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Bama Miniature Pigs (Sus scrofa domestica)
as a Model for Drug Evaluation for Humans:
Comparison of In Vitro Metabolism and In Vivo
Pharmacokinetics of Lovastatin

Yu Liu, Ben-hua Zeng, Hai-tao Shang, Yan-yan Cen, and Hong Wei*

The objective of this study was to demonstrate that Bama miniature pigs are a suitable experimental animal model for the evalua-
tion of drugs for man. To this end, in vitro lovastatin metabolism at the minipig liver microsomal level and in vivo pharmacokinetics
were studied. Results were compared with those obtained from humans. Our data indicate that the main metabolites and enzyme
kinetic parameters of lovastatin metabolism are similar in pigs and humans. Triacetyloleandomycin, a specific inhibitor of human
CYP3A4, inhibited the metabolism of lovastatin in pig and human liver microsomes. In addition, the pharmacokinetic parameters
and absolute bioavailability suggested that the absorption and elimination of lovastatin in Bama miniature pigs were similar to those
in humans. Lovastatin was distributed across many organs in pigs, but the highest levels were found in the stomach, intestines, and
liver. Within 96 h, 7% and 82% of the given dose was excreted in the urine and feces, respectively. In addition, no significant species
differences in the plasma protein binding ratio of lovastatin and the rates of lovastatin hydrolysis to f-hydroxyacid lovastatin were
apparent. From these results, we conclude that Bama miniature pigs are suitable for use in drug evaluation studies.

Abbreviations: CL, intrinsic clearance; CYP, cytochrome P450; HA, B-hydroxyacid lovastatin; TAO, triacetyloleandomycin.

Chinese Bama miniature pigs are genetically stable, highly in-
bred, small, inexpensive and share anatomical and physiological
similarities with humans.>**2 This makes the breed an excellent
model for use in cardiovascular, gastrointestinal, renal system
and skin pharmacological and xenotransplantation research.>*
Several strains of minipig such as the Gottingen, Yucatan, Sinclair,
and Hanford, have been adopted as toxicological and pharma-
cological models in many countries. Minipigs also have become
very popular for pharmaceutical studies in place of dogs and pri-
mates, especially in Europe.” Some sectors of the pharmaceutical
industry have selected minipigs as animal models when devel-
oping dermally applied drugs and inhalations due to their spe-
cific responses to these kinds of drugs.”®* In addition, the State
Food and Drug Administration of China recently announced
that minipigs can be used for preclinical pharmacokinetic stud-
ies of new chemicals. * Our previous studies found several in-
teresting similarities in drug metabolism by liver microsomes
between Chinese Bama miniature pigs and humans. In particu-
lar, human cytochrome P450 (CYP) 3A4 may be well modeled
by liver microsomes from Bama miniature pigs because of the
similarity in their nifedipine oxidation activity and testosterone
6B-hydroxylation reaction.'® However, despite the advantages
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of using minipigs as a drug evaluation model, researchers in the
fields of pharmacology and toxicology generally still prefer to
use dogs, monkeys, and, more often, rodents. This preference
likely reflects a lack of basic research and the availability of kinetic
data in these areas. Therefore, to promote the use of Bama minia-
ture pigs in preclinical drug evaluation, additional comparative
pharmacology and toxicology studies between these animals and
humans are necessary.

Lovastatin, a prescription drug frequently used to treat car-
diovascular disease and a specific substrate for CYP3A4 in the
liver,”#'® was selected as a model drug in the present study. Lo-
vastatin is hydrolyzed to its active form, B-hydroxyacid lovasta-
tin (HA), in vivo and then inhibits 3-hydroxy-3-methylglutaryl
coenzyme A reductase and endogenetic cholesterol synthesis.
Lovastatin has a short elimination half-life in humans and a high
selectivity for the liver, its primary site of action, where it has a
high first-pass effect.’**** Lovastatin reportedly is metabolized by
CYP3A4 in human liver microsomes to yield 3 major metabolites:
6B-hydroxy lovastatin, HA, and 6™-exomethylene lovastatin.’®*

