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Abstract

Background—With aging and menopause, which are associated with decreases in ovarian
steroids such as 17p-estradiol (E»), women might experience negative psychological symptoms,
including anxiety and depression. Some women use Ep-based therapies to alleviate these
symptoms, but E; has been associated with trophic effects that might increase vulnerability to
some steroid-sensitive cancers, such as breast cancer, in both premenopausal and postmenopausal
women.

Objective—This study investigated the relationships between the possible beneficial effects of
E, on anxiety and depressive behaviors concurrent with trophic effects using an animal model of
E, decline and replacement.

Methods—Dose-dependent effects of E, on affective, sexual, and motor behavior of young adult
rats were studied. Ovariectomized (OVX) rats were administered the chemical carcinogen 7,12-
dimethylbenz(a) anthracene (DMBA) 1.25 mg or inactive vehicle (vegetable oil; control) by
gavage. E; (0.03 or 0.09 mg/kg) or vehicle was administered subcutaneously 44 to 48 hours before
assessments of anxiety (light—dark transition), depression (forced swim test), sexual (lordosis), and
motor (activity monitor) behaviors. Fourteen weeks after carcinogen exposure, E; concentrations
in plasma and brain regions (cortex, hippocampus, and hypothalamus) were determined.
Incidences and numbers of tumors and uterine weight were analyzed.

Results—Administration of E; (0.09 mg/kg) was associated with significant increases in
antianxiety-like behavior in the light—dark transition task, antidepressant-like behavior in the
forced swim test, and physiologic circulating and central E; concentrations compared with Eo
(0.03 mg/kg) and vehicle. Compared with vehicle, E, (0.9 > 0.3 mg/kg) was associated with
significant increases in lordosis and uterine weight. Administration of DMBA was associated with
significant increases in the incidences and numbers of tumors; this effect was augmented by E,
administration.

Conclusion—Based on the findings in this rat model, the hypothesis that E; may be effective in
reducing anxiety and depressive behaviors and enhance sexual behavior in OV X rats, concurrent
with trophic effects in the periphery, was supported. Moderate physiologic levels of E, might have
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beneficial effects on affective and sexual behaviors in female rodents, but regimens including E»
might increase tumorigenic capacity.
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INTRODUCTION

The population is aging, and a trend toward better health care in industrialized nations has
resulted in greater longevity, particularly in women.! Despite the increase in longevity, the
age at onset of menopause has remained relatively stable, producing a situation in which
many women are living one third to half of their lives in a postmenopausal, 17p-estradiol
(E,)-deficient state.! Cessation of E, production has been associated with physiologic
symptoms (eg, hot flushes, night sweats, genital dryness) and changes in psychological
measures (eg, cognition, anxiety, mood), resulting in decreased quality of life.2 Some
women respond favorably to Ep-based treatments of these symptoms; however, in the years
following the publication of the findings from the large, randomized, controlled Women’s
Health Initiative, the benefits of E»-based treatments in relation to their potential risks have
been questioned.3-% As a result, women and their physicians have begun to reconsider their
treatment options for alleviating symptoms associated with the decrease in E,. The potential
risks of E, therapies, as well as the known proliferative effects of E, in reproductive tissues
such as the breast,” have dampened enthusiasm for using E; in the treatment of mood and
affective disorders. A history of greater exposure to E,, such as occurs related to parity,
early age at menarche, obesity, and late-onset menopause, increases breast cancer risk.8-12 A
relationship between high serum E, concentrations and increased breast cancer risk has been
found.12-15 For example, in one study, women with high plasma E, concentrations (=12 pg/
mL) had a relative risk of 1.91, whereas women with lower E, concentrations (6—7 pg/mL)
had a relative risk of 1.17.14 Bilateral oophorectomy has been associated with reduced
endogenous E, levels and breast cancer risk in some premenopausal women,16:17 and
administration of exogenous E; in postmenopausal women has been found to increase breast
cancer risk.18-20

