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Abstract

The pig and especially the minipig are becomingdasingly used as a test animal both
in pharmacological and toxicological testing of neampounds. The minipig is used
because of its size, it is easy to handle andtésissubstrate is required. When using an
animal species for testing it is of importance moWw if the test animal’s posses the same
abilities to metabolize drugs as humans. Some ef B450 enzymes have been
characterized in the pig regarding substrate spégif inhibition and regulation. The
porcine enzymes CYP1A, CYP2A and CYP3A all metat®the same test substrates as
the human enzymes, whereas the enzymes CYP2B, CY&®RDCYP2E in pig on the
other hand seem to be different from the human raesyconcerning metabolism of the
well know test substrates. Some of the porcine mesy have been sequenced i.e.
CYP1A, CYP2A, CYP2B, CYP2D, CYP2E and CYP3A and swtprisingly the porcine
CYPs that metabolize the human test substratesaloeit 75% identical in cDNA
sequences.

What is needed is inhibitory antibodies againsheafcthe porcine enzymes, in order to
test whether a test compound is metabolized by anthe other enzyme. Until now
chemical inhibitors have been used, but they arelyal00% specific. Anti-human
inhibitory antibodies have also been used, but thay not recognize the porcine enzyme
and therefore will not inhibit the reaction. Antthes for immunoblotting would also
make it possible to estimate how much of the t®R4b0 the individual enzymes
comprise. From what is known about the porcine P45€an be concluded that the pig
seems to be a good test species if CYP1A, CYP2ACYP3A are involved in the
metabolism of the test compound, depending on tmgribution of other enzymes in

competing pathways.

Keywords: Cytochrome P450, microsomes, liver, porcine, naisim, substrates,

inhibitors, inducers.



I ntroduction.

The development of new drugs always involves pmexdi screening, where the main
pharmacokinetic, pharmacodynamic, and toxicologigadperties are studied. These
preclinical investigations are based on both imovdnd in vivo models using various
animal species. The pig and especially minipigs erereasingly being used in
pharmaceutical and toxicological studies, thusrthetabolism have been subjected to
further research and have recently attracted ceraidy attention. This
biotransformation occurs mainly in the liver, busathe kidneys, skin, lungs, and
intestine can be involved. The biotransformationns of the most important factors that
can affect the overall therapeutic and/or toxicpoese of a drug. It can lead to
deactivation / detoxification and excretion of threg, but also to bioactivation.

The metabolism reactions are generally divided imto groups, phase-1 and phase-2
reactions. Phase-1 reactions involve the monooxsgs) such as cytochrome P450
complex, and flavin containing monooxygenases (FMMe cytochrome P450 complex
consists of several subfamilies with overlapping HDifferent substrate specificities,
different inhibitors and inducers. Several of thesdfamilies i.e. CYP1A, CYP2A,
CYP2B, CYP2C, CYP2E and CYP3A have been charaei@rar the pig and minipig
(micropig) during the past few years using primagpatocyte cultures or hepatocyte
microsomes [1, 2, 3, 4, 5, 6, 7, 8, 9]. The charxation is done in order to enable the
evaluation of the pig as a test animal for humargdnetabolism. It is of importance to

know if it is possible to extrapolate the resultrid in pigs to humans. The aim of this



paper is therefore to review what is known aboatgbrcine P450 enzymes and compare

this with their human counterparts.



Total P450

The total cytochrome P450 activity in liver micrases has been estimated for both
conventional and Goéttingen minipigs. The minipigatained the highest activity of total
P450 (0.81 nmol/prot) and the different strainscohventional pigs contained 0.57
nmol/mg prot. [9], 0,22 nmol/mg prot [8], and 0.46nol/mg, respectively [5]. This
shows that the conventional pigs have a P450 &ctoomparable to the total human
P450 of 0.43nmol/mg protein and 0.26 nmol/mg protei Caucasian and Japanese,

respectively [10], whereas the minipigs total P#&b8bout 2 - 3 fold higher.

