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Effect of 3-Methylcholanthrene on Rat Uterus: Uterine Growth
and Mechanism of Action of 3-Methylcholanthrene
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INTRODUCTION

(Received August 6, 1993)

This study has been undertaken to examine the effect of 3-methylcholanthrene (3MC) on
rat uterine growth and to understand the mechanism of action of 3MC in rat uterus. After
diethylstilbesterol(DES) or tamoxifen(TAM) or 3MC or DES plus TAM or DES plus 3MC was
administered into immature female rats, uterine weight of each group was measured. DES
treatment resulted in 4-fold increase in uterine weight over com oil-treated uteri. 3MC treat-
ment had no effect on uterine weight but, DES stimulated uterine weight was inhibited
by 3MC concomitant treatment. While TAM alone treatment showed slight increase in uterine
weight, inhibited uterine growth stimulated by DES when it was administrated with DES con-
comitantly. Affinity of estradiol for estrogen receptor in the rat uterus was determined via
direct binding assay with [*Hlestradiol and the relative binding affinities of 3MC and TAM
were estimated by competetion assay. Estradiol turned out to have high affinity for rat uterine
estrogen receptor (Kd=0.4 nM). The relative binding affinities of TAM and 3MC were 1%
and 4.7% that of DES for rat uterine estrogen receptor, respectively. 3MC was shown to
have similar affinity for rat uterine estrogen receptor to that of TAM. Effects of DES, 3MC
and TAM administration in vivo on rat uterine estrogen receptor level were examined. It
was confirmed that the estrogen, DES and antiestrogen, TAM decreased estrogen receptor
levels from rat uterus and also 3MC decreased rat uterine estrogen receptor level when
rats were treated with DES, TAM and 3MC in vivo. Data indicates that 3MC acts as an
antiestrogen mediated through estrogen receptor system.

Key words: Estrogen receptor, Antiestrogen, Tamoxifen, Diethylstilbesterol, 3-Methylcholan-
threne

ted monooxygenases has been investigated in labola-
tory animals and mammalian cells in culture (Bayad

Arylhydrocarbons  such as  3-methylcholanthrene
(3MC), benzolalpyrene, dibenzanthracene are hazar-
dous contaminants from automobiles, furnace, coal tar,
factories, and smoking. These groups of compunds eli-
cit a diverse group of species, strain, age, and tissue
specific effects including a wasting syndrome, splenic
and thymic atrophy, dermal toxicity, hepatotoxicity and
porphyriia, reproductive toxicity, and teratogenecity,
endocrine changes, carcinogenesis, and the induction
of several enzyme systems (Cooke and Dennis, 1988;
Tomatis et al., 1989; Maltoni and Selikoff, 1988). It
has been proposed that 3MC, and related compounds
act via initial binding with intracellular arylhydrocarbon
receptor. The molecular mechannism of action of 3MC
as an inducer of cytochrome P450 isozymes and rela-
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et al., 1991; Shichi et al., 1991; Jones et al.,, 1991; Ro-
senburg and Leff, 1993; Saki et al., 1992). These stu-
dies have demonstrated that the induction of cytoch-
rome P4501AT mRNA is dependent on the interaction
of the occupied receptor with specific “xenobiotic res-
ponsive elements” located in the 5’ upstream region
from the cytochrome P4501A1 gene initiation site. The
molecular mechanisms of other responses elicited day
aromatic hydrocarbons are less well defined.

Recent studies have reported the activity of tetra-
chlorodibenzodioxin(TCDD) as an antiestrogen in rats,
mice and MCF-7 human breast cancer cells in culture
(Yao and Safe, 1989; Zachaewski et al., 1991; Spink
et al., 1990; Romkes and Safe, 1988; Safe, 1990). For
example, TCDD treatment resulted in decreased ute-
rine weights in weanling female C57BL/6 mice and
female Long Evans rats and TCDD partially blocked
estrogenic effects of 17p-estradiol on uterine weights
(Zachaewski et al., 1992). TCDD also decreased cons-
titutive and estradiol-induced uterine and hepatic est-
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rogen and progesterone receptor levels in the female
rat (Yao and Safe, 1989) and supressed the estrogen-
mediated excretion of tissue plasminogen activator ac-
tivity in MCF-7 human breast cancer cell in culture.
TCDD does not bind to the estrogen receptor and
progesterone receptor and structure-activity studies su-
ggested that the antiestrogenic activities of halogena-
ted arylhydrocarbons are mediated through the arylhy-
drocarbon receptor (Safe, 1990; Spink et al., 1990). it
has been suggested that one possible mechanism for
the antiestrogenic effects of TCDD may be related to
the increased cytochrome P450-dependent metabo-
lism of estradiol (Safe, 1990). TCDD and related com-
pounds induce cytochromes P4501A1 and P4501A2
in rats and the later isozyme is an effective catalyst
of estradiol 2-hydroxylase (Harris et al., 1990). Howe-
ver, the mechanism of action of these observed utero-
toxicities of arylhydrocarbons is not known. In this
study, we examined the mechanism of action of
3-methylcholanthrene on rat uterine growth in order
to gain the insight into the mechanism of uterotoxic
effect of arylhydrocarbons.