In addition to modulating trophic effects in the body, E, from endogenous and/or exogenous
sources might alter mood and anxiety in women throughout the life span and might
contribute to the gender disparity that favors men for anxiety and mood disorders. Among
adults, there are clear gender differences in mood and anxiety disorders: at least twice as
many women are diagnosed with anxiety or depression compared with men.2! These gender
differences emerge after the onset of puberty, which is associated with cyclic changes in E;
concentrations in women but not men. E, concentrations decrease after menopause, when
there is cessation of these variations in E».222 Young women in their teens to ~50s (or when
menopause begins) are uniquely predisposed to changes in anxiety and mood that occur with
natural fluctuations in E, concentrations (ie, premenstrual syndrome), premenstrual
dysphoric disorder, and postpartum depression.2324 Although the gender differences in
anxiety and depressive disorders are typically attenuated with aging, there can be an
increased incidence of depression and/or anxiety symptoms coincident with the decline in E;
levels (ie, postmenopausal) in some women. However, it appears that the perimenopausal
period may be a particularly sensitive time for changes in affect with aging.2>-2°

In a cross-sectional study in 265 older (mean age, 74.6 years) postmenopausal women, Beck
Depression Inventory scores were significantly inversely related to plasma E,
concentrations; women with greater indices of depression had significantly lower E,
concentrations.30 These data support the hypothesis that although E, levels may contribute

Gend Med. Author manuscript; available in PMC 2013 April 04.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Walf and Frye

Page 3

to changes in affect, there may be individual differences in this response, with some women
responding poorly to E, decline and/or fluctuations. Moreover, E,-based treatments might
reduce anxiety and improve mood scores when administered in perimenopausal and/or
postmenopausal women.31-33 However, there are some inconsistencies in the clinical
literature,22:34.35 particularly regarding the benefit of Ep-based treatments in postmenopausal
women.

Some limitations of E,-based treatments of anxiety and depressive processes that have been
found in clinical studies?2:34:35 have been further explored using animal models. A typical
approach to determining the effects of E, decline and replacement in animal models is to
surgically remove the main endogenous source of E,, the ovaries (using ovariectomy
[OVX]), and replace them with various concentrations of E; that mimic levels to which the
animal would be exposed naturally during its life span. This approach has been tested in
rodent and nonhuman primate models. 3436 In 2 such studies, anxiety and depressive
behaviors were increased in OV X rats compared with young proestrous rats with high
physiologic E, concentrations.3*37 Additional studies in OVX rats3/-38 or mice37:39:40
found that the administration of an E, regimen that produced acute, moderate proestrus-like
E, concentrations was associated with decreases in anxiety and depressive behaviors,37-40
However, in other rodent models, an E, regimen that produced lower and/or higher
circulating E, did not have congruous antianxiety-like and antidepressant-like effects,34:38
Differences in anxiety and depression can also be observed based on age, due to potential
changes in receptor responsiveness and behavioral alterations that occur with aging.34:37
Given that the risk for negative trophic effects (ie, steroid-induced cancers) are a concern in
not only older, menopausal women but also in some young women, this study investigated
the relationship between the potential beneficial effects of E, on the brain (eg, affective and
sexual processes) and potential negative proliferative effects in the body (eg, tumors, uterine
weights).

MATERIALS AND METHODS

All methods used were approved by the Institutional Animal Care and Use Committee at the
University at Albany—State University of New York (SUNY), Albany, New York, and were
carried out in accordance with accepted standards of humane animal use.*!

Animals and Housing

Procedures

Forty-six adult (age, ~8 weeks) female rats weighing 200 to 300 g were obtained from
Taconic Farms (Germantown, New York) or Charles River Laboratories (Wilmington,
Massachusetts). Rats were group-housed (3-5 per cage) in polycarbonate cages (45 x 24 x
21 cm) that contained woodchip shavings for bedding, in a temperature-controlled room
(21° £ 1°C) in the Laboratory Animal Care Facility at the Life Sciences Research Building
at the University at Albany—-SUNY . Rats were maintained on a 12-hour reversed light—dark
cycle (lights off at 8 au), with rodent chow and tap water available ad libitum.

Ovariectomy—All rats underwent OV X under anesthesia induced using xylazine (12 mg/
kg; Bayer Corporation, Shawnee Mission, Kansas) and ketamine (60 mg/kg; Fort Dodge
Animal Health, Fort Dodge, lowa). Bilateral dorsolateral incisions were made in the skin
and muscle wall, and the ovaries and fallopian tubes were ligatured and removed. The
muscle wall was sutured and the skin was closed with a suture or staple and surgical
adhesive. Rats recovered for 1 week after surgery, with daily monitoring of postoperative
condition.
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DMBA or Vehicle Administration—After a 1-week recovery from OV X, 20 rats
received a single administration of the chemical carcinogen 7,12-dimethylbenz(a)anthracene
(DMBA) (Sigma Chemical Co., St. Louis, Missouri), and 26 rats were given an inactive
control substance (vegetable oil). DMBA 1.25 mg was mixed with vegetable oil (based on a
pilot study#2) and administered by gavage (curved, 16G, 3-inch length feeding needle with a
3-mm diameter ball on the end).