CYP1A

The CYP1A enzymes are involved in the metabolisnms@feral carcinogens such as
aromatic and heterocyclic amines, estrogens, myowand xanthines. These enzymes
are also involved in the metabolism of severaldapiessant and analgesic drugs. Human
CYP1A activity is also present in porcine liver misomes i.e. ethoxy- and methoxy-
resorufin O-dealkylation (EROD and MROD) [9]. The-d@alkylation of 7-
ethoxyresorufin was found to be sex related in pigs but not in conventional pigs [5].
The activity in female minipigs was 2-4 times higligan in male, whereas the opposite
was found for human Caucasians [10, 4] where agtinifemales was 3 times lower than
in males. The O-dealkylation ranged from 20 — 18 mg/min in minipigs and the
activities for the different conventional strainer& 40 and 100 pmol/mg prot./min at a
substrate concentration of 5 uM [5, 9]. In ohedg the Vmax for EROD activity was

found for both humans and micropigs. The humanvities were 25 and 95



pmol/min/mg prot. for females and males respectiagld the porcines were in the same
scale 57 and 116 pmol/min/mg prot respectively fale and female pigs [4]. The
porcine apoprotein level estimated by Western ibigtiusing anti-human antibodies
correlated well with enzyme activity?40.72) [5], and so did the human activities and
apoprotein level ¢=0.83) [10], indicating that CYP1A is the main respible enzyme
for this reaction. This was confirmed by inhibititasts both with a chemical inhibitar
napthoflavone, a known inhibitor of CYP1A, and witntibodies against human
CYP1A2 [11, 4]. Incubation with M a-napthoflavone inhibited the CYP1A activity
80-100% in humans and 60-80% in minipigs, wherbasanhtibody inhibited the reaction
with only 30-60% in minipigs, probably due to a messed specificity because of small
differences in protein sequence. The CYP1A activitpigs can also be increased by the
same inducers as the human CYP1A. Lu and Li (2Q02) compared the in vitro
induction of CYP1A using omeprazole as inducer.yTfaind omeprazole induction to
be dose-dependent in both human and minipig hep@®cbut the induction in human
hepatocytes was about 3 times more potent thanimpigs. Also B-napthoflavone
(BNF) has been found to be a potent inducer of ER&D a less potent inducer of
MROD activity in primary porcine hepatocytes boften2, 4 and 8 days in culture [2,
13]. The induction could be detected both at thepamtein level and mRNA level,
showing that the induction is transcriptional. Rbtgsrbital (PB) induction was studied in
vivo and an increase in EROD activity and apoprokevel could be detected 24 hrs after
ip injection of 80 mg/kg [3].

A porcine CYP1A1l, but no CYP1A2 like cDNA (BAB8584) sequence, has been

submitted to the GenBank. This cDNA encodes a probat has about 75 % homology



to the human CYP1Al. These differences in aminal a@quence may cause the
inhibition antibody to have a lower affinity towattliis enzyme than to the human
protein, resulting in a decrease in inhibitionaoother enzyme could be involved in the

metabolism.

CYP2A

The human CYP2A6 accounts for only 4% of the t®%b0 content and it metabolizes
pharmaceuticals (3% of drugs metabolized) and comg® of toxicological significance,
such as nicotine, nitrosamines and aflatoxin Bhllrstudies the porcine CYP2A activity
was determined using coumarin as test substraten Asmans it is found to be the most
specific substrate [15]. A sex dependent activias\ween for the coumarin 7-hydroxylase
activities in minipig. Goéttingen minipig especiabjpowed marked differences, the male
having 70 fold lower activity than females (0.00&haoi/mg protein, 0.35 nmol/mg
protein) [5]. The Yucatan minipigs showed a 5 fdifference (0.18nmol/mg protein,
0.97nmol/mg protein) [4], whereas human males nuditedrl coumarin 5 times faster
than females, 1.3 nmol/mg prot/min and 0.36 nmolpra./min, respectively [4]. These
results also show that humans metabolized counfaster than pigs. This was in
agreement with results published by Anzenbacheal,e1998 [1], showing a 5 times
higher metabolism in humans than in male minipighe metabolism rate for
conventional pigs was found to be about 0.33 nnmlfnot./min [5], which is in
between the values found for male and female ngsipiThis is comparable with the