MATERIALS AND METHODS

Materials and Animal

[2,4,6,7-*H,17BJEstradiol (101 Ci/mmol, Amersham,
Alrington, 1L, USA), diethylstilbesterol, tamoxifen, 3-
methylcholanthrene, charcoal, dextran, monothioglyce-
rol, bovine serume albumin(Sigma Chemical Co., St.
Louis, MO, USA) and Insta gel XF®(Packcard, Chicago,
IL, USA) were used. SPF Female Sprague Dawley rats
(21-23 day old, 20-25 g of body weight) were kindly
donated from Yuhan Pharmaceutical Company.

Teatment of Animals

Each group of rats was treated with various doses
of DES, or TAM, or 3MC (each of them dissolved in
comn oil) for desired period of time via intraperitonial
injection. Control rats were given 0.2ml of com oil
that was used for each injection of various doses of
chemicals.

Measurement of Uterine Weight

Rats were sacrificed by cervical dislocation and uteri
were isolated. After the removal of connective tissues
and fat, uteri were slitted to get rid of extra water
and weighed using torsion balance. Uteri were kept
in the deep freezer at —70°C until ready to be used
for the experiments.

Preparation of Rat Uterine Cytosol Fraction

Six Uteri were homogenated in 1 ml of tris-EDTA-
monoglycerol buffer (TEG buffer; 10 mM Tris, 1.5 mM
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EDTA, 10 mM monothioglycerol, pH 7.4) using poly-
tron (set at 4) and subjected to centrifugation at 800
Xg for 30 minutes at 4°C. Taking the supernatant
carried out ultracentrifuagation at 108,000Xg for 45
minutes at 4°C. Supermatnats were collected and used
for the determination of protein content for the further
assays.

Direct Binding Analysis

Various concentrations (10 '2-10"*M) of [*Hles-
tradiol (101 Ci/mmol) were incubated with 200 pL of
cytosol fraction of rat uterine (total protein concnetra-
tion is 1.6 mg/ml) in the presence of 100 times excess
unradiolabeled DES for 16 hours at 0°C. After the in-
cubation, the unbound radiolabeled ligands were re-
moved using 5% charcoal-dextran slurry via centrifuga-
tion at 18,000X g for 7 minutes. Bound receptors were
determined by liquid scintillation counting of [*H]est-
radiol bound using 5 ml of Insta gel XF.

Competition Assay

10" °M [PHlestradiol was incubated with different
concentrations (107 '°-10""M) of DES, or different con-
centrations (10 ?-10 *M) of 3MC, or different con-
centrations (10 ?- 1075 M) of TAM at 0°C for 16 hours.
Bound receptors were determined as described pre-
viously (Sheen et al., 1985).

Exchange Assay

Cytosol fraction for exchange assay was prepared
by 0.4 M Kcl extraction of nuclear preparation and
incubated with 10 °M [’H]estradiol in the presence
of 107*M DES for 4 hours at 30°C. After incubation
bound receptors were measured as described earlier
(Sheen et al.1984).

Statistics

The statistical analysis was performed by student
t-test. The significant differences between groups were
evaluated with the level set at 0.05.

