antipruritic drug, we examined spinal neuronal respons-
es elicited by intradermal injection of serotonin, and the time course
was compared with that obtained from scratching behavior. HR-1
hairless mice were deeply anesthetized with urethane. After dorsal
surface of the lumbar spinal cord was exposed, extracellular recordings
were made from spinal dorsal horn neurons. For behavioral experi-
ments, the number of scratching behavior was counted for 30 min
after injection of serotonin. Serotonin injected in the ipsilateral paw
skin increased the frequency of action potentials elicited in spinal
neurons, and the action was lasted for more than 20 min. The number
of scratching behavior was also significantly increased by serotonin
skin injection, and the time course was quite similar to that of sero-
tonin-induced spinal responses. These results suggest that spinal
long-lasting responses elicited by intradermal serotonin injection may
be related to itch. No COL

Reduction of TRPV1-mediated pain sensation by
TMEM16A inhibition

Takayama, Yasunori'; Uta, Daisuke?; Tominaga, Makoto'3('Division
of Cell Signaling, Okazaki Institute for Integrative Bioscience, Aichi, Japan,
Division of Neural Signaling, National Institute for Physiological Sciences,
*Department of Physiological Sciences, The Graduated University of Advanced
Studies)

A calcium-permeable channel TRPV1 is important for the pain sensa-
tion because TRPVI is activated by pungent compounds including
capsaicin. A calcium-activated chloride channel TMEMI6A is co-ex-
pressed with TRPV1 in DRG neurons. This suggests that TMEMI16A
could be activated by calcium influx though TRPV1 activation. TME-
MI16A activation induces depolarization because a resting potential is
lower than the equilibrium potential of chloride in DRG neurons.
Therefore, we hypothesized that TMEMI16A inhibitor operates to
reduce pain. To confirm the TRPV1-TMEMI16A functional interaction,
we performed whole-cell patch-clamp recordings in HEK293T cells.
The capsaicin-induced currents were larger in the cells expressing
TRPV1 and TMEMI6A than in the cells expressing TRPV1 alone.
Moreover, this interaction depended on calcium influx through TRPV1
activation. Next, we investigated the effect of a TMEMI16A blocker
(A01) in DRG neurons. A0l reduced the capsaicin-induced currents
by approximately 50 %. These findings suggest that TRPV1-mediat-
ed nociception could be inhibited by TMEMI16A blocking. Therefore,
we investigated capsaicin-induced pain-related behaviors in mice. Time
of licking and biting was shorter with a concomitant administration of
A0l with capsaicin than in administration of capsaicin alone. These
results suggest that TMEMI16A inhibition would be an effective treat-
ment of acute peripheral pain involving TRPV. No COL

Effects of melatonin administration on motor function
recovery after internal capsule hemorrhage

Ishida, Akimasa; Ueda, Yoshitomo; Masuda, Tadashi;

Misumi, Sachiyo; Jung, Cha-gyun; Hida, Hideki(Department of

Neurophysiology and Brain Sciences, Nagoya City University Graduate School of
Medical Sciences, Nagoya, Japan)

Intracerebral hemorrhage (ICH) causes severe disability. Free radical
produced from blood metabolites is involved in the brain damage after
ICH. To investigate whether melatonin (ML), a radical scavenger, could
reduce brain damage by ICH, rats were injected collagenase (15 Units,
1.4 pl) into the internal capsule with ML (15 mg/kg) that was orally
administrated for 7 days. Motor function was assessed by motor defi-
cit score test. Surviving corticospinal neurons were evaluated by
retrograde tracer fluorogold (FG) into cervical cord. Immunostaining
of 8-hydroxy-2-deoxyguanisine (8-OHdG) was carried out for DNA
damage assessment. Measurements of motor map in ipsilateral motor
cortex were done by intracortical microstimulation (ICMS), in which
bipolar pulses (0.2 ms, 0-200 uA, 333 Hz) were given in layer V senso-
rimotor cortex to evoke twitches in contralateral lower leg joints.
Behavioral tests revealed that ML significantly ameliorated motor
dysfunction. In addition, more FG-labeled neurons were shown in the
motor cortex in ML-treated rats. ICMS revealed that ML results in
lower threshold for evoking forelimb movement than control. Less
8-OHdG positive cells were detected in ML in peri-hematoma area.
Data suggested that oral ML administration to ICH model rats reduc-
es the damage of peri-hematoma area including corticospinal pathway
by scavenging radicals, resulting in better functional recovery. No COL
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Long-term feeding of rare sugar D-psicose preserved
pancreas beta cells and thus prevented diabetes de-
velopment in T2DM model OLETF rats

