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Abstracts — In order to understand the mechanism of the regulation of CYPIAI gene expression and ethoxy-
resorufin deethylase (EROD) activity in ex vivo system, we have studied the action of TCDD and 3MC in the
isolated perfused male rat liver. CYP1A1l mRNA level and EROD activity were measured in rat liver that was
isolated and perfused with various chemicals such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), 3-methyl-
cholanthrene (3MC), 17B-estradiol (E,), morin. TCDD or 3MC alone perfusion into male rat liver resulted in
increase of CYP1Al mRNA level and the magnitude of stimulation was one and half times higher with
TCDD treatment than 3MC treatment. However E, perfusion into male rat liver showed slight stimulation of
CYP1Al mRNA level. When 10° M E, was perfused concomitantly with either 10° M TCDD or 10° M
3MC, stimulated CYP1IA1 mRNA by either TCDD or 3MC was inhibited. Morin was examined for its effects
on CYP1A1l mRNA level and result was similar to that was observed with estrogen except that morin alone
did not change the level of CYP1A1 mRNA. EROD activity was also stimulated with either TCDD or 3MC
perfusion, and the magnitude of EROD stiumlation was similar to that of CYP1A1l mRNA stimulation in
response to TCDD or 3MC perfusion. This data is different from the data that we have obtained with female
rat liver. Concomitant perfusion either E; or morin with TCDD or 3MC inhibited 3MC perfusion or TCDD
perfusion stimulated EROD activity. These data confirm the hypothesis that TCDD and 3MC might act

through the same mechanism of action on the regulation of CYPIA] gene expression in male rat liver.
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The cytochrome P450-dependent monooxygenase sys-
tem catalyzes oxidative metabolism of a wide variety of
substrates including endogenous as well as exogenous
compounds. As a preliminary detoxification step, many
compounds are first converted to polar metabolites by
cytochrome P450, which facilitates their elimination.
However, some compounds may also be inadvertently
bioactivated by cytochrome P450 to reactive intermediates
that produced adverse biological effects (Amdur er al.,
1996; Yang et al., 1978). For example carcinogenic po-
lycyclic aromatic hydrocarbons (PAH) such as benzo(a)
pyrene (B[a]P) undergo metabolic activation by cyto-
chrome P450 and expoxide hydrolase to chemically reac-
tive ultimate carcinogen diol expoxides (Chou et al,
1986). The CYP] family, which consists of at least three
enzymes, CYPIAI, CYPIAZ2 and CYPIBI has been shown
to be important in the metabolism of several xenobiotics
such as PAH and heterocyclic amines, and expression of
these enzymes is inducible by PAHs such as TCDD.

* To whom correspondence should be addressed.

TCDD induction of CYP1 transcription is mediated by
the cytosolic arylhydrocarbon receptor (AhR), which is
known as a ligand-activated transcription factor. Activa-
tion of AhR involves ligand binding, dissociation of heat-
shock protein-90, nuclear translocation, and dimerization
with the AhR nuclear translocator protein (Arnt) followed
by binding to DRE (for XRE) enhancer elements in the
S-noncoding region of the responsive gene (Carrier et al,
Riddick et al., 1994; Denison et al., 1988). The mechan-
ism of action of this compound is to activate the arylhy-
drocarbon receptor (AhR) to a form that binds to specific
gene regulatory sequence elements, called xenobiotic res-
ponsive elements (XREs), through heterodimerization
with Amt (Ko et al., 1996; Mason et al., 1994; Dolwick
et al., 1993). AhR and Amt have a similar overall struc-
ture and belong to the basic helix-loop-helix class of tran-
scription factors (Poland and Gloven, 1974; Pendurthi et
al., 1993). Upon binding XREs, the AhR-Amt complex
activates transcription of adjacent structural genes which
encodes enzymes that are involved in the oxidative meta-
bolism of these compounds (Miksicek, 1995; Sousa and
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Marletta, 1995). Thus far, we assumed that arylhydro-
carbons such as 3MC, apd TCDD would affect drug
metabolism via identical mechanism of action. However,
very little study have been reported to confirm if it is in
deed true that 3MC and TCDD act in an identical
mechanism of action on the regulation of CYPIAI gene
expression. Therefore we have undertaken study to ex-
amine how 3MC and TCDD would affect CYPIAI gene
expression and EROD activity. After livers from male
Sprague Dawely rats were isolated and perfused with
TCDD or 3MC or E; or morin, the level of CYP1Al
mRNA was measured via RT-PCR and EROD activity
was determined. Our finding showed that the levels of
CYP1A1l mRNA and EROD activity in male liver were
increased with either 3MC or TCDD treatment. The mag-
nitude of TCDD stimulation of CYP1Al mRNA was
one and half times higher than that of 3MC stimulation
however the magnitude of TCDD stimulation of EROD
was similar to that of 3MC. Unlike the data that we
have obtained with female rat liver, these data confirm
the hypothesis that TCDD and 3MC might act through
the same mechanism of action on the regulation of
CYPIA] gene expression in male rat liver.