In the present experiment, we studied the similarities and dif-
ferences in subcellular in vitro lovastatin metabolism in miniature
pigs and humans. We also evaluated the pharmacokinetic param-
eters, absolute bioavailability, tissue distribution, excretion, and
plasma protein binding of lovastatin in vivo. These data were
compared with previously published results obtained from hu-
mans and other species.
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Materials and Methods

Chemicals. D-glucose-6-phosphate, glucose-6-phosphate de-
hydrogenase, NADP*, and triacetyloleandomycin (TAO) were
purchased from Sigma Chemicals (St Louis, MO). Lovastatin was
obtained from Chongqing Daxin Pharmaceutical (Chongging,
China) whereas lovastatin standard was purchased from the Na-
tional Institute for the Control of Pharmaceutical and Biological
Products in China. Acetonitrile was obtained from Tedia (Fair-
field, Ohio). All other chemicals were the highest grades available
from commercial suppliers.

Standard solution. A stock solution of lovastatin was prepared
in acetonitrile (1 mg/ml). The method to obtain the acid form of
lovastatin (that is, HA) was obtained from the literature.!’ In all
animal studies, lovastatin was suspended in 0.5% methyl cel-
lulose for oral dosage or dissolved in 50% dimethyl sulfoxide in
normal saline for intravenous use. The chromatographic retention
times of lovastatin and HA were verified by comparison with
standards.

Experimental animals and treatments. Bama miniature pigs (Sus
scrofa domestica) were obtained from our laboratory. The animals
weighed 10 to 12 kg (male; age, 6 mo) and were fed and treated as
described.' Procedures involving animals were approved by our
institutional animal care and use committee and complied with
the Laboratory Animal Management Principles of China.? All
animals were euthanized by intravenous injection of pentobarbi-
tal sodium (150 mg/kg body weight).

For the in vitro study, samples were taken from the left me-
dial lobe of the liver of minipigs within 5 min of death. Samples
of human liver from 3 Chinese autopsy samples (male; ages 33,
25, and 46 y) and plasma from 3 volunteers were obtained from
Chongging Southwest Hospital, China. These materials had been
donated for research use, and this study was approved by the
Ethics Committee of Third Military Medical University.

Thirty healthy Bama miniature pigs were used for the in vivo
study. The animals were allowed to acclimate for 2 wk before
the experiment was initiated; during the experimental period,
minipigs were maintained on commercial concentrate piglet feed
offered twice daily. Water was provided ad libitum. Animals were
divided into 4 groups. Group I consisted of 8 animals which were
used to study the pharmacokinetic parameters and absolute bio-
availability of lovastatin after a single oral dose of 6 mg/kg body
weight (4 animals) or intravenous dose of 1.2 mg/kg body weight
(4 animals). Group II comprised 16 animals used to study tissue
distribution: 4 animals were used as a negative control, and 4 each
received a single daily oral dose of 45 mg/kg body weight at 1-,
4-, and 24-h intervals for 15 consecutive days. Group ¥ comprised
6 animals used to determine the excretion of lovastatin in urine
and feces collected for 96 h after a single oral dose of 2.4 mg/kg
body weight.

In vitro metabolism and analysis. Minipig liver microsomes
were prepared from the livers of untreated male animals using
procedures described in the literature.® Microsomal proteins were
measured by the method of Lowry with bovine serum albumin as
a standard."” Microsomal enzyme activity was measured by using
a published approach.*® The reaction tubes were centrifuged for
10 min at 14,300 x g and 4 °C, and the supernatants were ana-
lyzed by HPLC. To isolate metabolites for structure identification,
semipreparative-scale mixtures in a final volume of 10 ml were
incubated for 60 min.”” The incubation mixtures were extracted
with 20 ml ethyl acetate. After centrifugation, the organic layers
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were transferred into a glass tube and dried under a vacuum. The
samples were redissolved in 100 pl acetonitrile.