Hossain, Akram'; Yamaguchi, Fuminori'; Sui, Li'; Hirata, Yuko';
Kamitori, Kazuyo'; Dong, Youyi'; Tsukamoto, Ikuko'; lida, Tetsuo?,
Tokuda, Masaaki' (‘Department of Cell Physiology, Kagawa University,
Kagawa, Japan, > Research Institute, Matsutani Chemical Industry Co., Ltd., Hyogo,
Japan)

Prevalence of global obesity, mostly due to excess calorie intake and
insufficient physical activities leading to one of its complications, type
2 diabetes mellitus (T2DM) has been increasing with alarming health
problems. This circumstance demands health screening from early life
with the intake of age-adjusted balanced food in obese-tendency sub-
jects. We introduce a zero-calorie food additive, D-psicose, a sweet rare
sugar produced in Kagawa University Rare Sugar Research Centre.
Long-term feeding of more than 60 weeks of 5% D-psicose in drinking
water has been proven to control body fat accumulation and thus
prevented excess body weight increase in comparison to non-treated
control rats. D-psicose improved insulin resistance through constant
maintenance of blood sugar levels with the preservation of insulin
producing pancreas beta cells. Subsequently, serum levels of pro-in-
flammatory and anti-inflammatory adipocytokines were also controlled
well by D-psicose drink. These findings demonstrate that D-psicose
might be a promising anti-obese and anti-diabetic agent. No COL

Poster Presentations
Membrane Transport

Slowing of Mg?* influx by TRPM?7 inhibitors in rat ven-
tricular myocytes

Tashiro, Michiko; Inoue, Hana; Tai, Shinobu; Konishi, Masato(Dept.
Physiol., Tokyo Med. Univ., Tokyo, Japan)

Adult rat ventricular myocytes were isolated enzymatically. Intracel-
lular free Mg?* concentration ((Mg*']) was estimated using a fluorescent
indicator furaptra (mag-fura-2). Incubation of the cells in a Mg?*-deplet-
ing solution (high-K*, divalent-free) caused a decrease in [Mg*], by
04-0.6 mM. The lowered [Mg*], was recovered by perfusion with
Ca*free Tyrode’s solution. The time course of the recovery could be
well fitted by a single exponential function, the first derivative of which
at time 0 was analyzed as an initial Mg?* influx rate. Administration
of TRPMY7 inhibitors, 2-Aminoethoxydiphenyl borate (2-APB, 100 uM)
and NS8593 (10 uM) suppressed the initial rate of Mg?" influx, respec-
tively, to 43+10% and to 12+8.6%. These compounds also inhibited the
rate of Ni** influx estimated by quenching of furaptra fluorescence
during the initial 10 min. The half inhibitory concentrations (ICs,) of
2-APB for Mg?- and Ni*-influx rates were comparable: 17 uM and 20
uM , respectively. The IC;, values of NS8593 (2.0 uM for Mg?* influx
and 4.4 uM for Ni** influx) were also comparable. We measured MIC
currents (Iyo) likely via TRPM7 channels activated by removal of
intracellular and extracellular divalent cations under the whole-cell
patch-clamp configuration. I, at -120 mV was inhibited by 2-APB
with IC;, of 50 uM, and was reduced to 50+12% by 10 uM NS8593.
Thus, Mg?" influx was significantly slowed by TRPM7 inhibitors, which
support our previous conclusion [J Phy No COLsiol Sci 63:5273, 2013]
that TRPM7/MIC channels serve as a major physiological pathway of
Mg?" influx in rat ventricular myocytes. No COL

Activation of the Na*-H* exchanger by Ca?* and cAMP
signals during bicarbonate secretion from rat salivary
ducts

Ueno, Kaori'; Hirono, Chikara2; Kitagawa, Michinoriz;

Sugita, Makoto?; Shiba, Yoshiki2(!Dept. Physiol. & Oral Physiol., Grad.