published human values varying from 0 to 4.75 nmglprot./min [14]. The apoprotein



level in both humans and pigs correlate well wite toumarin -7-hydroxylase activity
indicating that the CYP2A is the main responsilsieyene for this activity [10, 14]. This
is confirmed by inhibition studies, using both iniry antibodies against human
CYP2A6 and chemical inhibitors. Bogaards et al.®pf) found an inhibition of 60-80%
in minipig and 80-100% in humans. Another studyorégd an inhibition of about 90%
for both minipigs and conventional pigs [15]. Nio&t, a substrate for human CYP2A
[16], was also tested as substrate for porcine @QYBR2d the cotinine formation rate
varied from 212-921 pmol/mg prot/min at a substredacentration of 500 uM, well
above the Km compared to the human mean Vmax \@ldé6 pmol/mg prot/min with
values ranging from 70-2000 pmol/mg prot/min [1B].positive correlation between
cotinine formation and CYP2A protein level was fdumut the addition of inhibitory
antibody only inhibits the reaction with 40-60%pgling that cotine formation is not as
specific a porcine CYP2A reaction as coumarin-7rbyglation. The activity of CYP2A
could also be inhibited by methoxypsoralen, a knbwhnot specific inhibitor of CYP2A
activity [11].

The porcine CYP2A could not be induced in vitro fipyrazole, a known inducer of
murine CYP2A, and the activity and apoprotein lexfehe enzyme decreases rapidly in
porcine hepatocyte cultures and it is nearly abaéet 48 h. [6]. From in vivo studies,
using sexually mature male Goéttingen minipigs,adtild be seen that castration of the
males induce the CYP2A activity of liver microsommsabout 10 times, which proves
that the activity of this gene is sexually regutiabe minipigs [17]. Positive correlations
were found both between enzyme activity, apoproteuel and mRNA, suggesting a

transcriptional regulation of the gene. Minipig (@igen) and conventional CYP2A



cDNA sequences have been submitted to the GenBasdegsion nr. AY380866 and
AB052255 respectively). The wild-type minipig andngentional cDNA sequences
encodes proteins that are 99% homologous and tpeseine proteins are 75%
homologous to the human sequence (accession nQNB®9). Six substrate recognition

sites (SRS) have been identified [18] and they wdirfound in the porcine proteins [15].

CYP2B

The content of cytochrome CYP2B6 in humans is @fdgut 1% of total P450, but the
ability of CYP2B6 to metabolize a number of drug8sf, such as diazepam, lidocaine
and the antineoplastic compounds cyclophosphanpdesphamide, and tamoxifen, has
attracted considerable attention to this enzymé. [28veral of the human CYP2B test
substrates have been used in order to measurectiidyaof this enzyme in pigs. The
human model substrate is S-mephenytoin measurimdNtdemethylation could not be
detected in pigs [5]. The 7-ethoxy-4-triflouromdttgumarin O-dealkylase activity,
another CYP2B specific activity, was reported inc¥tan minipig. Females and males
contained about the same activity (0.353 nmol/magin, 0.286 nmol/mg protein), and
they were comparable with the human values [4]. @meyme activity for both humans
and pigs could be inhibited moderately (30-60%)hwénti-rat CYP2B1. The low
inhibition percentage may be because the antib®dwt species specific or the substrate
is only partly metabolized, by CYP2B. The 7-benzyl@sorufin O-debenzylation has
been measured in conventional porcine microsomean@ this activity is much higher
in pigs than in humans, 370pmol/min/mg prot. coredato the 3.1 and 4.86

pmol/min/mg prot reported by Amato et al and Nivale[20, 21].
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Another CYP2B reaction, the 7-pentoxyresorufin lkidation activity, could not be
detected in pigs by some groups [1, 2, 5] but cinddletected by other groups [3, 13],
and this is properly due to differences in assagisigity. The activity is about the same
in pigs as in humans (1-11 pmol/min/mg prot) [3]. Zkhe reaction can be induced by
phenobarbital, a known potent inducer of human (&&2n vivo but not in vitro after
24 hrs. incubation. The in vivo induction can bolwed at both the activity, apoprotein
and mRNA level [3], indicating that CYP2B catalyseslays a significantly role in this
reaction. Behnia et al 2003 [13 ] showed that ittevidy of CYP2B can also be induced
in vitro by phenobarbital after 8 days in cultuoef not after 4 days, where a decrease in
activity was seen. The same applies to the benggdsprufine O-dealkylase activity,
another a CYP2B reaction. In the GenBank the perciDNA and protein sequence can
be found for CYP2B22 (A B052256.1). The homologyween this protein sequence
and the human CYP2B6 is about 72%. These diffeseimcprotein sequence may play a

role in the differences in substrate specificitiween humans and pigs.