MATERIALS AND METHODS

Materials

3MC was purchased from Aldrich Chemical Co (Mil-
waukee, WI, USA). Quercetin, morin, dimethylsulfoxide
(DMSO0), 17B-estradiol, B-nicotinamide adenine dinucleo-
tide phosphate reduced form (NADPH), bovine serum
albumin (BSA), ethoxyresorufin, resorufin, potassium
phosphate, sodium phosphate, sodium bicarbonate, sodium
chloride, potassium chloride, glucose, calcium chloride,
magnesium sulfate, phenol, mercaptoethanol, and chloro-
form were obtained from Sigma Chemical Co (St. Louis,
MO, USA) and diethylpyrocarbonate, guanidinium thio-
cyanate, dATP, dCTP, dGTP, dTTP, moloney murine
leukemia virus reverse transcriptase, dithiothreitol were
from GIBCO (Gaithersburg, MD, USA). Oligo d(T)15,
Tag DNA polymerase, RNasin were purchased from
Promega (Madison, WI, USA). TCDD was a gift from
Dr. Chae K. at NIEHS, NIH, USA.
Isolated Liver Perfusion

Male Sprague-Dawley rats were anesthesized by keta-
mine chloride (100 mg/kg, i.p.). The portal vein of rat
was cannulated by polyethylen catheter (18 guage) and

isolated into perfusion chamber. The isolated liver was
perfused with Krebs-Henseleit Bicarbonate buffer (KHB,
pH 7.4) saturated with air (95%0,, 5%CQ,). The isolated
liver was perfused with KHB for the first 10 minutes to
maintain a stable physiological condition before the per-
fusion with various chemicals for 4 hrs.

Preperation of Microsomes

Liver tissue was homogenized in phosphate buffer (pH
7.6) using polytron. Microsomal fraction was prepared
by differential centrifugation and resuspended in pyro-
phosphate buffer (pH 7.6) and stored at -70°C until use.
Total protein was measured using the bicinchonic acid
(BCA) method (Pierce, Rockville, IL. USA) using BSA
as a standard.

Measurement of Ethoxyresorufin O-deethylase Activity

Liver microsomes were prepared as previously reported
(Fujino et al., 1984). Microsomes were incubated with 5
UM ethoxyresorufin for 1 minute at 37 and 250 uM
NADPH, enzymatic activity was monitored via change
in fluorescence based on time change. After the 15
minutes, measurement of enzymatic activity was cal-
culated from the area under the peak (excitation 530 nm,
emission 579 nm).

Total RNA Isolation

Total RNA was isolated using method by Chomc-
zynski and Sacchi (1987). Liver tissue was homogenized
with denaturing solution and extrated with phenol and
chloroform. The RNA pellet was reconstituted in diethyl-
pyrocarbonate treated water.