E, Administration—Starting 2 days after DMBA exposure, rats were injected with 0.03-
mg/kg E, (Steraloids Inc., Newport, Rhode Island) (DMBA exposed, 7 rats; control, 9 rats)
or 0.09-mg/kg E, (DMBA exposed, 6; control, 9) in vegetable oil vehicle, or vegetable oil
vehicle only (control), subcutaneously once per week for 14 weeks.

Behavioral Testing

Behavioral testing was conducted weekly at 44 to 48 hours after E, or vehicle injection, as
per previously published investigations.3843 Rats were assessed for anxiety, depressive,
sexual, and motor behaviors using the tasks described subsequently. The order in which rats
were tested was identical in all animals. Behavioral data were collected by trained observers,
blinded to the hypothesized outcome of the study, and simultaneously recorded using a
video camera and/or video tracking system (Any-maze, Stoelting, Inc., Wood Dale, Illinois).

Light—Dark Transition Task—Rats were tested in the light—dark transition task as
described elsewhere.** Briefly, rats were placed on the illuminated side of a 2-chambered
box (30 x 40 x 40 cm) that had white walls and floor. The dark side of the chamber was
painted black and not illuminated. During the 5-minute task, the time rats spent on the light
versus the dark side of the chamber was recorded. More time spent on the light side of the
chamber indicated antianxiety-like behavior.

Forced Swim Test—The forced swim test was performed as described elsewhere.38 Rats
were placed in a cylindrical chamber (45 cm h x 20 cm diameter; Stoelting) that contained
30-cm-deep, 30°C tap water. The times spent struggling, swimming, and immaobile were
recorded during the 10-minute task. A decreased time spent immobile, and an increased time
spent swimming or struggling, indicated antidepressive-like behavior.

Sexual Receptivity—Rats were tested for sexual behavior in a polycarbonate chamber
(50 x 25 x 30 cm) using methods described elsewhere.43 Briefly, the behaviors of female
rats when mounted by a sexually experienced male rat were recorded for 10 minutes or 10
mounts, whichever occurred first. The frequency of lordosis (lordosis quotient [LQ]) and
intensity of lordosis (lordosis ratings [LR]) were quantified by rating dorsiflexion on a scale
of 0 to 3 (with 3 corresponding to the greatest level of dorsiflexion).®

Horizontal Crossing Task—Immediately after testing for sexual receptivity, rats were
tested in the horizontal crossing task as per methods described elsewhere.46 Rats were
placed for 5 minutes in a 39 x 39 x 30-cm Digiscan Optical Animal Activity Monitor
(Accuscan Instruments Inc., Columbus, Ohio), which mechanically recorded the number of
horizontal beam breaks that were made as an index of general motor behavior.

Tissue Collection

Euthanization was by rapid decapitation. Trunk blood was collected in chilled test tubes,
placed on ice, and centrifuged at 3000g for 10 minutes. Plasma was poured into microfuge
tubes and stored at —80°C until immediately prior to radioimmunoassay. Brains were rapidly
dissected from the head and placed in a weigh boat on dry ice. Whole brains were stored at
—80°C until immediately prior to radioimmunoassay. Rats were palpated and visually
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inspected to determine the presence of tumors. Tumors were dissected out, weighed, and
placed on dry ice. Uteri from rats were dissected out, weighed, and placed on dry ice.

Radioimmunoassay of E»

