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Abstract: This study was performed to set up a transcriptional database of the intestinal metabolizing enzymes
in beagle dogs. The total RNA was isolated from the duodenum and the mRNA expression was measured using
GeneChip® cligonucleotide arrays. Detected genes from the mtestine were about 47% of 43, 035 sequences and
total of 79 genes involved metabolizing enzymes. Among the phase I enzymes, dogs exlubited abundant gene
expressions of CYP3A12, CYP2B11, LOC610195 (sumilar to CYP2I2) followed by LOCA489851 (similarto CYP3A4),
CYP27A1 and CYP31. For phase T enzymes, acetyltransferase ACATI, glutathione S-transferases GSTA3 and
GSTPI1, sulfotransferases SULTIA1 and SULTID, acyltransferases DGAT] and ACAAl and
glucuronosyltransferase UGCG were highly expressed in duodenum. The dogs expression profiles were
compared with those in mice based on gene classification and amotation. Between the two species, the
regression of all enzymes (n = 36) with same annotations was 0.496 as andcoefficient of determination (R”)
however, two cytochrome P450s including CYP2S1 and CYP4B1 were expressed <5 fold and phase Il enzymes
including GSTA3, SULT1AlL, SULTIDI, TPST1 and UGCG were expressed =5 fold changes in dogs (t-test,
p<0.01). In sum, theses data indicated significant differences between beagle dogs and ICR mice in the mRNA
expression of both p450s and phase 1T metabolizing enzymes. These animals are the most widely used
species/lines in toxicological and pharmacological screeming. Therefore, this database will be useful for

predicting and scaling the intestinal drug metabolism between rodents (mice) and non-rodents (dogs).

Kev words: Gene expression, metabolizing enzymes, intestine, mouse, dog,

INTRODUCTION

Exploration of the genome using DNA microarrays
and other genome-scale technologies narrows the gap in
the knowledge of gene function and molecular biology
between the currently-favored model organisms and other
species (Brown and Botsteir, 1999). The completion of the
genomic sequences of model organisms and the DNA
sequencing of human and knowledge of cross-species
gene homologies enables to study the different gene
expression in animal models (Che et al., 1995). Among the
model animals, dogs are recognized as an unrivalled model
for the study of human disease (Starkey et al, 2005).
Additionally, dogs have been emerged as a premier
species for the study of biology and the recent availability
of a high-quality draft sequence lifts the dogs system to
a new threshold. The dogs genome organization was
extensively studied in the last 10 years. With advances in
genomics, microarray technology has been used in

targeting specific tissue genes such as intestinal
transporters and/or enzymes. This type of study has the
potential to greatly enhance the understanding of
pharmacokinetic and pharmacodynamic properties of oral
drug molecules. Tt is now accepted that the diug
absorption process from intestine is highly associated
with the functional gene expression of intestinal
transporters and metabolizing enzymes (Wang ef af.,
1999),

After absorption, many drugs are chemically altered
in the body by various reactions of metabolizing enzymes
which are classically divided into phase T and Phase 1T
enzymes (Anzenbacher and Anzenbacherova, 2001).
Although, the enzymes are predommantly found in the
liver, the intestinal enzymes also deserve special
mechanism for modulating the diug availability as the
main contributor of prehepatic clearance of drugs
(Beaumont, 2003). Furthermore, the commonly prescribed
drugs undergo extensive first-pass metabolism following
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oral ingestion. For all of these at least 45% of the original
doses were lost on average by the time they reach the
systemic cuculation. Knowledge of the degree and
variation in the expression of the major drug metabolizing
enzymes of the intestine is therefore, essential as not only
such enzymes represent a key determinant of the extent of
first-pass elimination but also the interspecies variation in
the oral bicavailability, the probability and the magmtude
of drug-drug or food-dirug interactions. Recognition of
these potential consequences of intestinal metabolism
should further aid and predict the oral bioavailability and
drug disposition during both in climcal and preclinical
stages of development.