RESULTS AND DISCUSSION

Effect of 3-Methylcholanthrene on Rat Uterine

Growth

The treatment of different doses of 3MC for 3 con-
secutive days have resulted in statistically insignificant
changes in rat uterine weight, whereas 5C pg/Kg of
DES treatment have brought about 4-fold increase in
uterine weight over control. However, when 3MC was
concomitantly treated with DES, 3MC decreases the
uterine weight stimulated by DES (Table 1). These data
suggest that 3MC behaves like estrogen antagonist in
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Table 1. Effect of 3-methylcholanthrene on diethylstilbesterol
stimulated rat uterine growth.(n=6-10}

Treatment (ug/Kg

Uterine weight (mg)

meant S.D
Control 41.6t 8.6
Diethylstilbesterol(50) 160.0+ 6.3*
3-methylcholanthrene(50) 41.8% 6.8
3-methylcholanthrene(500) 470t 6.0
3-methylcholanthrene(1000) 55.0% 8.0
Diethylstilbesterol(50) 149.0% 7.0**

+ 3-methylcholanthrene(50)
Diethylstilbesterol(50)

+ 3-methylcholanthrene(500)
Diethylstilbesterol(50)

+ 3-methylcholanthrene(1000)

147.2+£13.2*

122.1£15.0%*

*Significant difference from control group (P<0.01)
**Significant difference from diethyistilbesterol treated group
(P<0.01)

Table Il. Effect of tamoxifen on diethylstilbesterol stimulated
rat uterine growth.(n=6-10)

Treatment (ug/Kg)

Uterine weight (mg)

mean* S.D
Control 416t 8.6
Diethylstilbesterol(50) 160.0+ 6.3*
Tamoxifen(100) 55.0t 5.7*

Diethylstilbesterol(50) + Tamoxifen(50)  123.8+ 20.7**
Diethylstilbesterol(50) + Tamoxifen(100) 113.1% 13.3**
Diethylstilbesterol(50) + Tamoxifen(500)  92.3+ 14.0**

*Significant difference from control group (P<0.01)
**Significant difference from diethylstilbesterol treated group
(P<0.01)

rat uterus. It was recently reported that TCDD treat-
ment decreased uterine weights in weanling female
C57BL/6 mice and female Long Evans rats and TCDD
partially blocked estrogenic effects of 17B-estradiol on
uterine weights (Zachaewski et al., 1992).

These effects of arylhydrocarbons on uterine growth
might be involved in uterotoxicities of arylhydrocar-
bons which was reported previously (Tomatis et al.,
1989).

Effect of Tamoxifen on Rat Uterine Growth

The treatment of 100 pg/Kg of TAM in rat showed
increase in rat utrerine weight which is known as a
partial agonist action of TAM in uterus that have not
been observed in MCF-7 human breast cancer cells
(Sheen et al., 1985). However, when TAM was admini-
stered along with DES into rat, TAM inhibited the est-
rogen stimulated uterine growth (Table Il). These data
confirm other earlier findings (Katzellenbogen et al.,
1979; Roke and Katzellenbogen, 1982; Sutherland and
Jordan, 1981), which indicate that antiestrogen, TAM
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Fig. 1. Time course effect of 3-methylcholanthrene on dieth-
ylstilbesterol stimulated rat uterine growth. After the immature
female rat were treated with diethylstilbesterol (DES) (100
pg/kg) or 3-methylcholanthrene (3MC) (500 pg/kg) or DES
(100 pg/kg)+3MC (500 mg/kg) for various times as indicated,
uterine weight was measured.

Bar represents standard deviation. (n=6-10)

*Significant difference from control group (P<0.01)
**Significant difference from DES treated group (P<0.01)

acts as an antiestrogen only when it was administered
with estrogen.

Time Course Effect of 3-Methylcholanthrene on Rat
Uterine Growth

As increase the time of treatment of DES in vivo,
uterine weight increases. By 6 hour treatment of DES
shows significant increase in rat uterine weight and
after the 48 hour treatment the maximal stimulation
of uterine weight was observed to be 303% that of
control. However, 3MC treatment for 48 hours did
not show significant difference in uterine weight cha-
nges. And 3MC inhibited the estrogen stimulated rat
uterine weight increase when 3MC was concomistantly
treated with DES (Fig. 1). This data suggests that 3MC
may mediated through estrogen receptor system for
its antiestrogenic action. Antiestrogenic activity of
TCDD was reported in rats, mice and MCF-7 human
breast cancer cells in culture, for example, TCDD sup-
ressed the estrogen-mediated excretion of tissue plas-
minogen activator activity in MCF-7 human breast can-
cer cell in culture (Yao and Safe, 1989; Zachaewski
et al., 1991; Spink et al., 1990).