Due to the lack of standards for 6’-B-hydroxy-lovastatin and
6’-exomethylene lovastatin, kinetic parameters (K_and V) were
evaluated based on loss of substrate rather that formation of me-
tabolites. Concentrations of lovastatin ranging from 0 to 200 uM
were used to determine kinetic parameters. TAO, an inhibitor
of human CYP3A4,?2 was used in the inhibition studies at con-
centrations ranging from 0 to 500 uM. Reactions were initiated
by adding lovastatin after the liver microsomes and TAO were
preincubated for 20 min at 37 °C. Lovastatin consumption was
expressed as a percentage of that of the control reaction without
inhibitor.

The samples were analyzed by HPLC (1100 series, Agilent, San-
ta Clara, CA) with a XDB-C18 analytical column (4.6 x 250 mm, 5
pm). The column was eluted with a linear gradient of acetonitrile
(30% to 90%) in 5 mM formic acid at a flow rate of 1.0 ml/min
and a gradient change of 2%/min. Eluates were monitored con-
tinuously at 238 and 273 nm and the column temperature was
set at 25 °C. The total run time for sample analysis was 30 min.
Mass spectra of metabolite fractions were obtained by tandem
mass spectrometry (API 2000, Applied Biosystems, Foster City,
CA) at 70 V electron energy and a source temperature of 260 °C.
Lovastatin metabolites were identified by their characteristic UV
absorption and HPLC-mass spectrometry spectra.?’

In vivo pharmacokinetic analysis. The collection and treatment
of blood samples, urine, and feces was performed as described
previously.” At 24 h before drug administration, the pigs under-
went jugular vein cannulation with medical-grade silicon tub-
ing by surgical intervention. Cannulas were introduced into the
jugular veins of anesthetized minipigs; each cannula was directed
toward the heart, and the free end was tunneled subcutaneously
to the dorsal base of the neck. After surgery and before drug ad-
ministration, the animals were fasted overnight (12 h), but water
was made freely available.

Blood samples (4 ml) were collected from the cannulated jugu-
lar vein into heparinized glass test tubes at0,0.5,1,1.5,2,2.5, 3, 4,
6, 8,10, and 12 h after administration of drugs. Samples of urine
and feces were collected at 12, 24, 48, 72, and 96 h after adminis-
tration of lovastatin. Feces were dried, weighed precisely, homog-
enized with 100 mM potassium phosphate (pH 7.4) at a ratio of
1:15 (w/v), and stored at —20 °C. To study tissue distribution, ani-
mals were euthanized and representative 1-g samples were col-
lected from the following tissues: liver, heart, spleen, lung, kidney,
adrenal gland, pancreas, body and cardia of the stomach, testis,
wall of the small and large intestines, prostate, brain, bladder, and
skeletal muscle. Tissues were weighed, cut into small pieces, ho-
mogenized with 100 mM potassium phosphate (pH 7.4), diluted
to 250 mg tissue/ml homogenates, and stored at —20°. Tissue and
fecal homogenates as well as samples of plasma and urine (1 ml
each) were extracted with 4 ml of acetic ether. After centrifuga-
tion at 1100 x g for 15 min, the organic layers were removed, and
the aqueous layers were pooled and dried under vacuum, after
which the samples were redissolved in 100 pl acetonitrile and
centrifuged at 11,000 x g for 10 min. The supernatants underwent
HPLC analysis using a Hypersil ODS column (4.0 x 250 mm, 5
pm; Agilent). The mobile phase consisted of 25 mM sodium dihy-
drogen phosphate solution (pH 4.5) and acetonitrile (40:60, v/v).
The column was maintained at 50 °C with a flow rate of 1 ml/
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min, and the UV detector was set to monitor at 238 nm. The total
run time for sample analysis was 15 min.

Protein combination rate and hydrolysis of lovastatin in plasma.
Binding of lovastatin by Bama miniature pig and human plasma
protein was determined by equilibrium dialysis.” The rate of hy-
drolysis of 5 pug/ml lovastatin to HA in plasma was measured as
described previously.’