The genomic comparison of the intestinal enzymes
among some species 1s very valuable for interspecies
comparison of drug bioavailability and ammal scaling for
predicting the metabolic capacity. Although, mouse and
dogs are not used as model animals in classical
pharmacology and toxicology screeming but also are
mnportant species (dogs) in the field of veternary
medicine. Comparative estimation of these species is very
limited to the gene expression levels of drug targeting
(Amidon ef af., 1988). Thus, it 1s mteresting to investigate
the transcriptional profiles of the intestinal metabolizing
enzymes in animal models for assessing the factors which
altering pharmacokinetics (Oh ez al., 1993). This study
was therefore, carried out to set up a dog gene expression
database i duodenum and mvestigated the effective
statistical and bioinformatical method to compare the
different data set from different species, tissue types,
physiological state and types of DNA microarrays.

MATERIALS AND METHODS

Materials: TRIzol reagent and superscript choice system
for ¢cDNA synthesis kit were purchased from Invitrogen
(Carlsbad, TISA). BioArray high-yield RNA transcript
labeling kit was obtained from Enzo Biochem (New York,
USA). RNeasy kit was supplied by Qiagen (Valencia,
USA). GeneChips mcluding Dogs 2.0 and mouse 4304 2.0
were provided by Affymetrix (Santa Clara, CA, TJSA). The
GeneChip hybridization and scanning were performed at
the Seoulin Molecular Biology Technique Center (Seoul,
Republic of Korea).

Animals: Beagle dogs (4 males, 5.5-7.6 kg, Marshall
Beijing, China) were housed in a controlled semi-barrier
system room of Chemon Co. (Yongin, Republic of Korea).
The animals were determined to be healthy on the basis of
clinical examination (KFDA’ Guide for the Care and Use of
Laboratory Amimals mn 2009). ICR mice (30-40 g) were
obtamed from Orient Bio Co. (Seoul, Republic of Korea)

and housed in a controlled animal room of Konkuk
University, Seoul, Republic of Korea. The animals were
fed solid pellets and watered ad libifum. All procedures
were carried out with the approval of the Konkuk
University Institutional Animal Care and Use Committee.

RNA isolation: Mucosal tissues of dog and mouse
duodenum were immediately scrapped with a clean glass
slide, transferred to a new frozen vial and dipped into
liquid N,. Approximately 100 mg of tissue was added
to 1 mL TRIzol reagent and homogenized with razor on ice.
The homogenate was transferred to a new tube and then
200 pL chloroform was added to the TRIzol mixture. After
centrifuged at 12, 500 rpm for 15 min at 4°C, the aqueous
phase was transferred to a new tube and the RNA was
precipitated with a 500 pL of 1sopropanol and washed with
80% ethanol. The RNA was further purified with an
RNease Mini kit (Qiagen, Valencia, USA) according to
manufacturer’s manual. The concentration of the purified
RINA was measured at 260 nm. About 5 pg of the purified
RNA was mixed with RNA loading buffer and heated at
75°C for 15 min. After cooling down on ice for 5 min, the
RNA was loaded on 1% agarose/formaldehyde gel in
1 xMOPS buffer. The gel was run at 80-100 V for 50 min
and two sharp 18 and 288 bands was confirmed under UV,

Microarray assay: From the total RNA samples, probe
synthesis, hybridization, detection and scanning were
performed according to the standard protocols from
Affymetrix, Tnc. (Santa Clara, USA). The cDNA was
synthezied using the One-Cycle ¢cDNA Synthesis Kit
(Affymetrix, Santa Clara, CA, USA). Smgle stranded
cDNA was synthesized using Superscript IT reverse
transcriptase and T7-oligo(dT) priumers at 42°C for 1 h.
Double stranded ¢DNA was obtained by using DNA
ligase, DNA polymerase [ and RNase H at 16°C for 2 h
followed by T4 DNA polymerase at 16°C for 5 min. After
clean up with a Sample Cleanup Module (Affymetrix,
Santa Clara, CA, USA), ds-cDNA was used for in vitro
Transcription (IVT). The cDNA was transcribed using the
GeneChip TVT Labeling Kit (Affymetrix, Santa Clara, CA,
TUSA) in the presence of biotin-labeled CTP and UTP.
After clean up with a Sample Cleanup Module (Affymetrix,
Santa Clara, CA, USA), the biotin-labeled IVT-RINA was
fragmented. Fragmented cRNA was hybridized at 45°C for
16 h according to the manufacturer’s instructions. After
hybridization, the arrays were washed in a GeneChip
Fluidics Station 450 with a non-stringent wash buffer at
25°C followed by a stringent wash buffer at 50°C.
After washing, the arrays stained with a
streptavidin-phycoerythrin complex. After staimng, the
intensities were determined with a GeneChip scanner. The

were
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duodenal mRNA expression profile obtained for SLCT5A1
from microarray data analyses was validated using
semiquantitative RT-PCR. The RT-PCR assay was
performed as described previously (Shin et al., 2000).
SLC15A1 mRNA expression in the individual biopsies
determined by RT-PCR exhibited a pattern similar to that
observed with the microarray data.