CYP2C

The CYP2C subfamily consists of several enzymebumans, 4 different enzymes have
been defined [23], CYP2C8, CYP2C9, CYP2C18 and QYF2 and all in all they
constitute about 20% of total P450 and metabol&s% of drugs [24]. The CYP2C
family metabolizes a range of drugs i.e. losarfmopofol, estrogens and testosterone,
mephenotoin, and methadone [19]. The different G¥BRBow some cross reactivity
toward many of the test substrates, making it aliffi to study the different CYP2C

activities independently. The CYP2C substrateqyutaimid and diclofenac, which are
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fairly specific for human CYP2C9, have been tested pigs. The tolbutamid
hydroxylation has been measured in both convenrtmiga and minipigs [8, 1] and it was
shown that the minipigs had lower activity compat@dthuman activity [1]. The activity
was not induced in pigs treated with a combinatbr-naphthoflavone, phenobarbital
and dexamethasone [8], but the enzyme activityccook inhibited by about 80% with
tranylcypromine, a CYP2C19 inhibitor, whereas thetivity was not inhibited by
sulphaphenazole, an inhibitor of human CYP2C9 [THe diclofenac 4-hydroxylase
activity was measured in Yucatan minipigs [4] astireated to 0.06nmol/min/mg protein
for males and 0.02nmol/mg/min for females; thed&/iies were small compared to the
human (1.5-1.9 nml/mg/min) values. This enzymevégtiwas inhibited 80-100% in
humans by sulphaphenazole, as expected, but dgapotcine activity was only slightly
inhibited (20%), indicating that either the subtgsaor the inhibitor is not specific for this
enzyme in pigs, or the reaction is catalyzed bgptlzer enzyme. Mephenytoin 4-
hydroxylation was used as a test reaction for CYFE2®ut no enzyme reaction could be
detected in neither conventional nor minipigs [85# Immunoblotting, using anti-rat
CYP2C11 that hybridize to human CYP2C19, did resith a porcine CYP2C protein
and the highest protein level was found for theemaA porcine CYP2C49 cDNA and
protein sequence has been submitted to GenBank 528§B). This sequence shows

about 70% homology to the 4 human CYP2C enzymes.
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CYP2D

In humans, the CYP2D6 enzyme is one of the mopbitant in drug metabolism. It
comprises only 2% of the total P450 [10], but theyene metabolizes about 15% of all
drugs [24], including antidepressants, antipsydsotandp-blockers [19] and it shows
high interindividual differences in humans due tolymorphisms. The capacity of
CYP2D6 should therefore be measured in humans éefedication, in order to avoid
intoxication or adverse effects, but only few pkaoes this routinely. The porcine
CYP2D enzyme has been studied using different matlest and different antibodies
giving rise to different results. Three differeninhan test substrates for CYP2D6,
debrisoquine, bufuralol and dextromethorphan, hbheen used to characterize the
porcine CYP2D.

It was shown that conventional and Goéttingen mgspilid not possess debrisoquine 4-
hydroxylase activity, but could biotransform dextethorphan to dextorphan and
catalyze the 1-hydroxylation of bufuralol [7]. B@gd et al [4] have studied the
metabolism of bufuralol in Yucatan micropigs andrans and found that the Vmax for
micropigs was about 4 times higher than Vmax fomans. No sex differences for
neither the pigs nor humans were seen. Immunohdpttvith different antibodies, gave
different results. Blotting with polyclonal antibied gave rise to some very strong bands,
whereas blotting with monoclonal antibodies gavedetectable band in one study [7],
whereas in another study the same antibody gaeetsis band [8]. These differences
could be due to differences in the stringency & ithmunoblotting assay or differences
in breeds of swine. The metabolism of bufuralol dedtromethorphan was correlated to