Data analysis. The apparent K, and V _values were calculated
from Lineweaver-Burk plots, and CL, , values were estimated.
The pharmacokinetic parameters were evaluated with the 3p97
program (Committee of Mathematic Pharmacology, Chinese So-
ciety of Pharmacology), * and absolute bioavailability was as-
sessed. The Student ¢ test was used to analyze data, and a P value
of less than 0.05 was considered statistically significant.

Results

Comparison of metabolites produced in vitro. The HPLC
chromatogram revealed no discernible differences between
the metabolites of lovastatin produced by minipig and human
liver microsomes (Figure 1). Three main metabolites—-HA, 6"-B-
hydroxy-lovastatin, and 6’-exomethylene lovastatin—-were pro-
duced. Peaks corresponding to HA (eluted at 19.7 min; peak 2)
and lovastatin (24.7 min) were identified by using authentic stan-
dards. Two further metabolites were eluted at 11.5 min (peak 1)
and 23.2 min (peak 3). UV spectrometry analysis of these peaks
confirmed the identity of the metabolites in both pigs and human
liver microsomes. Peak 1had a A _at 238 nm and the character-
istic structural pattern (triplet) of partially modified lovastatin
(Figure 2 A). Peak 3 exhibited a large bathochromic shift with
A, at 274 nm. Peak 1 showed a molecular ion peak at 11/z 443
[M+Na]* whereas peak 3 showed a molecular ion peak at m/z 403
[M+H]. These results are similar to those described previously®
and indicate that peaks 1 and 3 were 6’-B-hydroxy-lovastatin and
6’-exomethylene lovastatin, respectively. On the basis of results
from human studies,'"'® the metabolism of lovastatin is similar in
the liver microsomes of Bama miniature pigs and humans.

Liver microsomes from pigs and humans catalyzed the bi-
otransformation of lovastatin at rates of 3.76 and 3.92 nmol/mg/
min, respectively. We compared the kinetic parameters of lovas-
tatin metabolism in minipig liver microsomes (Table 1 and Figure
3) with those of humans. Although the K_and V__ values were
lower in pigs than humans, the CL, , values estimated by the K
and V__ values were similar (Table 1).

Lovastatin was metabolized by CYP3A4 in human liver mi-
crosomes. The presence of enzymes in Bama miniature pigs simi-
lar to human CYP3A4'¢ has been reported. Therefore, we studied
the inhibitory effect of TAO, which is specific to CYP3A4 in hu-
mans, on the metabolism of lovastatin in minipigs. TAO clearly
inhibited the conversion of lovastatin in the pig microsomes, simi-
lar to its effects in humans, and the same inhibition curve trend
was present (Figure 4). However, TAO had a weaker inhibitory
effect on pig microsomes than on those from humans: TAO at
100 pX inhibited the metabolism of lovastatin in human liver mi-
crosomes by 75% and in pigs by only 35%.

Pharmacokinetics of lovastatin in Bama miniature pigs. The
HPLC chromatogram indicated the peak of lovastatin was eluted
from pig plasma at 6.9 min (Figure 5). The concentration-time
profiles of lovastatin are illustrated in Figure 6. The mean plasma
concentration of lovastatin after a single oral administration (6
mg/kg) at 3 h was 32.99 + 3.64 ng/ml, which declined to 1.34
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Figure 1. Spectra of lovastatin metabolites in liver microsomes from
Bama miniature pigs and humans. (A) Bama miniature pigs. (B) Hu-
mans.

+0.23 ng/ml by 24 h. After a single intravenous administration
(1.2 mg/kg), the mean plasma concentration at 0.5 h was 421.05
+70.62 ng/ml, which declined to 2.04 £ 0.97 ng/ml by 24 h. The
drug concentration-time data for both oral and intravenous ad-
ministration routes fit a 1-compartment open model. The values
of various pharmacokinetic parameters of oral and intravenous
administration are presented in Tables 2 and 3, respectively. The
absolute bioavailability of lovastatin was 4.97+ 0.68%.