Data analysis: Official symbols and gene names were
used in accordance with the symbol and name lists
approved by HUGO (Human Genome Organization) Gene
Nomenclature Committee (http://www.genenames.org).
Data analysis was performed using GeneSpring 7.2
(Silicon Genetics, Redwood city, CA, USA). Numeric data
were extracted from DAT images and normalized using
Microarray Suite. Gene function analysis was performed
using the gene ontology-mining tool of NetAffx which is
based on the Gene Ontology database C(http:/www.
geneontology.org). GeneSpring also uses data found
publicly in genomics databases to build gene ontologies
based on annotation information. For the present
GeneChip probe array study, the data for each genes
represents data from 11-20 probe pairs each approximately
25 bp m length The overall target-specific intensity was
obtained by the difference between the intensity of
perfect match and the mismatch probes. For normalization,
data from each expression array were scaled so that the
overall fluorescence ntensity across each chip was
equivalent (average target intensity set at 500). The
One-Side Wilcoxon’s Signed Rank test was employed to
generate the detection p-value. If the overall intensity of
perfect match were much larger than that of mismatch, the
detection p-value would be small. The probe set would be
regarded as present if the p-value was <0.04 and if
the p value was >0.06, the probe set would be regarded as
absent. The change algorithm generated a change p-value
and an associated fold-change wvalue. The second
algorithm gave a quantitative estimate of the change in
gene expression m the form of Signal Log Ratio. The level
of gene expression was regarded as increased if its
change p-value was <0.0025 and the gene expression
would be considered to be decreased if its change p-value
was >0.9975.

RESULTS

Gene analysis: Totally 43, 035 sequences of genes from
dogs duodenum were measured and analyzed and 20, 153
(46.83%) of them were expressed over 1.0 fold change.
The number of expressed enzyme genes was 23 for
Cytochrome P450s, 14 for acetyltransferases, 10 for
acyltransferases, 2 for glucuronosyltransferases, 18 for

glutathione-S-transferases and 12 for sulfotransferases.
Based on gene classification and annotation, the
expression levels of drug-metabolizing enzymes in dogs
(n = 4) were compeared to those m mice (n = 5). In both
species, the regression of all enzymes (n = 36) with same
annoctations was 0.496 as coefficient of determination (R?).
However, two cytochrome P450s including CYP 251 and
CYP4bl were expressed m <5 fold and phase II enzymes
including GSTA3, SULT1AL SULTIDI, TPST1 and UGCG
were expressed in >3 fold (t-test, p<0.01).

Cytochrome P450s: Figure la-d shows a substantial
interspecies variation in the expression levels of
Cytochrome P450s, CYP2B11, 212, LOC489851,3A12, 4B1
and 27A1 of dogs and CYP2ZB20, 2C40, 2C55, 2C65, 2D26,
216,3A11, 3A13,3A25, 4F14, 4V3 and 27A1 of mouse were
dominantly expressed (expression levels >10.0). Only
CYP231,CYP4B1, CYP21 A1, CYP27B1 and CYP51 were
expressed in both species and were significantly different
{expression levels >1.0 and t-test, p<0.01). Expression
levels were measured by the intensity of hybridization
signal using GeneChip array; a) CYP1A1~CYP2C70 b)
CYP2D10~CYP2W1, ¢) CYP3A4~CYP4X1, d)
CYP7A1~CYP51) (LOC475225: similar to CYP 51A1,
LOC476453: similar to CYP2T1, LOC478337: similar to
Peptidyl-prolyl  cis-trans  isomerase B precursor,
LOCA478365: similar to CYP11A1, LOC484491: similar to
CYP 2 51, LOCA489816: similar to NADPH-cytochrome
P450 reductase, LOC489851: similar to CYP3A4,
LOCE07548: similar to CYP 4V2, LOC608452: similar CYP
4B1, LOC610195: sumilar to CYP 212, LOCS] 0489: simular to
CYP 27, mitochondrial precursor, LOC612477: similar to
CYP 2F1).