To address the effects of treatments for E, concentrations in plasma and brain regions that
may mediate the behavioral effects from E, decline (cortex, hippocampus, and
hypothalamus), radioimmunoassay for E; in these tissues was done using previously
reported methods.4’ Plasma and brains were thawed on ice. Brain regions were dissected
out, such that the frontal region of the cortex, and the entire hippocampus and hypothalamus,
were assayed. Dissected brain regions were homogenized with a glass/glass homogenizer in
50% MeOH:1% acetic acid. Homogenates were centrifuged at 3000g, followed by
chromatographic separation of the supernatant using Sep-pak cartridges (Waters
Corporation, Milford, Massachusetts) equilibrated with 50% MeOH:1% acetic acid. Steroids
were eluted with increasing concentrations of MeOH (ie, 50% MeOH followed by 100%
MeOH). Solvents were evaporated to dryness in a savant. E, was extracted from plasma
samples using snap-freezing with ether. Immediately before radioimmunoassay setup,
samples were reconstituted in 150 pL phosphate assay buffer. The radioactive probes used
were E,; NET-317, 51.3 Ci/mmol (purchased from Perkin-Elmer Corporation, Boston,
Massachusetts). The E, antibody (in a 1:40,000 dilution; E#244, Dr. G.D. Niswender,
Colorado State University, Fort Collins, Colorado) used typically binds between 40% and
60% of [3H] E, and bound 54% in the present study. The range of the standard curves,
prepared in duplicate, was 0 to 1000 pg for E,. Standards were added to assay buffer
followed by the addition of antibody and 3H E,. Total assay volumes were 750 pL for E,.
The assay was incubated overnight at 4°C. Separation of bound and free E;, was
accomplished by rapidly adding dextran-coated charcoal to assay tubes. Following 20-
minute incubation with charcoal, samples were centrifuged at 3000g for 20 minutes, and the
supernatant was decanted into a glass scintillation vial with 5-mL scintillation cocktail
(Scintiverse BD, Fisher Scientific, Pittsburgh, Pennsylvania). Sample tube concentrations
were calculated using the logit-log method of Rodbard and Hutt,*8 interpolation of the
standards, and correction for recovery with Assay Zap (Biosoft, Cambridge, United
Kingdom). The interassay and intra-assay reliability coefficients were 0.05 and 0.06.

Statistical Analyses

Two-way analyses of variance (ANOVAs) were used to determine the effects of E, dosage
and DMBA condition on tumor number, uterine weights, and E, concentrations. One-way
ANOVASs were used to determine the effects of E, condition for behavioral end points. If
main effects were found, group differences were determined using the Fisher post hoc test.
A Pvalue <0.05 was considered statistically significant.

RESULTS

There were dose-dependent effects of E, (0.09 > 0.03 mg/kg) to significantly increase E,
concentrations in plasma (/49 = 8.78; < 0.01), cortex (£, 49 = 8.05; < 0.01),
hippocampus (5, 40 = 7.34; £< 0.01), and hypothalamus (/49 = 3.30; £< 0.01) compared
with vehicle. DMBA administration was not associated with significantly altered E,
concentrations (Table I).

There was a significant main effect of E, to increase time spent on the light side of the light—
dark transition chamber (5, 43 = 3.31; £= 0.05) compared with vehicle (Figure 1).
Compared with vehicle, 0.09-mg/kg E, was associated with significantly increased time
spent on the light side of the chamber.
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There was a significant main effect of E; to increase time spent struggling (/43 = 4.53; P=
0.02) and decrease time spent immobile (/43 = 3.54; = 0.04) in the forced swim test
compared with vehicle (Figure 2). Compared with vehicle, E; 0.09 mg/kg was associated
with significantly increased time spent struggling (P < 0.05) (Table I1) and decreased time
spent immobile in the forced swim test (Figure 2). There were no significant differences in
swimming duration (Table II).

There was a significant main effect of E; to increase LQ (£, 43 = 23.03; £=0.01) (Table II)
and LR (/43 = 16.13; P=0.01) (Figure 3) compared with vehicle. Compared with vehicle,
E, (0.03 and 0.09 mg/kg) was associated with significant increases in LQ and LR.

There were no significant differences in the numbers of beam breaks made in the activity
monitor (Table II).

There was a significant main effect of DMBA administration to increase mean numbers of
tumors compared with vehicle (F 49 = 20.38; £< 0.01). DMBA 1.25 mg was associated
with significantly increased mean tumor weight compared with vehicle (P < 0.01). Both
dosages of E, were associated with significantly increased mean numbers of tumors
compared with vehicle (/40 = 8.72; £< 0.01) (Figure 4).

There was a significant main effect of E; administration to increase uterine weight (/7 40 =
5.40; P< 0.01) (Figure 5). Compared with vehicle, E, 0.03 and 0.09 mg/kg were associated
with significantly increased uterine weights (both, by ~40%; £< 0.01).