Sch. Biomed. Sci., Hiroshima Univ., *Dept. Physiol & Oral Physiol., Inst. of Biomed.
& Health Sci., Hiroshima Univ., Hiroshima, Japan)

To characterize the Na*-H* exchanger (NHE) activation during bicar-
bonate secretion from rat salivary ducts, we measured intracellular
pH changes induced by Ca*" and cAMP signals. Rat parotid glands
were removed, minced and incubated with collagenase to separate
acini and ducts. The intralobular duct segments were loaded with the
pH-sensitive fluorescence dye, BCECF. The intracellular pH changes
were measured with the ARGUS-HiSCA system. Application of car-
bachol (CCh) did not affect the intracellular pH, while forskolin+IBMX
(F+I) decreased the pH. CCh restored the pH level that had been re-
duced by F+L In the presence of the NHE inhibitor, 5-(N,N-dimethyl)
amiloride (DMA), CCh and F+I decreased the intracellular pH com-
pared with their effects in the absence of DMA, indicating that the
NHE was activated during bicarbonate secretion induced by the
stimulations. The rate of F+I-induced decrease in pH was greater than
that of CCh-induced decrease in the presence of DMA, suggesting that
the rate of H* generation by F+I is higher than that by CCh. When
bicarbonate and H* were at an equilibrium state under the inhibition
of the carbonic anhydrase by methazolamide, addition of CCh increased
the pH, while F+I did not. Results obtained suggest that CCh strong-
ly activates the NHE due to the high pH set point. F+I may activate
the generation of bicarbonate and H* by the carbonic anhydrase
rather than H* extrusion by the NHE. No COL
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Adenosine A,; receptor regulates CFTR in pancreatic
duct cells

Hayashi, Mikio'; Inagaki, Akihiro®; Matsuda, Hiroko'(‘Department of
Physiology, Kansai Medical University, Hirakata, Japan, *Department of

Physiology, Institute of Health Biosciences, The University of Tokushima Graduate
School, Tokushima, Japan)

Introduction: Pancreatic acini secrete ATP and nucleotide-modifying
enzymes that include CD39 and CD73. Adenosine, the end product of
ATP, stimulated cystic fibrosis transmembrane conductance regulator
(CFTR) in pancreatic duct cells. However, the identity of adenosine
receptors has not been extensively investigated. Objectives: The
present study aimed to identify functional adenosine receptors in
pancreatic duct cells. Methods: The molecular basis of adenosine re-
ceptors was revealed by RT-PCR analysis and immunostaining. We
measured equivalent short-circuit current (/) in human adenocarci-
noma cell line (Capan-1) monolayer. Results: Capan-1 cells expressed
adenosine A, receptor (AdoraZb) as reported previously. Adenosine
A,y receptor localized in luminal membrane of pancreatic ducts and
Capan-1 monolayer. The luminal addition of adenosine significantly
increased /. in Capan-1 monolayer. The effect was consistent with
anion secretion in epithelia. PSB 603, an adenosine A,; receptor an-
tagonist, inhibited this increase. BAY 60-6583, an adenosine A,; re-
ceptor agonist, increased /., which was inhibited by CFTRinh-172.
Conclusion: These results indicated that the adenosine A,; receptor
regulates CFTR in Capan-1 cells. Furthermore, the adenosine A,
receptor may be involved in anion transport in pancreatic ducts. No
COL