Acetyltransferases: Acetylation of drug compounds is
catalyzed m human and ammals by various types of
acetyltransferases such as histone acetyltransferases
(MYSTs), N-Acetyltransferases (NATs) and spermidine/
spermine N1-acetyltransferases (SATs). In the present
study (Fig. 2), ACAT1, ACAT2, ARDI, CRAT,
GNPNATI, MY ST4 and NATS were commonly expressed
and among them ACAT] was dominant in both species
however, no tendency of expression difference was
observed. Expression levels were measured by the
intensity of hybridization signal using GeneChip array.
(ACATI, 2: Acety-Coenzyme An acetyltransferase 1, 2,
ARDI: N-acetyltransferase ARD1 homolog, CRAT:
carmitine acetyltransferase, DLAT: Dihydrolipoamide
S-acetyltransferase, GCAT: Glycine C-acetyltransferase,
GNPNATI: Glucosamine-phosphate N-acetyltransferase
1,MYSTZ, 3, 4 : MYST lustone acetyltransferase 2,34, 4,
NAT2, 5, 6 N-acetyltransferase 2, 5, 6, Castl: O-
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Fig. 1a-d Comparative gene expression for various cytochrome p450s in the intestine of dogs and mice (n=4)
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Fig. 2. Comparative gene expression for various

acetyltransferases in the intestine of dogs and
mice (n=4)

acetyltransferase, T.OC479486: similar to polyamine N-
acetyltransferase, L.OC479777: similar to MY ST histone
acetyltransferase 1, LOCA481262: similar to 2-amino-3-

ketobutyrate coenzyme A  ligase, mitochondrial
precursor, LOC489406: similar to dihydrolipoamide
S-acetyltransferase).

Acyltransferases: Figure 3 shows the acyltransferase
expression levels. ACAA] and 2, AGPATI1, DGATI and
2 and LRAT were commonly expressed and their orders of
expressions were very similar in both species. Expression
levels were measured by the intensity of hybridization
signal using GeneChip array. (ACAA 1,20 acetyl-
Coenzyme A acyltransferase 1, 2, AGPAT 1,3: 1-
acylglycerol-3-phosphate O-acyltransferase 1,3, BAAT:
bile acid-Coenzyme A: amino acid N-acyltransferase,
DGAT 1, 2: diacylglycerol O-acyltransferase 1, 2, LRAT:
lecithin-retinol acyltransferase, GNPAT:
glyceronephosphate O-acyltransferase, SOATI1: sterol
O-acyltransferase 1, Gpam:  glycerol-3-phosphate
acyltransferase, mitochondrial, LOC475572: smnilar to
putative  lysophosphatidic  acid  acyltransferase,
LOC475658: similar to O-acyltransferase (membrane
bound) domain contaiung 2, LOCA77023: similar to
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Fig. 3: Comparative gene expression for various

acyltransferases in the intestine of dogs and mice
m=4)
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Fig. 4: Comparative gene expression for various
glucuronosyltransferases in the intestine of dogs
and mice (n = 4)

3-ketoacyl-CoA  thiolase, peroxisomal precursor,
LOC479204:; similar to Dihydroxyacetone phosphate

acyltransferase (DHAP-AT), LOC483033; similar to
Glycerol-3-phosphate  acyltransferase, mitochondrial
precursor  (GPAT), LOC485186: similar  to

monoacylglycerol O-acyltransferase 2, LOCA486511: similar
to sterol O-acyltransferase 2, LOC491249: simular to 1-acyl-
sn-glycerol-3-phosphate  acyltransferase beta (1-AGP
acyltransferase 2), L.OC608245: similar  to
monoacylglycerol O-acyltransferase 3).