the immunoblotting result for several different gioe enzymes and a good correlation
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was seen between the enzyme activities and CYP@tiprlevel in both minipigs and
conventional pigs [7]. This indicates that CYP2Blarot CYP2D is the main enzyme
responsible for these reactions. Inhibition of lbafol hydroxylation with either the
CYP2D inhibitory chemical quinidine or antibody waet possible, whereas the same
chemical inhibitor and antibody inhibited the hunraaction 60-100% [4]. This further
indicates that the porcine CYP2D is not respondiiiehe reaction. On the other hand,
inhibition with orphenadrine, a human inhibitor &YP2B6, was successful and
dextromethorphan O-demethylation and bufuralol drbyylation in porcine
microsomes could be inhibited by 82 % [7]. In aitdt pilocarpine and resveratrol
inhibitors of CYP2B in mouse and rat respectivelguld also inhibit the reaction 70%
and 40 %, which indicate that CYP2B is catalyzihgs treaction. Further, induction
studies performed with hepatocyte cultures incubatéth phenobarbital, a CYP2B
inducer, showed an increase in metabolism of dmdtborphan [2]. In pig liver, a
microsomal CYP2D25 gene catalyzing the vitamn25-hydroxylase activity has been
found. The sequence of this enzyme reveals thiatat member of the CYP2D family
[25], as it contains many characteristics of mioroal P450. Alignment of this protein
sequence and the human CYP2D6 shows that they 3®&3ehomology. This high
degree of homology may cause the antibodies usgdnmunoblotting to hybridize to the
vitamin D; 25-hydroxylase protein instead of the CYP2D6 protén addition to the
vitamin activity, this porcine enzyme can also beta the hydroxylation of the drug
tolterodine, which is another substrate for humafP2D6, showing that this enzyme

exhibits cross reactivity with human CYP2D6.
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CYP2E

The human CYP2E1 is of clinical relevance becatuse inducible by alcohol and it
catalyses the metabolism or bioactivation of mailifferent compounds such as
alcohols, ketones, anesthetics and nitrosaminesabadt 3% of drugs metabolized by
P450 [24]. The enzyme only represents 7% of taiatdn P450

Chlorzoxazone is the most used human test substrastimate the activity of CYP2EL,
both in vivo and in vitro [26], as CYP2E1l catalyséise 6-hydroxylation of
chlorzoxazone. The chlorzoxazone 6- hydroxylaséviactwas measured in porcine
microsomes and it was found to be sex related ortvnipig strains [4, 5], the females
possessing the highest activity. In conventiong$ gind humans, however, no differences
between the sexes were seen [5, 27]. The Gottingeipig activity was higher (F: 6
nmol/min/mg protein, M: 1,23 nmol/min/mg proteirg] [than the activity in Yucatan
micropigs (F: 0.71 nmol/min/mg protein, M: 0.29 niman/mg protein) [4] and Yucatan
micropig results were lower than human activity: 288 nmol/min/mg protein, M: 1.3
nmol/min/mg protein) [4]. The apoprotein level an&NA concentration of CYP2E was
measured in both minipigs and conventional pigs @nshowed that there was no
correlation between the enzyme activity, mRNA lewahd apoprotein concentration,
indicating that the regulation of the gene expmssiould take place at all steps in the
biosynthesis of the protein or that this substisteot specific for the porcine CYP2E [5].
Inhibition studies with antibodies showed that hamzhlorzoxazone 6-hydroxylase
activity could be moderately inhibited by anti-@YP2E1, whereas the minipig activity

was not inhibited at all [4]. Further ketoconazafel troleandomycin (TAO), two
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CYP3A inhibitors could inhibit the activity up t®d¥80% [11, 4]. This also indicates that
chlorzoxazone is not a specific CYP2E substrateigs, but could also be a CYP3A
substrate. Inhibition studies using anti- human EX® antibodies (preliminary results
from our laboratory still not published) showedttl@s antibody could inhibit both the
chlorzoxazone hydroxylase, aniline hydroxylase pamitrophenol hydroxylase activities,
all known human CYP2EL1 test reactions and theyadiractivities found in porcine
microsomes [9]. The reactions could be inhibitedwl#0%, indicating that also CYP2A
plays a significant role in metabolizing these coonpds. In vivo induction studies by
Desille et al. [3] in pigs with phenobarbital, gaige to a 5x increase in CYP2E mRNA
level and an increase in apoprotein concentratishereas the metabolism of
chlorzoxazone was unchanged. This again showsGW&2E is not the main enzyme
responsible for the metabolism of this substratgotAer in vivo induction study, where
minipigs were fed ethanol, an inducer of human C&FB2jave a significant induction of
CYP2E protein level in castrated pigs. The cDNAuws®e and protein sequence of
porcine CYP2E has been submitted to GenBank (sw@mnisno. AB052259) by
M.Kajima. Blast analysis reveals that there is @a%371 /493 amino acids) homology
between the human and porcine protein sequenceeride on where the differences
are, they can alter the substrate affinity, espigdiahey are located in the active site i.e.