Reverse Transcription and Polymerase Chain Reaction
RTPCR)

For conversion of total RNA to ¢cDNA, a reaction mix-
ture was prepared containing reverse transcriptase (RT)
buffer, 10 mM dithjothreitol, 0.05 mM dNTPs, oligo d(T)
15 primer, 20U RNasin, 200U MLV-RT and 3 ug of
total RNA. The reaction was incubated for 1 hr at 37°
followed by inactivation of the enzyme at 95° for 10
min. For the PCR amplification of cDNA, a reaction mix-
ture was prepared containing RT mix, polymerase reac-
tion buffer, 2.5 mM MgCl,, 0.125 mM dNTP, 1U Taq
DNA polymerase, and 3pmol each of the forward and
reverse primers. CYPIAI forward primer; 5'CCATGACC-
AGGAACTATGGG3' CYPIAT reverse primer; 5'TC-
TGGTGAGCATCCAGGACA3": P-Actin forward primer;
5'CCTCTA TGCCAACACAGTS3' B-Actin reverse primer;
5'AGCCACCAATCCACACAG3 PCR products were
analyzed on in 2% agarose gels (PCR product sizes;
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CYPIAI, 341bps; P-Actin, 153bps) and quantified by a
Gel Doc 1000video imaging analysis system.

RESULTS and DISCUSSION

Change of CYP1A1 mRNA level in male rat liver
with 3MC or TCDD treatment

Expression of CYPIAI gene in response to either
3MC or TCDD was examined by measuring CYP1Al
mRNA level via RTPCR from the isolated perfused rat
liver system in ex vivo. As shown in Fig. 1, 1nM 3MC
perfusion into male rat liver resulted in 130% of CYP1A
1 mRNA level when that of 0.01% DMSO perfused liver
was set at 100%. In case of 1nM TCDD perfusion into
male rat liver have increased in CYP1A1l mRNA level
over control male rat liver by 200% (Fig. 1). This data
suggested the potency of TCDD might be different from
that of 3MC in terms of CYPIA] gene expression in
male rat liver, although they might share the same
mechanism of action. Based on reports which showed
six times stronger effect with TCDD than with 3MC on
CYPIAI gene expression in female rat liver (Ahn and
Sheen, 1998), it is possible to think that gender differ-
ence might exist in regualtion of CYPIAI gene expres-
sion.
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Fig. 1. Quantitation of the CYP1A1l mRINA expression by 3-
MC and TCDD stimulation in the perfused male rat liver.
CYP1A1l mRNA was measured by RTPCR followed by
agarose gel electrophoresis. 341bp PCR product was
quantified by image analysis system as described in Methods.
Data represent mean + S.E.(n=5).

1: 0.01% DMSO in KHB, 2: 10° M 3-MC, 3: 10° M TCDD

Change of EROD activity in male rat liver with
3MC or TCDD treatment

The EROD activity was determined in the 1 nM 3MC
or 1 nM TCDD perfused male rat liver microsome to be |
2.42 pmole/min/mg protein and 2.65 pmole/min/mg pro-
tein, respectively. 0.01% DMSO perfused male rat liver
microsome gave 1.55 pmole/min/mg protein EROD ac-
tivity (Fig. 2). These changes in EROD activity in res-
ponse to 1 nM 3MC or 1 nM TCDD seems to agree
with changes in CYP1A1 mRNA level (Fig. 1). 3MC is
known to stimulate both CYP1A1l mRNA and CYP1A2
mRNA, whereas TCDD stimulate only CYPIA1 mRNA
(Gonzales, 1988). Since EROD activity represented both
CYPIAI and CYPIA2, EROD activity alone could not
be a best indicator to monitor CYPIAI gene expression.
Also it is shown that the basal activities of EROD
between male and female liver are different, female liver
appears to have three times more EROD activity than
male liver does (Ahn and Sheen, 1998). The high level
of basal EROD activity might mask the effect of TCDD
so that fold stimulation by TCDD in female rat liver.

Effects of estrogen and morin on TCDD stimulated
CYP1A1 mRNA level

In male rat liver, 1 nM TCDD perfusion stimulated
CYP1A1l mRNA by two fold over that of control male
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Fig. 2. EROD activity by 3-MC and TCDD stimulation in
the perfused male ral liver. Fluorometry was carmried out to
measure EROD activity in microsome containing 80 ug of
total protein that was prepared from female rat liver was
perfused with various chemicals as described in Methods.
Data represent mean = S.E.(n=6).