The concentrations of lovastatin in stomach cardia, stomach
body, small intestine, and liver at 1 h after a single oral admin-
istration (45 mg/kg) were higher (P <0.05) than in other tissues
(Table 3). However, the tissue distribution of lovastatin after ad-
ministration for 15 consecutive days and that at 4 h after a single
oral administration did not differ. The concentration of lovastatin
at 1 h was higher than at 4 h in the cardia of the stomach, body of
the stomach and liver (P <0.05). However, in the spleen, kidney,
pancreas, testis, large intestine, brain, and plasma, the concentra-
tion was lower (P <0.05) at 1 h than at 4 h. In other tissues, the
distribution of lovastatin did not differ between the 1- and 4-h
timepoints.

The time course of lovastatin excretion is shown in Figure 7
. Most of the total dose administered was eliminated within 96
h; around 7% of that excreted was excreted in the urine and 82%
in the feces. The greatest amount of lovastatin eliminated was
around 76% and occurred within 48 to 72 h of administration.

Comparison of PPBR and rates of lovastatin hydrolysis in Bama
miniature pigs and humans. We compared protein binding of lo-
vastatin in pig and human plasma at concentrations of 5, 50, and
500 pg/ml (Table 4). Overall means (pigs, 95.79% + 1.42%; hu-
mans, 97.04% * 1.72%) did not differ between species. Rates of
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Figure 2. UV absorption spectra of metabolites in liver microsomes from Bama miniature pigs in the wavelength range of 200 to 400 nm. (A) 6’-B-

Hydroxy-lovastatin. (B) HA. (C) 6"-Exomethylene lovastatin. (D) Lovastatin.

lovastatin hydrolysis to HA at 5 ug/ml were 0.74%/min for Bama
minijature pigs and 0.66%/min for humans.

Discussion

Selection of the most suitable experimental animal for model-
ing drug evaluations in man requires an interspecies comparison
of metabolic processes. Interspecific variation in drug metabo-
lism mainly results from different liver CYP enzyme contents and
activity.?* Therefore, to identify animal models that are closely
representative of humans, numerous studies have focused on
comparing the kinetic parameters, activities, and inhibition pro-

files of enzymes from experimental animal liver microsomes with
those obtained for humans.'?

CYP450 3A from mice, male rats, minipigs, and monkeys is sim-
ilar to that in humans in terms of testosterone 6B-hydroxylase ac-
tivity and the inhibition profiles of ketoconazole.' Our study also
showed that the metabolism of lovastatin by liver microsomes
was similar between Bama miniature pigs and humans. First, the
main metabolites detected in both pigs and humans were 6’-B-
hydroxy-lovastatin, HA, and 6"-exomethylene lovastatin.*'* Sec-
ond, significant differences in enzyme kinetic parameters were
not found between pigs and humans. Although the metabolic
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Table 1. Kinetic constants of lovastatin consumption in Bama minia-
ture pigs and human liver microsomes

Microsome V. (@mol/min/ CL,_, (ml/min/
source K_ (uM) mg) mg)

Bama minipigs  66.332 £2.646 6.465 +0.131 0.098 +0.006
Humans 87.642 £ 2.682 8.821 £ 1.564 0.101 £0.019
K, and V__ values were determined by incubation of lovastatin

(approximately 200uM), and the values were calculated from
Lineweaver—Burk plots.
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Figure 3. Lineweaver—Burk plots of lovastatin consumption in liver mi-
crosomes from Bama miniature pigs and humans. Kinetic parameters
(K, and V__ ) were evaluated from substrate consumption. Lovastatin

concentrations ranging from 0 to 200 UM were used to determined the
kinetic parameters.