substrate binding site resulting in low affinitymard chlorzoxazone.
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CYP3A

In humans the CYP3A4 is the most important P450/mezcomprising about 30% of
total P450 and metabolizing about 36% [24] ofdallgs and it is therefore also the most
studied porcine cytochrome. In addition to drugsis tenzyme also converts sex
hormones, polycyclic aromatic hydrocarbons andigdsts.

Several different human CYP3A4 test substrates haem used to estimate the activity
of porcine CYP3A. The [Bhydroxylation of testosterone, the most used reacin
humans to estimate the activity of CYP3A4 [26], Heeen measured in two minipig
strains and conventional pigs. Yucatan micropigd hahigher enzyme activity than
Gottingen minipigs and conventional pigs, 4.45 nmoi/mg protein compared to 0.87
nmol/min/mg protein compared to 0.45 nmol/min/mgpexctively [4, 5]. These values
compare well to the average testosterone 6-hydageylactivity in humans of 1.69
nmol/min/mg protein. The nifedipine oxidase hasdeen measured in conventional
pigs and minipigs and the activity measured is aliwelsame as the activity obtained in
human microsomes average 0.88 and 2.1 nmol/min/rag fpr pigs [3, 5] and 1.72
nmol/min/mg prot. in humans [22]. The nifedipinedXidation activity correlated well
with the testosterone 6-hydroxylase, and theseviaet again correlated with the
apoprotein level measured using anti-human CYP3#é&immune blotting assay [5].
This shows that CYP3A in pigs is the main enzynspoasible for the two reactions.
Inhibition studies with ketoconazole, a strong Imtor of human testosterone
hydroxylase, confirms this as ketoconazole couhdbih the testosterone hydroxylation

up to 80% and it was found to be just as potepigs as in humans [11,
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4]. Minipig microsomal nifedipine oxidation couldehnhibited with troleandomycin,
another human CYP3A4 inhibitor. This inhibitor hadlower potency towards the
minipig CYP3A than towards the human CYP3A4 [1],iethcould be due to differences
in the amino acid sequence of the protein. The mezievel and inducibility of the
CYP3A enzyme has been studied in vitro in porciepdtocytes by several groups. In
contrast to CYP2A the CYP3A activity remained canstduring the first 72 hrs. of
incubation, and the activity could be induced Hgmpicin 3-4 times [28, 6] , a potent
inducer of CYP3A4 in human hepatocyte cultures.[Bdfjampicin also induces both the
1- and 4- hydroxylation of midazolam, whereas desthimsone, another inducer of
human CYP3A4, could induce neither the testostehyaizoxylation nor the midazolam
hydroxylation [2, 30, 12]. Phenobarbital, phenyt@nd carbamazepine were also able to
induce hydroxylation of testosterone [1, 28]. Intiluc with phenobarbital showed that
CYP3A could be enhanced both in vitro and in vival @t both enzyme activity level,
apoprotein level, and at mRNA level [3].

The porcine CYP3A gene has been isolated and tfifesrent groups have submitted
sequences to the GenBank (accession no. AAD0462&)0B180, All13316). They
share 82-83 % homology with the human protein secgi€416-419/503 amino acid).
This is a higher homology than appeared for the Z&&2 and CYP2E, which is

reflected in more similar substrate affinities.
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Discussion