1: 0.01% DMSO in KHB, 2: 10° M 3-MC, 3: 10° M TCDD
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Fig. 3. Effect of morn and estrogen on the CYP1A1 mRNA
expression by TCDD stimulation in the perfused male rat
liver. Livers of S.D. female rats were perfused with 10° M
morin or 10% M estradiol for 1.5hrs and then perfused with 10”
M TCDD for 4 hrs and analysed by RTPCR as described in
methods. Upper band shows 341bps PCR products of CYPIA.
1 and lower band shows 153bps PCR products of B-Actin.
lane 1: 0.01% DMSO in KHB

lane 2: 10-9M TCDD

lane 3: 10° M Morin

lane 4: 10° M Estradiol

lane 3: 10° M Morin— 10° M TCDD

lane 6: 10° M Estradiol — 10° M TCDD

liver. 10nM Estradiol alone perfusion showed slight in-
creases in CYP1A1l mRNA level over that of control
male liver, but when 10 nM esiradiol was perfused con-
comitantly with 1nM TCDD, CYP1AImRNA level was
decreased compared to that of InM TCDD alone perfus-
ed male liver (Fig. 3, 4). This data suggested that female
sex hormone, 17P-estradiol antagonized the effect of
TCDD on the CYPIAI gene expression. At the moment,
mechanism of action of estrogen on CYPIAI expression
is not certain, and it might or might not be mediated
through estrogen receptor system.

Effects of morin and estrogen on 3MC stimulated
CYPIA1 mRNA

1 nM 3MC perfusion into male rat liver showed slight
increase in CYP1A1 mRNA (130% that of control) over
control liver, This 3MC stimulated CYP1Al mRNA
level in male rat liver was decreased by either estradiol
or morin concomitant treatment with 3MC (Fig. 5, 6).
When we compare this result with that has been reported
(Ahn and Sheen, 1998), 3MC or TCDD treated female
rat liver showed slightly better responsiveness to arylhy-
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Fig. 4. Quantitation of morin and estrogen effect on the CYFP
1A1 mRNA expression by TCDD stimulation in the perfused
male rat liver. CYP1A1 mRNA was measured by RTPCR
followed by agarose gel electrophoresis. 341bp PCR product
was quantified by image analysis system as described in
Methods. Data represent mean = S.E.(n=6).

1: 0.01% DMSO in KHB

:10° M TCDD

: 10° M Morin

: 10° M Estradiol

: 10° M Morin — 10° M TCDD

: 10° M Estradiol — 10° M TCDD
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drocarbon than male rat liver. However estrogen and fla-
vonoid inhibition on arylhydrocarbon induced CYP1Al
mRNA Jevel in male rat liver was more prominent than
that has been shown in female rat liver.

Effects of morin and estrogen on TCDD stimulated
EROD activity

Male rat liver seems to show low basal level of
EROD activity which was 1.55 pmole/min/mg protein. 1
nM TCDD perfusion into male liver showed increase in
EROD activity to be 170% that of control. This is quite
different from the female liver based on result reported
by Ahn and Sheen (1998). Morin or esradiol perfusion
into male liver showed slight increase in EROD activity
compared to that of control liver. Especially morin showed
stronger effect than 3MC when it was given alone, al-
though the mechanism of action remains to be uncovered.
When either estradiol or morin was administered con-
comitantly with TCDD, EROD activity was decreased
but the EROD activity was still higher than that of con-
trol liver (Fig. 7). This shows estrogen and morin anto-
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Fig. 5. Effect of morin and estrogen on the CYP1A1 mRNA
expression by 3-MC stimulation in the perfused male rat liver.
Livers of $.D. female rats were perfused with 10°* M morin or
10® M estradiol for 1.5 hrs and then perfused with 10° M 3-
MC for 4 hrs and analysed by RTPCR as described in me-
thods. Upper band shows 341bps PCR products of CYP1Al
and lowcr band shows 153bps PCR products of B-Actin.

lane 1: 0.01% DMSO in KHB

lane 2: 10° M 3-MC

lane 3: 10° M Morin

lane 4: 10° M Estradiol

lane 5: 10° M Morin — 10° M 3-MC

lane 6: 10° M Estradiol — 10 M 3-MC

gonize the effect of TCDD on EROD activity, but their
effects was not strong as shown in female liver (Ahn
and Sheen, 1998).