enzymes from pigs had greater affinity (lower K ) for lovastatin
than those from humans, the metabolic rate of lovastatin in pigs
was highly similar to that in human microsomes. Third, TAO, a
specific probe for human CYP3A4, had a pronounced inhibitory
effect on the metabolism of lovastatin in Bama miniature pigs. In
a previous study, ketoconazole, another highly potent selective
inhibitor probe of human CYP3A4, also significantly inhibited
nifedipine oxidation and testosterone 6B-hydroxylation activities
in the same breed of pigs.' The similar selectivities of inhibitors of
these activities suggest that liver microsomes from Bama minia-
ture pigs exhibited activity characteristic of human CYP3A4. The
CYP3A29 enzyme of minipigs, which showed 60% identity with
human CYP3A4, seems to be an important form of CYP3A.%%
However, the CYP3A enzymes from Bama miniature pigs need
further characterization to study interspecies differences and
variations with humans.

The in vivo pharmacokinetics of lovastatin were also similar in
Bama miniature pigs and humans. The maximum concentration
achieved in pigs occurred at 2.12 + 0.35 h, which is similar to that
in humans (2 to 4 h).® In addition, significant interspecies differ-
ences in the absorption and elimination of lovastatin were not
noted (pig: K, =0.97+0.141/h, K, = 0.19£0.02 1/h; human: K =
0.82+0.551/h,K_ =0.21+0.051/h).* Because of poor absorption,
minipigs had low bioavailability (F = 4.97+ 0.68%), as also report-
ed for humans (F < 5%).* Compared with those in mice, rats, and
dogs, the percentage of plasma protein binding and the lovastatin
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Figure 5. Representative chromatograms of lovastatin in Bama mini-
ature pig plasma. (A) Plasma blank (no-lovastatin control). (B) Plasma
sample after administration of lovastatin.

hydrolysis rate in Bama miniature pigs were more representative
of those in humans.**

In the tissue residue study, lovastatin was distributed rapidly to
different tissues. No noticeable differences were detected in tissue
distribution after a single dose of lovastatin or doses administered
over 15 d. This findings indicate that no accumulation occurred
at the whole-body level as described previously.’ High concentra-
tions of lovastatin were detected in the stomach and intestines of
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Figure 6. Profiles of average lovastatin concentration-time curves in
Bama miniature pig plasma after (A) a single oral dose of 6 mg/kg and
(B) an intravenous dose of 1.2 mg/kg (n = 4).

Table 2. Pharmacokinetic parameters of lovastatin in Bama miniature
pigs (n = 4) after a single oral dose of 6 mg/kg or an intravenous dose
of 1.2 mg/kg

Parameter Oral Intravenous
Ko (1/h) 0.97 £0.14 not applicable
K, (1/h) 0.19£0.02 0.31+0.07
Lag time (h) 0.44+0.01 not applicable
t, K, (h) 0.72+£0.28 not applicable
t,,K, (h) 3.71£0.20 2.24+0.85

T i (1) 2.12+0.35 not applicable
C,_.. (ng/ml) 27.83 +8.59 not applicable
AUC (ng/ml) xh 220.26 + 56.60 886.48 +315.26

AUC, total area under the plasma concentration-versus-time curve ;
C,.» maximal plasma concentration; Kc, absorption rate constant; K,
elimination rate constant; t, Ky absorption half-life; t, Ko elimination
half-life; T, time to reach maximal plasma concentration

Pharmacokinetic parameters were evaluated with the 3p97
pharmacokinetics program.

Bama minipigs at1 h after oral administration, suggesting that the
majority of lovastatin was metabolized or excreted by the gastro-
intestinal tract. Lovastatin exhibited high selectivity for the liver
and achieved substantially higher concentrations in hepatic than
nontarget tissues. This finding demonstrates that the liver is the
primary site of action in pigs as well as humans, in which lovas-
tatin underwent extensive first-pass extraction in hepatic tissue.”
Therefore, the availability of lovastatin to the general circulation
appears to be low, although its concentration in some tissues rose