The metabolism and toxicology of new compoundstbdee tested and this is done using
test animals. When choosing test animals, it isngfortance to know if the cytochrome
P450 complex of the test animal species resembigsaf humans, especially if the
compound is going to be used as a human drug. iGheag become an increasingly used
test animal, both in pharmacology and toxicologgcduse it resembles humans in many
ways. Therefore, it is of importance to characeeand compare the porcine P450 to the
human P450, in order to be able to extrapolaterélsalts from porcine experiment to
humans. Total P450 activity was approximately @ém@e for humans and pigs, depending
on the strain of pigs, as the minipigs tend to havdgher total P450 activity than the
conventional pigs [5]. Many of the reactions cataly by the human enzymes CYP1A2,
CYP2A6 and CYP3A4 can also be measured in pigstlemeénzyme activities correlate
with the apoprotein level found in Western blottinging anti-human antibodies. The
reactions could also be inhibited either with intuky antibodies or with chemical
inhibitors for these enzymes, indicating that thesecine enzyme systems are very
similar to the human enzymes. This is, however tietcase for the CYP2D and CYP2E.
Most of the human test reactions for these enzyrapsalso be catalyzed by porcine liver
microsomes, but the activity does not correlatehwite same apoprotein level. The
metabolism of the human CYP2D substrates, bufueaidl dextromethorphan, correlates
with the protein level of a CYP2B like protein acah be inhibited by CYP2B inhibitors,
suggesting that porcine CYP2B play an importarg iolcatalyzing these reactions. The

human test reactions for CYP2E did not correlath WiYP2E protein level, but could be
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inhibited with anti-human CYP2A and with CYP3A cheal inhibitors, indicating that
these two porcine enzyme systems catalyze thestiaes Chemical inhibition studies
should be carefully evaluated, as most of the cbalisiare not specific inhibitors towards
one enzyme, but may also inhibit other enzymes|dss potent [30]. Small changes in
protein sequence may also result in less potenbdnhibition and the same will apply
for inhibitory antibodies, when they are raised iagiaanother species. Therefore, a
negative result with inhibitory anti-human or ardt- antibodies does not necessarily
imply that the reaction is not catalyzed by the s&mzyme in pigs.

In vitro induction of CYP1A is very similar for huam and porcine hepatocytes [12],
whereas dexamethasone, a human model inducer o8&4Rould not induce porcine
hepatocytes, in contrast to some of the other miodecers. In vivo induction studies
have also been performed using different inducersphenobarbital that was found to
induce CYP1A, CYP2B, CYP2E and CYP3A measured atepr level [3]. Myers et al
[8] also studied in vivo induction at protein levelsing a cocktail containing-
naphthoflavone, phenobarbital and dexamethaxoneir Tiduction results measured at
protein level varied, depending on the antibodsesdufor immunoblotting. The drawback
of these in vivo induction experiments is, howetkat the control levels of the induced
pigs are not known. This makes it more difficultfitmd significance in these studies, as
the standard deviation is high because of big imd@ridual differences. A study looking
at gender specific induction of CYP2A, however, basrcome this by hepatic resection.

The resection makes it possible to measure theatdevel for the pigs used in the
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experiment [22]. The same applies for inducersfoasnhibitors, they are very rarely
specific towards one enzyme, but are able to indeveral enzymes [28]. It is therefore
of importance, when studying the induction at thetgin level, to know the specificity of
the antibodies used for immunoblotting and to upecks specific antibodies, if
available, or to use antibodies specific to speciesely related. Looking at induction at
the activity level is also difficult, because ofettack of total specificity towards the
different substrates. If the induction is transtoipal, it can also be followed at the
MRNA level. The induction of mMRNA can, in contrast activity and apoprotein
induction, be measured specifically for each enzyimthe cDNA sequence is known.
This will give a more reliable (precise) measuneifoluction.

Much work has yet to be done in order to fully etherize the porcine P450 enzymes.
First of all, sequencing of the enzymes’ cDNA thate not yet been sequenced i.e. the
different CYP2C, should be done. Then cloning ef $kquenced genes and recombinant
expression of each P450 enzymes will enable thimgesf substrate specificity towards
the proteins, one by one. In order to deduce hamyn?o of total P450 each enzyme
account for, one must raise porcine specific imnoiting antibodies against the
different enzymes. Specific porcine inhibitory &otilies against the enzymes will also be
needed to estimate how big a role each enzyme phayise metabolism of different
substrates in porcine microsomes.

Evaluation of toxicity and metabolism of new drugdased on animal test systems and
the selection of an appropriate system is of patarnhanportance. Before testing it is
important to try from e.g. QSAR (quantitative stire-activity relationship) analysis to

decide which CYP(s) is expected to be involved thieth decide on species for the testing
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procedure. It can be concluded, from what is kn@awpresent about the porcine CYP
enzymes, that the pig is a good test species, RI3Y, CYP2A and CYP3A are involved

in the metabolism of the compound to be tested.
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