DISCUSSION

The findings from the present study supported our a priori hypothesis that E; would have
dose-dependent effects on anxiety and depressive behaviors and trophic effects in the
periphery in OVX rats. Administration of a moderate dose of E, (0.09 mg/kg) was
associated with significantly decreased anxiety-like behavior, characterized by more time
spent in the light of the light—dark transition task, and depressive-like behavior,
characterized by decreased immaobility on the forced swim task, compared with a lower E,
dose (0.03 mg/kg) and inactive vehicle. Both doses of E, were associated with significantly
enhanced sexual behavior (lordosis in response to mounting by a male rat), but there were
no significant differences in general motor behavior (movement in activity chamber)
compared with vehicle. Compared with no carcinogen exposure, DMBA administration was
associated with significantly increased incidences and numbers of tumors, and this effect
was augmented by E administration. E, was associated with significantly increased uterine
weight, with the 0.09-mg/kg dose being associated with significantly greater physiologic
circulating and brain concentrations of E, compared with the lower dose (0.03 mg/kg) and
vehicle, akin to levels in intact, naturally receptive rats. Together, these data suggest that Eo
has dose-dependent beneficial effects on anxiety and depressive behavior in female rodents,
but these same regimens can have detrimental trophic effects in the periphery.

The current findings are consistent with previously published data on the effects of
physiologic dosing of E, for affective behavior in rodents. In support, proestrous rats, which
are naturally sexually receptive and have high physiological E; levels, have increased
antianxiety-like and antidepressive-like behavior compared with rats with lower E,
levels.4649 In previously published studies, rats administered an E, regimen (5-10 pg)
consistent with physiologic E, concentrations (similar to that observed in naturally receptive
rats) had significantly increased antianxiety and antidepressive behaviors.38-40 In contrast, 2
studies found that low (<5 pg) or high (20-50 pg) doses of Ey, or a regimen that would not
be expected to significantly increase circulating E, concentrations at test time to levels
observed in naturally receptive rats, generally had no or weak effects to increase antianxiety
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and antidepressive behavior.3440 The findings from the present study extend those findings
by suggesting that dose-dependent effects of E; may be specific to affective processes. The
present study found that both doses of E, were associated with significantly increased sexual
receptivity in female rats and uterine weight. However, only the dose of E, that was
associated with physiologic E, concentrations in plasma and brain regions that may
modulate the effects of E, for anxiety and depression (0.09 mg/kg) was associated with
significantly increased antianxiety and antidepressive behaviors. Together, these data
suggest that E, regimens consistent with E; concentrations in naturally receptive/proestrous
rats increases antianxiety-like and antidepressive-like behaviors in OV X rats.

The current findings are consistent with those from previously published reports on the
effects of E, on tumorigenic processes in animal models, described as follows. In a study in
OVX Noble rats, long-term (13 weeks) treatment with high-dose E, benzoate (polymeric
silicone capsule filled with crystalline E, benzoate) administered by subcutaneous
implantation was associated with mammary gland proliferation at 13 weeks after treatment
initiation.?9 In that study, palpable tumors first appeared 5 months following the initiation of
E, treatment.?0 A study in our laboratory at the University at Albany found significantly
increased incidences of tumors at 6 to 8 months of E, exposure (polymeric silicone capsules
filled with crystalline E,) compared with 2 months of exposure or no exposure in OVX
rats.42 The present study found that E, administration once weekly for 14 weeks increased
tumor burden (incidence, number) in OV X rats, and that DMBA-induced tumor incidence
and number were increased in rats administered E,. Previously published studies in adult
female Noble and Sprague-Dawley rats found that DMBA exposure was associated with
mammary tumors that were hormone dependent. °1-53 DMBA exposure is typically used in
animals to model mammary and ovarian cancers. °3:°4 Together, these data support that E,
has trophic effects in animal models of hormone-dependent cancer.