Determination of Affinity of Rat Uterine Estrogen
Receptor with [*H]estradiol
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Fig. 2. Direct binding analysis of [*HJestradiol to rat uterine
estrogen receptor. Rat uterine cytosol (protein concentration:
1.6 mg/ml) was incubated with varying concentrations of
[*HJestradiol (107'2-1077 M) in the presence or absence of
100-fold excess of diethylstilbesterol for 20 hours at 0°C. The
amount of [*HJestradiol bound was then determined by
charchoal-dextran adsorption method as described in “Mate-
rials and Methods”.

Direct binding analysis with rat uterine estrogen re-
ceptor have been caried out by incubating cytosol
fraction of rat uterine with various concentrations
(107 M-10"7 M) of [*H]estradiol in the presence of
100 fold excess of nonradiolabeled DES at 4°C for
16 hours. As shown in Fig. 2, as increase the concent-
rations of radiolabeled ligand rapid increase in receptor
binding to [*H]estradiol have been observed. Appro-
ximately 107°M [*Hlestradiol results in saturation of
receptor from rat uterus preparation. This indicates
high affinity of rat uterus estrogen receptor to [*HJest-
radiol. This data shows the same profile to other stu-
dies that have been reported previously (King and
Green, 1984; Welshons et al., 1984; Katzenellenbogen
et al., 1985; Sheen et al., 1984; Sudo et al., 1983; Hor-
witz and McGuire, 1978a; 1978b).

Scatchard Analysis of [*H]estradiol Binding to Rat
Uterus Estrogen Receptor

Schachard plot of direct binding of [*H]estradiol is
shown in Fig. 3 in which the dissociation constant
have been calculated from the slope of the plot to
be 0.4 nM. This shows the high affinity estrogen recep-
tor in rat uterus, and straight line indicates one class
of binding site to [°*H]estradiol in rat uterus. The Kd
value of rat uterine estrogen receptor that was calcul-
ated in this study is in the agreement to other studies
that have been reported (Sheen et al., 1984; Scatchard,
1949: Miller and Katzenellenbogen, 1983; Eckert and
Katzenellenbogen, 1982; Sheen et al., 1985; Horwitz
and McGuire, 1978a).
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Fig. 3. Scatchard analysis of [*H]estradiol to rat uterine estro-
gen receptor. Rat uterine cytosol(protein concentration:1.6
mg/milwas incubated with varying concentrations of [*H Jest-
radiol (10 '?2-1077 M)in the presence or absence of 100-fold
excess of diethyistilbesterol for 20 hours at 0°C. The amount
of [*HJestradiol bound was then determined by char-
choal-dextran adsorption method as described in “Materials
and Methods”. [*H]estradiol binding to rat uterine estrogen
receptor was plotted according to the equation of Scatchard.

Competition Analysis of Rat Uterus Estrogen Recep-
tor with 3-Methylcholanthrene

After 107 M [*H]Jestradiol was incubated with inc-
reasing concentrations of DES, or 3MC, or TAM, the
specific binding of [*H]estradiol was measured. The
relative binding affinity of each ligand has been deter-
mined by the comparing concentration of cold ligand
that results in 50% inhibition of [*HJestradiol binding
to estrogen receptor. When the concentrations of DES
which shows 50% inhibition of radiolabeled estradiol
binding to receptor was set as relative binding affinity
to be 100% (Fig. 4). In other words, 4.5X10" "M of
DES indicates 100% relative binding affinity for estro-
gen receptor. Therefore, 5X10° "M TAM represents
1% relative binding affinity, and 9.5X10 #M 3MC rep-
resents 4.7% relative binding affinity for estrogen rece-
ptor. These show the affinity of 3MC seems to be
quite similar to that of antiestrogen, TAM for the rat
uterine estrogen receptor. In the case of triphenylethy-
lene derived antiestrogens, it is known that the poten-
cy of antiestrogen correlates to the affinities of antiest-
rogens for the estrogen receptor (Katzellenbogen et
al., 1984; Sheen and Katzellenbogen, 1987; Miller et
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Fig. 4. Competition binding analysis of 3-methylcholanthrene.
[*Hlestradiol (10 *M) was incubated for 20 hours at 0°C
with rat uterine cytosol (protein concentration: 1.6 mg/ml)
in the presence of various concentrations of diethylstilbesterol
(DES, 107 °-10"7 M) or 3-methylcholanthrene 3MC, 1 nM -
T pM) or tamoxifen (TAM, 10 °-107°M). The amount of
[PHlestradiol bound was determined by charchoal-dextran
adsorption method.
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Fig. 5. Time course effect of 3-methylcholanthrene administ-
ration in vivo on uterine estrogen receptor level. Diethylstil-
besterol (DES), 3-methylcholanthrene (3MC) or DES+ 3MC
were injected into immature female rats for various times
as indicated. Amount of uterine estrogen receptor was deter-
mined by exchange assay using [*HJestradiol as described
in “Materials and Methods”. Bar represents standard devia-
tion of triplicate determinations.