Optimization of a mathematical model of HCO; se-
cretion by pancreatic duct cell

Yamaguchi, Makoto'; Yamamoto, Akiko'; Steward, Martin?;
Sohma, Yoshiro3; Ko, Shigeru?; Ishiguro, Hiroshi'("Human Nutrition,
Nagoya Univ Grad Sch Med, °Life Sciences, Univ Manchester, *Dept Pharmacol,
Keio Univ Sch Med, *Systems Medicine, Keio Univ Sch Med)

Pancreatic duct cell produces isotonic fluid secretion containing ~140
mM HCO;. We have been constructing a mathematical model of pan-
creatic duct cell that various ion transporters, channels, and pumps
are allocated in the basolateral and apical membranes by using MAT-
LAB/Simulink. In the present study, we have tried to optimize the
permeability of several transporters/channels/pumps at one time
using an algorithm “fminsearch” which is based on the Nelder-Mead
method. The permeability values to be optimized included those of
Na*-K* pump, K* channel, NBC1 1Na*-2HCOy cotransporter, and AE2
1CI-1HCO; exchanger in the basolateral membrane, and of CFTR
anion channel (Pyco3/Pc. was set at 04) and SLC26A6 1CI-2HCO; ex-
changer in the apical membrane. The values were optimized to repro-
duce the published experimental data of interlobular ducts isolated
from guinea-pig pancreas. The data included (1) intracellular pH, [CI],
and membrane potential in the resting and cAMP-stimulated ducts
luminally-perfused with low HCO; (25 mM HCO4-125 mM CI) or high
HCOy (125 mM HCO4-25 mM CI) solution and (2) the maximal rate of
fluid secretion (3.5 nl/min/mm? epithelium) and fluid [HCO;] (140 mM)
into the closed ducts. The standard errors of experimental data were
set as acceptable variation ranges for optimization. The permeability
values of transporters were successfully optimized to reproduce HCO;
secretion and intracellular parameters within acceptable ranges. No
COL

Short-chain fatty acid might increase intracellular
Ca?* concentration in rat colonic surface and crypt
cells

Inagaki, Akihiro(Department of Physiology, Institute of Health Biosciences, The
University of Tokushima Graduate School, Tokushima, Japan)

Short-chain fatty acids (SCFAs) such as acetate, propionate, and bu-
tyrate are synthesized from dietary carbohydrate by colonic bacteria
fermentation. These SCFAs are considered that they may contribute
not only energy source or prevention of cancer but also regulating ion
transport by affecting SCFA receptor, GPR43. This receptor couples
G-protein type G, (and G, thus when SCFAs bind this receptor, intra-
cellular Ca**((Ca*") might change. However, these effects only identified
in culture cells. Thus, I investigated that whether butyrate can increase
[Ca*]; in rat colonic surface and crypt cells with Fura-2. As a result
that butyrate showed elevation of [Ca®], in colonic surface and crypt
cells. This butyrate-induced [Ca*']; elevation was not inhibited by at-
ropine, which showed inhibition the effects of acetylcholine on colonic
crypt cells but not surface cells. To evaluate the contribution of bu-
tyrate absorption via Na*-coupled monocarboxylate cotransporter 1
(SMCT1) and H*-coupled monocarboxylate transporter 1 (MCTI), I
investigated the effect of ibuprofen, SMCT1 inhibitor, or a-cyano-4-hy-
droxycinnamic acid (a-CHC), MCT1 inhibitor on butyrate-induced
[Ca*], increase. Although ibuprofen didn't show any effects, a-CHC
showed comparable inhibition on colonic crypt, but not on surface cells.
These results indicated that butyrate might increase [Ca*"], without
affecting intracellular butyrate which absorbed via SMCT1 or MCT1.
No COL

Short-chain fatty acid inhibits cAMP-activated
short-circuit current in rat distal colon

Inoue, Rentarou; Inagaki, Akihiro(Department of Physiology, Institute of
Health Biosciences, The University of Tokushima Graduate School, Tokushima,
Japan)

Introduction: Short-chain fatty acids (SCFAs) are produced in colon
of omnivore, from dietary fiber fermented by enteric bacteria. The
main SCFAs in colon are acetate, butyrate, and propionate and they
are thought to be absorb