The current findings extend previously reported effects described in the preceding paragraph
by concurrently investigating behavioral and tumorigenic processes in a whole-animal
model. Although other studies38-40:46-53 have separately investigated the effects of E; on
psychological symptoms and trophic effects, it is important to examine both of these
processes. The expression of steroid receptors in the mammary glands of women with breast
cancer may be associated with psychological symptoms.®® Studies are investigating the
estrogen receptor (ER) and other steroid receptor-mediated mechanisms of these effects.3”
Determining the mechanisms of action of E; in its effects on affective behaviors has great
clinical significance. Increasing life expectancy in women, together with a relatively
constant age at onset of menopause, has resulted in low or at-nadir endogenous E»
concentrations for one third to half of life in some women. Thus, it is likely that more
women will use E»-based therapies to relieve some symptoms, including those
neuropsychiatric in nature, associated with E, decline.>® An important topic of investigation
of the therapeutic efficacy of E; is related to the differential distribution of ER, and ERg. It
is clear that E; can have trophic effects, and this is most evident in ER,-containing cells in
mammary and uterine tissue.?’ Importantly, ERg is more widely distributed in the limbic
regions of the brain, such as the hippocampus,®® which may account for some of the
beneficial effects associated with this receptor subtype. In our laboratory and others, the
functional effects of E; via actions at ERg on anxiety behavior343744.59-62 and ER, on
sexual behavior82:63 have been determined. E, might also alter the formation of new neurons
in the hippocampus® or alter spine density,%° thereby enhancing central nervous system
plasticity. Thus, it is crucial to discern the receptor mechanisms important in the beneficial
versus unwanted proliferative effects of E».
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CONCLUSIONS

The present data suggest that E significantly decreased anxiety-like and depressive-like
behaviors in female OV X rats in a dose-dependent manner. E, was also associated with
significantly increased physiologic circulating and brain concentrations of E,. The
specificity of these effects for anxiety-like and depressive-like behavior was apparent in that
the effects occurred with little evidence of dose dependency on sexual and general motor
behaviors. Exposure to a chemical carcinogen was associated with significantly increased
incidences and numbers of tumors compared with no carcinogen exposure, and E, at both
doses significantly enhanced these effects.
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Figure 1.

Time spent on the light side of the light—dark transition chamber in ovariectomized rats
administered the chemical carcinogen 7,12-dimethylbenz(a)anthracene or inactive vehicle,
followed by weekly priming with estradiol (E,) or inactive vehicle (control). *< 0.05
versus control.
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Figure2.

Time spent immobile in the forced swim test in ovariectomized rats administered the
chemical carcinogen 7,12-dimethylbenz(a)anthracene or inactive vehicle, followed by
weekly priming with estradiol (E,) or inactive vehicle (control). *~ < 0.05 versus control.
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Figure 3.

Lordosis ratings (LRs) in ovariectomized rats administered the chemical carcinogen 7,12-
dimethylbenz(a)anthracene or inactive vehicle, followed by weekly priming with estradiol
(E») or inactive vehicle (control). *~=0.01 versus control.

Gend Med. Author manuscript; available in PMC 2013 April 04.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Walf and Frye

Tumor Incidence (%)

100

80

60 —

40—

20

)
)

Page 15
W E 003 mgkg(n=16
O E 0.09 mgkg (n=15
O Control (n=15)
B
3.0
*
2.5
2]
5 “+
£
i
Y—
o
o *
z
: I
w
2
c
]
]
>
I ] I ]
DMBA No DMBA DMBA No DMBA

Figure4.

(A) Incidence of tumors in experimental rats and (B) number of tumors in ovariectomized
rats administered the chemical carcinogen 7,12-dimethylbenz(a)anthracene (DMBA) or
inactive vehicle (no DMBA), followed by weekly priming with estradiol (E,) or inactive
vehicle (control). *2< 0.01 versus control; T~< 0.05 versus no DMBA.
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Figurebs.

Uterine weight in ovariectomized rats administered the chemical carcinogen 7,12-
dimethylbenz(a)anthracene (DMBA) or inactive vehicle (no DMBA), followed by weekly
priming with estradiol (E5) or inactive vehicle (control). *~< 0.01 versus control.
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Table Il

Behavioral measures in ovariectomized rats administered the chemical carcinogen 7,12-
dimethylbenz(a)anthracene or inactive vehicle, followed by weekly priming with estradiol (E,) or inactive

vehicle (control). Values are mean (SEM).

Outcome Measure E, 0.03mg/kg (n=16) E,0.09 mg/kg(n=15) Control (n=15)
Forced swim test: time spent struggling, sec 143.9 (13.2) 203.8 (20.9) * 140.1 (15.4)
Forced swim test: time spent swimming, sec 65.3 (18.3) 90.3 (16.3) 80.5 (21.4)
Lordosis quotient 252 3.6)7 3823.1)7 7.8(3.0)
Activity monitor: no. of beam breaks made 695.4 (102.8) 917.4 (119.5) 842.5 (106.3)

*
P<0.05 versus control.

fPs 0.01 versus control.
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