al., 1983). This data indicates the 3MC brings about
antiestrogenic action via interation wirh estrogen rece-
ptor system, and its potency as an antiestrogen is simi-
lar to that of TAM. Although arylhydrocarbons showed
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Table Ill. Effect of diethylstibesterol, tamoxifen and 3-methyi-
cholanthrene administration in vivo on the level of rat uterine
estroegn receptor

Treatment (ug/Kg) Estrogen receptor

(fmol/mg protein)

Control 184.61 6.2
Diethylstilbesterol(50) 428+ 84
Tamoxifen(100) 67.9% 6.9
3-Methylcholanthrene(50) 921170
3-Methylcholanthrene(500) 624+ 83
3-Methylcholanthrene(1000) 18.6£9.6

Each value represents the meant SD of results obtained from
6-10 rats.

Table V. Effect of tamoxifen and ethylcholanthrene on est-
rogen receptor decrease by diethylstilbesterol in rat utrus ute-
rine growth

Treatment (ug/Kg)

Estrogen receptor
(fmol/mg protein)

Control ‘ 184.6+ 6.2
Diethylstilbesterol(50) 428+ 8.4
Diethylstilbesterol(50) + Tamoxifen(50)  45.5+ 9.8
Diethylstilbesterol(50) + Tamoxifen(100) 37.7* 6.2
Diethylstilbesterol(50) + Tamoxifen(500) 60.9% 1.7
Diethylstilbesterol(50) 50.8+ 3.1
+ 3-methylcholanthrene(50)
Diethylstilbesterol(50) 53.0+9.5
+ 3-methyicholanthrene(500)
Diethylstilbesterol(50) 491+£57

+ 3-methylcholanthrene(1000)

Each value represents the mean= SD of results obtained from
6-10 rats.

similar effects on uterine weight, 3MC appeared to
be different from TCDD. Spink et al. reported that
TCDD does not bind to the estrogen receptor and
progesterone receptor and structure-activity studies su-
ggested that the antiestrogenic activities of halogena-
ted arylhydrocarbons are mediated through the arylhy-
drocarbon receptor (Spink et al, 1990). It has been
suggested that one possible mechanism for the anti-
estrogenic effects of TCDD may be related to the inc-
reased cytochrome P450-dependent metabolism of
estradiol (Safe, 1990).

Time Course Effect of 3-Methylcholanthrene on the
Level of Estrogen Receptor in Rat Uterus

Administration of DES (100 ug/Kg) into rat for 6
hours resulted in rapid decrease in estrogen receptor
concentration and as increase the time up to 48 hours
of treatment of DES brings the receptor level back
up to 76% of untreated receptor level. However, the
treatment of 3MC caused estrogen receptor *- He de-
creased to 31% of control level. When est uge « and
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3MC were treated together, the level of estrogen re-
ceptor was not different from the pattem of estrogen
treated group (Fig. 5). It was reported that TCDD de-
creased constitutive and estradiol-induced uterine and
hepatic estrogen and progesterone receptor levels in
the female rat (Yao and Safe, 1989).

Effect of 3-Methylcholanthrene on the Level of Est-
rogen Receptor Concentration in Rat Uterus

Fifty ug/Kg of DES treatment for consecutive 3 days
decreased the level of estrogen receptor to 43% of
control and 100 pg/Kg of TAM treatment decreased
to 68% of control level of estrogen receptor. In the
case of 3MC treatment, the amount of estrogen recep-
tor decresed as increase the concentration of 3MC
as shown Table lil. Concomitant treatment of DES with
TAM or 3MC did not alter the effect of estrogen on
the rat uterine estrogen receptor level (Table V). Co-
mparision of data shown in Table | and data shown
in table 4 indicates that estrogen receptor level in the
uterus may not be the best reflection of the level
of rat uterine growth. Based on the results of this study
it is clear that effects of 3MC and TAM as antiestro-
gens do not correlate to their effects on receptor con-
centration, instead their affinities for estrogen receptor
are critical to bring about their antiestrogenic activities
in the rat uterus.
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