Glucuronosyltransferases: UDP-Glucuronosyltransferase
(UGT), one of the well-known phase II drug metabolizing
enzymes, mediates conjugation of glucurome acid to
drugs. The present findings (Fig. 4) showed that both
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Fig. 5. Comparative gene expression for various
glutathione S-transferases in the intestine of dogs
and mice (n=4)

B3GAT3 and UGCG were commeonly expressed. However,
the expressions of UGCG mn dogs were much higher than
in mouse. Expression levels were measured by the
intensity of hybridization signal using GeneChip array.

(Alg5:  asparagine-linked glycosylation 5 homolog
(yeast, dolichyl-phosphate beta-glucosyl-transferase),
Ugcg: UDP-glucose ceramide  glucosyltransferase,

9430041 C0O3R1k: UDP-glucuronosyltransferase 2 family,
member 5, B3gatl: beta-1, 3-glucuronyltransferase 1
(glucuronosyltransferase  P), B3Gat3: beta-1, 3-
glucuronyltransferase 3 (glucwronosyltransferase 1)
Ugt8: UDP-glucuronosyltransferase 8, LOC476101: similar
to UDP-glucose ceramide glucosyltransferase-like 1
isoform 1, UGCG; LOC481666: UDP-glucose ceramide
glucosyltransferase).

Glutathione S-transferases: These enzymes have been
subdivided into two major classes, Glutathione S-
Transferase (GSTs) and Microsomal Glutathione S-
Transferase (MGSTs). Figure 5 shows the gene
expression from of various glutathione S-transferases in
the dogs and mice duodenums. GSTA3 and 4, GSTKI,
GSTM1 and 5, GSTO1, GSTP1, GSTT1 and MGST1~3 were
expressed in both species. Among them, GSTA3, GSTK1
and GSTMS5 were highly expressed in dogs compared to
mice (t-test, p<0.01). Expression levels were measured by
the intensity of hybnidization signal using GeneChip array.
(GS5TAZ2,3, 4 glutathione S-transferase, alpha 2, 3, GSTK1:
glutathione S-transferase, kappa 1, GSTMI, 2, 3, 4, 5, &
glutathione S-transferase, mu 1, 2, 3, 4, 5, 6, GSTO1:
glutathione S-transferase, omega 1, GSTP1: glutathione S-
transferase, p1 2, GSTT1, 2, 3: glutathione S-transferase,
theta 1, 2, 3 MGST1, 2, 3: microsomal glutathnone S-
transferase 1, 2, 3, GSTA3: similar to glutathione S-
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Fig. 6: Comparative gene expression for various

sulfotransferases in the mtestine of dogs and mice
(n=4)

transferase A3-3 (GST class-alpha), LOC47493%: similar to
glutathione S-transferase A4, LOC475518: similar to
glutathione S-transferase kappa 1 (GST 13-13),
LOC475518;, LOC609921: smnilar to glutathione S-
transferase kappa 1 (GST 13-13), LOC476006: similar to
glutathione S-transferase, pi 1, LOC476078: similar to
microsomal glutathione S-transferase 2 (Microsomal GST-
2), LOCA477558: similar to glutathione S-transferase theta
2 (GST class-theta 2), LOC477683: similar to microsomal
glutathione S-transferase 1 (Microsomal GST-1),
L.OC477813: similar to glutathione-S-transferase omega 1,
LOCA478990, LOCE9050: similar to microsomal ghitathione
S-transferase 3, L.OC479911: similar to glutathione-S-
transferase, mu 5, LOC479912: similar to glutathione S-
transferase M1 1soform 2, LOC610304 similar to
glutathione S-transferase 5.7 (GST 3.7), LOC611366: similar
to glutathione S-transferase P (GST 7-7)).

Sulfotransferases: Sulfotransferase catalyzes the transfer
of sulfate group to the hydroxyl group of drug
compounds. In this study, SULT1Al, SULTI1BI,
SULTID1, TPST1 and TPST2 were expressed in both
species and a trend of higher expression in dogs were
observed from SULTIAI, 1D1 and TPSTI (t-test, p<0.01)
(Fig. 6). Expression levels were measured by the intensity
of hybridization signal using GeneChip array. (CHST4:
carbohydrate (chondroitin 6/keratan) sulfotransferase 4,
GAL3ST1: galactosylceramide sulfotransferase, HS2ST1:
heparan sulfate 2-O-sulfotransferase 1, HS35T1: heparan
sulfate (glucosamine) 3-O-sulfotransferase 1, H3S6ST1:
heparan sulfate 6-O-sulfotransferase 1. NDSTI1,2: N-
deacetylase/N-sulfotransferase (heparan glucosaminyl) 1,
2, SULT: sulfotransferase, TPST1, 2: protein-tyrosine
sulfotransferase 1, 2, HS35T1; 30ST1: heparan sulfate
(glucosamine) 3-O-sulfotransterase 1, LOC474542: similar