Metabolism of lovastatin in Bama miniature pigs

Table 3. Lovastatin concentration in different tissues of Bama minia-
ture pigs (n = 4) after oral administration

Concentration of lovastatin in tissues (ng/g)

At 1h after At4hafter  After administra-
Tissue single dose single dose tion for 15 d
Liver 410+1.34 296 £0.91 3.06+1.25
Heart 1.86 £ 0.61 1.23+£0.27 1.26 £0.35
Spleen 0.05+0.01 0.25£0.04 0.26 +0.02
Lung 1.45+0.29 1.50+£0.17 1.70 £0.27
Kidney 0.68 £0.14 1.25+£0.18 1.34+£0.26
Adrenal gland 0.49 £0.09 0.48+0.13 0.50 £0.05
Pancreas 0.41+£0.14 2.78+£0.78 2.47£0.58
Stomach body 10.03+1.78 4.39+0.98 3.67 £0.75
Stomach cardia 10.63 £1.42 6.38£1.25 6.55 +1.02
Testis 0.18+0.01 0.70 +0.09 1.20+0.39
Small intestine 5.79+2.26 426+1.46 535+1.28
Large intestine 1.10+£0.35 290 +£0.54 2.93+0.75
Prostate 1.95+0.45 245+1.25 3.01+£1.10
Brain 0.14£0.03 0.28 £0.09 0.54+£0.17
Bladder 0.40£0.29 0.30+0.35 0.35+0.22
Muscle 0.75+0.04 0.92+0.16 1.01+£0.35
Plasma 0.16£0.01 0.41+0.09 0.39+£0.17

Samples of the 17 tissues were collected at 1 and 4 h after a single oral
dose and at 4 h after multiple oral doses of 45 mg/kg.

gradually after an increase in plasma concentration. The presence
of lovastatin in the brain suggested that the drug could cross the
blood-brain barrier and enter the central nervous system due to
its prodrug liposolubility characteristics.”

A high percentage of the total dose of lovastatin was recov-
ered in the feces, indicating that, as in rats, dogs, monkeys, and
humans,??> fecal excretion is the main route of elimination in
Bama minipigs. The major form of the parent drug was excreted
in the bile, but less than 10% of lovastatin was excreted in the
urine of minipigs.”*®

In summary, the combined results of in vitro metabolic and in
vivo pharmacokinetic studies of lovastatin suggest that the liver
microsomes of Bama miniature pigs exhibit a similar substrate
specificity and activity to CYP3A4 in humans. This profile indi-
cates that similar proteins to CYP3A4 may exist in Bama min-
iature pig liver microsomes. Thus, at the microsomal level, this
breed of pigs seems to be a good model of drug metabolism when
human CYP3A4 is involved. The overall pharmacokinetics of
lovastatin in minipigs showed that these animals have the poten-
tial to be an ideal preclinical pharmacokinetic model of such car-
diovascular drug classes. However, to promote the use of Bama
miniature pigs for this purpose, more data comparing toxicologic
pathologies is necessary. However, the characterization and com-
parison of the main metabolic enzymes in Bama miniature pigs
is an important step in valid extrapolation of drug evaluation
results to humans.
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Figure 7. Profiles of average lovastatin concentration-time curves in the
(A) urine and (B) feces of Bama miniature pigs after a single oral admin-
istration of 2.4 mg/kg (n = 6).

Table 4. Plasma protein binding rate of lovastatin in Bama miniature

pigs and humans
Percentage of protein binding (%)
Concentration (ug/ml) Bama miniature pigs Humans
0.5 96.87 £1.25 97.88 £1.76
5 95.47 +1.10 97.01+1.34
50 95.03 +£1.57 96.27 +2.22
Overall mean 95.79 £1.42 97.04+1.72

Plasma protein binding of lovastatin in pigs and humans were
determined by equilibrium dialysis."” Plasma lovastatin concentrations
of 0.5, 5, and 50 ug/ml were dialyzed for 24 h at 37 °C with phosphate
buffer (0.02 M; pH 7.4;n = 3).
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