Effects of morin and estrogen on 3MC stimulated
EROD activity

1 nM 3MC perfusion into male rat liver showed in-
crease in EROD activity by one and half fold of control
rat, which shows similar magnitude of stimulation to that
of TCDD treatment (Fig. 8). In the case of CYP1Al
mRNA level, TCDD treatment showed stronger effect
than 3MC, but EROD activity showed same response to
3MC and TCDD. Estradiol or morin treatment along
with 3MC showed inhibitory effect on 3MC stimulated
EROD down to control level. Whereas TCDD stimulated
EROD activity was not inhibited to control level when
estrogen or morin was given concomitantly with TCDD
(Fig. 7). This shows estrogen and morin antogonize the
effect of 3MC on the stimulation of EROD activity.
There is little information about how estrogen affects
drug metabolism in terms of CYP1Al gene expression
and EROD activity. Although there are some reports
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Fig. 6. Quantitation of morin and estrogen effect on the CYP
1A1 mRNA expression by 3-MC stimulation in the perfused
male rat liver. CYP1A1l mRNA was measured by RTPCR
followed by agarose gel electrophoresis. 341bp PCR product
was quentified by image analysis system as described in
Methods. Data represent mean + S.E.(n=4).

1: 0.01% DMSO in KHB, 2: 10° M 3-MC,

3: 10° M Morin, 4: 10® M Estradiol,

5: 10° M Morin -~ 10° M 3-MC,

6: 10* M Estradiol — 10° M 3-MC

showing that arylhydrocarbon antagonize the estrogen
action. In mice and rats, TCDD exposure counteracts the
effects of estrogens, such as 17B-estradiol, on uterine
hypertrophy, peroxidase activity, ER binding activity,
progesterone receptor binding activity, and epidermal
growth factor binding activity (Astroff and Safe, 1990).
In human mammary cell lines, TCDD exposure results in
decreased secretion of tissue plasminogen activator (Gierthy
et al, 1987), and decreased secretion of estrogen in-
duced proteins, such as cathepsin D (Krishinan et al,
1994), TCDD exposure also blocks the estradiol depen-
dent cell proliferation response (Gierthy et al., 1993), and
occurrence of multicellular foci in postconfluent cultures
of human mammary cell line, MCF-7 (Spink et al., 1994).
The flavonoids display a remarkable array of biochemi-
cal and pharmacological actions of some of which sug-
gests that certain members of this group of compounds
may significantly affect the function of multiple mam-
malian cellular system. Especially they are known to mo-
dulate activities of monooxygenase of drug metabolism
(Canivenc-Lavier et al, 1996). Barlier studies demon-
strated that synthetic flavonoids inhibit the microsomal
enzymatic activity of drug metabolism and later study
also showed that hydroxyl group of flavonoids was
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Fig. 7. Effect of morin and estrogen on the EROD activity
by TCDD stimulation in the perfused male rat liver. Fluo-
rometry was carmried out 10 measure EROD activity in micro-
some containing 80 pg of total protein that was prepared
from female rat liver was perfused with various chemicals as
described in Methods.

1: 0.01% DMSO in KHB. Data represent mean+ S.E.(n=5)

: 10° M TCDD

: 10 M Morin

: 10® M Estradiol

: 10° M Morin — 10° M TCDD

: 10° M Estradiol — 10° M TCDD
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important for the inhibition of hydroxylation of benzo
(a)pyrene whereas flavonoid without hydroxyl group
increase in the hydroxylation of benzo(a)pyrene
(Buening et al., 1981). It is intriguing to know the me-
chanism of action of flavonoids in drug metabolizing
enzymes. Previous studies demonstrated that 7,8-ben-
zoflavone seemed to increase the interaction of cylo-
chrome P450 dependent NADPH reductase and cyto-
chrome P450 (Sousa and Marletta, 1985). This study
showed hydroxylated flavonoids such as morin inhibited
the 3MC or TCDD stimulated ethoxyresorufin O-deethy-
lase and CYP1Al mRNA level. However, further studies
of regulation of gene expression of cytochrome P4501A
would be necessary to know the mechanism of action of
hydroxylated flavonoids on drug metabolizing enzymes.
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