to Sulfotransferase 1C2, LOC476238: similar to uronyl-2-
sulfotransferase, LOC483035: similar to CCAAT/enhancer
binding protein zeta, LOC483642: similar to carbohydrate
(keratan sulfate Gal-6) sulfotransferase 1, LOC484618:
similar to carbohydrate (chondroitin 4) sulfotransferase
13, LOC485701: similar to carbohydrate (N-
acetylglucosamine-6-O) sulfotransferase 2, LOC489049:
similar to heparin sulfate, acetylase/N-sulfotransferase (IN-
HSST), LOCA89512, LOCAEI51 6: similar to heparan sulfate
D-glucosaminyl 3-O-sulfotransferase 3A1, LOC489707:
similar to carbohydrate (N-acetylglucosamme 6-0)
sulfotransferase 6, LOCH09635: sumilar to carbohydrate
sulfotransferase 12).

DISCUSSION

Recent targeting specific tissue genes such as
intestinal  transporters or enzymes has shown a
potential to greatly enhance the understanding for
pharmacokinetics including bioavailability and metabolic
clearance for oral drug molecules (Rushmore and Kong,
2002; Tsuji, 2002; Beaumont, 2003; Landowski ef al., 2003,
Mizuno et al, 2003, Takara et af., 2003). It is now
accepted that the drug absorption process from intestine
is highly associated with the functional gene expression
of intestinal transporters and metabolizing enzymes
(Landowski et al., 2003). The completion of the DNA
sequencing of human, mouse, dog and rat genomes and
knowledge of cross-species gene homologies enables the
studies of differential gene expression in ammal models
(Fang et al., 2005).

Dog is a very important animal species not only as a
laboratory model but also as a target animal in veterinary
medicine. The mformation regarding DNA expression m
dogs’ intestine has not been sufficiently known. The
DNA micrearray technology is a high-throughput method
for gamning information on gene function. Due to the high
number of generated data points, computational tools are
essential in microarray data analysis and mining to grasp
knowledge from experimental results. Some of the
methodology has been focused on gene expression
intensity measures, microarray data normalization and
statistical validation of differential expression (Wu et al.,
2007).

In this study, computational approaches for
GeneChip expression measures, data normalization and
statistical validation were performed using GeneSpring 7.2
software. In microarray analysis, one should exclude
non-informative probe sets from the original dataset
before getting to the statistical wvalidation of the
differential expression. This step can be achieved by
performing various filtering procedures. The stringency of
the filtering procedure could strongly affect (in a positive
or a negative manner) the final results as it can cause the
loss of differentially expressed genes or increase the
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number of false positives contaminating the final results.
In this study, filtering by expression was used to find
gene with intraspecise similarity and interspecies
difference. Furthermore using the standard deviations of
probe set hybridization, all probe sets showing low
hybridization quality were removed. The intensity values
obtained using RMA/quantile normalization was
subsequently coupled to the filtered genes and were used
for statistical validation.

A variety of phase I and phase II enzymes are
expressed 1n the small intestine, of which cytochrome
P450s 15 the most promment. Although, the cytochrome
P450 enzymes are predominantly found in the liver, the
mtestinal cytochrome P450s also deserve special
mechanism for modulating dirug bicavailability because
this organ 1s the mam contributor of prehepatic clearance
of drugs (Kammsky and Fasco, 1991, Doherty and
Charman, 2002). Considerable recent progress has been
made in the identification and characterization of small
intestinal CYP450s, particularly in rats (Zhang et al., 2007)
and humans (Ding and Kaminsky, 2003). However, the
expression of these enzymes in mice and dogs 1s less
characterized than those m rats and human. Human have
shown a dominant expression of 3A4, 2D6, 2C8, 2C9 and
1A2 and rats have shown 1A1, 3A1, 2B1, 2C6/11 and 2D1
in intestine (Lindell ef al., 2003). Unlike these species, the
study reveals dominant expression of 3A12, 2B11, 212 and
3A4 mdogs and 3A11, 3A12 and 3A15 in mice. Previous
reports (Prueksaritanont ef al., 1996, Emoto et af., 2000)
also extubited a dominant presence of CYP3A family
enzymes in dog and mouse intestine. In the human
intestine, CYP3A4 is a predominant cytochrome P450
enzyme and plays a significant role in the first-pass
metabolism of 50-70% of marketed drugs (Wacher et al.,
1998). However, these species including rats, mice and
dogs do not show a primary expression of CYP3A4 in
mntestine while other cytochrome P450 family or isoforms
are predominantly expressed. This may indicate that
prehepatic metabolism of oral drugs is extensively
different by species and substrate structures.

Acetylation 1s metabolic pathway of aromatic amine.
The hydorylamine metabolites of aromatic amines can also
be a substrate for acetyl transferases because acetate 1s a
better leaving group than hydroxide. The most common
aryl amine drugs are the. In the study, ACAT1, ACATZ,
ARDI1,CRAT, GNPNATI1, MY ST4andNAT5 were greatly
expressed 1n both dogs and mice. Among the
acetyltransferases, ACATI was dominant in both species.
No tendency of expression differences between the two
species was observed. The glucosyltransferases catalyze
the addition of a glucurin acid moiety to a nucleophilic
substrate using UDP-glucuronic acid as cofactor. As with
the CYPs, UGT superfamily possesses a large multiplicity
of forms and wide tissue distribution (Guillemette, 2003).
Gestromtestinal UGTs (e.g., UGT1AL, UGT1A7-10) may

contribute to the low oral bioavailability of ethinyl
estradiol (Ebner et af, 1993) and raloxifene
(Hochner-Celnikier, 1999; Kemp et al., 2002) and to the
first-pass glucuromdation of SN-38 (Khanna ef af., 2000)
and troglitazone (Watanabe et al., 2002). In this study,
B3GAT3 and UGCG were considerably expressed in dogs
and mice intestine however, the expression of UGCG in
dogs was much higher than that in mouse.

Glutathione S-transferase families are commonly
implicated 1 the detoxification or bioactivation of
environmental toxins and carcinogens and some
chemotherapeutic agents. Intestinal GSTA has been
shown to conjugate busload with an intrinsic clearance
comparable to liver (Gibbs er al., 1998). This study
showed the gene expression form of various glutathione
S-transferases in dogs and mice duodenum. GSTA3 and
4, GSTK1, GSTM 1 and 5, GSTO1, GSTP1, GSTTI,
MGSTI, 2 and 3 were expressed in both species and
among them, GSTA3, GSTKI and GSTMS were
significantly and highly expressed more in dogs compared
to mice.

Although, sulfation along with other phase 1I
metabolism is generally perceived as a predominant
detoxification pathway, there are a munber of importances
where sulfate conjugates are more biologically active than
the parent molecules. The extensive first-pass loss of
ethinyl estradiol 1s also attributed to Sulfotransferases
(SULTs) in the intestine (SULTIEl, SULT2AIl)
(Glatt er al., 2001). Likewise, intestinal SULT1A3 has
been implicated in the low oral bioavailability of the
B-adrenergic agents, isoproterenol and terbutaline
(Glatt et al., 2001). This study shows that SULTIAIL,
SULT 1B1, SULT 1D1, TPST1 and TPST2 were expressed
in both species but trends of higher expressions of
SULTI1AL, SULT 1D1 and TPST1 in dogs were observed.

CONCLUSION

In this study, GeneChip® analysis indicated the
marked differences in expression profiles of metabolizing
enzymes between dogs and mice duodenum. As a model
animal, gene information of mouse has been explored in
detail but that of dogs 15 insufficient to be compared to
gene directly. However, significant differences in gene
expression levels in dogs and mouse duodenums were
observed. The gene expression profiling of this two
important animal species is a valuable new tool for
investigating the oral drug prehepatic metabolism in vitro
and i vive. Also the dataset provides a baseline for
comparisonn of normal duodenum in the two important
species as model and/or target ammals.
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