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Abstract

Exposure to estrogens is suggested to be a risk factor in human breast cancer development. The

mechanisms underlying estrogen-induced cancer have not been fully elucidated. Both estrogen

receptor (ER)-mediated proliferative processes and ER-independent generation of oxidative stress

are suggested to play important roles in estrogen-induced breast carcinogenesis. In the current

study, we investigated the role of oxidative stress in breast carcinogenesis using the ACI rat model

of mammary tumorigenesis. Female ACI rats were treated with 17β-estradiol (E2), butylated

hydroxyanisole (BHA), or a combination of E2 + BHA for up to 240 days. Cotreatment of rats

with E2 + BHA reduced estrogen-induced breast tumor development with tumor incidence of

24%, a significant decrease relative to E2 where tumor incidence was 82%. Proliferative changes

in the breast tissue of E2 + BHA-treated animals were similar to those observed in E2-treated

animals. Tissue levels of 8-isoprostane, a marker of oxidant stress, as well as the activities of

antioxidant enzymes including glutathione peroxidase, superoxide dismutase, and catalase were

quantified in the breast tissues of rats treated with E2 + BHA and compared to activity levels

found in E2-treated animals and respective age-matched controls. Cotreatment with BHA inhibited

E2-mediated increases in 8-isoprostane levels as well as activities of antioxidant enzymes. In

summary, these data suggest that estrogen-mediated oxidant stress plays a critical role in the

development of estrogen-dependent breast cancers and BHA inhibits E2-dependent breast

carcinogenesis by decreasing oxidant stress.
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INTRODUCTION

Breast cancer represents one of the most common neoplasms among women worldwide, and

breast cancer is second only to lung cancer as a leading cause of cancer death in women

living in the United States [1–3]. Epidemiological evidence indicates that breast cancer risk

is strongly associated with prolonged lifetime exposure to estrogens [4–6]. Indeed, early age

at menarche and late age at menopause both increase breast cancer risk, presumably by

extending duration of estrogen exposure [7, 8]. Although an extensive body of the literature

lends strong support to the involvement of estrogens in breast carcinogenesis, the exact

mechanisms by which estrogens exert their carcinogenic effects remain ill defined [9, 10].

Estrogens are suggested to induce mammary carcinogenesis via two distinct mechanisms:

the estrogen receptor (ER)-dependent mechanism and the ER-independent mechanism. The

ER-dependent pathway of estrogen action encompasses cell growth and proliferation

secondary to the binding of estrogen to the ER [10–14]. In addition to stimulation of cell

growth in normal cells, estrogens can promote the expansion of estrogen-sensitive neoplastic

cells by way of ER-mediated processes. The ER-independent mechanism of estrogen-

induced carcinogenesis relies on metabolic activation of endogenous estrogens by

cytochrome P450 (Cyp) enzymes to generate highly reactive genotoxic metabolites [10, 12,

15]. These enzymes convert E2 into the catechol estrogens 4-hydroxyestradiol (4-OHE2) and

2-hydroxyestradiol (2-OHE2), respectively [16]. 2-OHE2 is rapidly methylated by catechol-

O-methyl transferase and is not genotoxic. In contrast, 4-OHE2 is highly genotoxic.

Tumorigenic estrogen metabolites such as 4-OHE2 undergo oxidative metabolism to form

catechol estrogen quinones, which readily react with DNA to produce depurinating adducts.

If not faithfully repaired, these depurinating adducts have the potential to generate mutations

[12, 17, 18]. Furthermore, catechol estrogen quinones undergo oxidative metabolism, and in

the process, produce free radicals and reactive oxygen species, that are capable of damaging

cellular biomolecules, such as DNA, protein, and lipids [11, 19–21]. Recent data also

suggest mitochondrial involvement in the generation of estrogen-associated reactive oxygen

species (ROS) [22–24]. The ER-dependent and ER-independent pathways of estrogen action

are suspected to act synergistically to exacerbate DNA damage, produce gene mutation, and

promote aberrant regulation of gene expression [16, 19, 25, 26].

The present study was intended to examine the impact of oxidative stress, an integral part of

the ER-independent pathway of estrogen action, on breast carcinogenesis in vivo using the

ACI rat model. The antioxidant BHA was used to assess the impact of oxidative stress on

breast tumor development. Female ACI rats were treated with BHA, E2, or E2 + BHA for 7,

15, 120, or 240 days. Treatment of ovary-intact female ACI rats with E2 results in the

development of mammary tumors with 80–100% incidence within 6–7 months. Despite the

sensitivity of ACI rats to E2-induced tumors, these rats are very resistant to the development

of spontaneous breast tumors without E2 treatment [27]. Mammary tumors produced in this

model have been shown to be adenocarcinoma in nature with invasive features observed in

some. Moreover, mammary tumors observed in this model system share several pertinent

characteristics with human mammary tumors [28–34]. Our data demonstrate that BHA

inhibits E2-induced breast carcinogenesis and decreases E2-associated increases in oxidative
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stress. Taken together, our data suggest that oxidant stress plays an important role in the

pathogenesis of estrogen-mediated breast cancer.

MATERIALS AND METHODS

Treatment of Animals and Histopathologic Analysis

Female ACI rats (4 weeks of age; Harlan Sprague Dawley, Indianapolis, IN) were housed in

our animal facility under controlled temperature, humidity, and lighting conditions. After a

one-week acclimatization period, rats were divided in four groups: control, E2, BHA and E2

+ BHA. Rats in the E2 and E2 + BHA treatment groups were implanted subcutaneously with

E2 pellets (3 mg E2 + 17 mg cholesterol). The control and BHA only groups were implanted

with pellets containing 17 mg cholesterol only. E2 and cholesterol pellets were prepared

using a pellet press as described previously [4, 35, 36]. E2 and control group of animals were

fed with purifiedAIN76A phytoestrogen-free diet (Dyets, Bethlehem, PA), whereas E2 +

BHA and the BHA only group of animals were fed with AIN76A diet containing 0.7%

(w/w) BHA (Dyets, Bethlehem, PA). Water was given ad libitum to all the animals. Each of

the four exposure groups was divided into four subgroups containing at least 10 rats in each

subgroup, and these rats underwent treatments for 7, 15, 120, or 240 days, respectively.

Animals were palpated twice weekly to monitor mammary tumor development. At the end

of each of the above-mentioned time periods, animals were anesthetized using isoflurane

and euthanized. Mammary tissues and tumors as well as liver, uterus, kidney, lung, and

brain tissues were removed and snap-frozen in liquid nitrogen for further studies. Frozen

tissues were stored at −70°C. A portion of the excised mammary and other tissues was

stored in 10% buffered formalin for histopathologic analyses. The formalin-fixed tissue was

embedded in paraffin, and sections of 4–5 μm thickness were cut. Paraffin-embedded

sections of the mammary, liver, brain, uterus, kidney, lung, and ovary were stained with

hematoxylin and eosin for histopathologic evaluations. Tumor incidence and the number of

tumor nodules per rat were counted at the time of dissection. All the mammary tissue

sections from the treatment groups were examined for tumor development and

histopathologic changes.

Analysis of 8-isoPGF2α Levels

Total 8-iso-prostane F2α (8-isoPGF2α) levels in the mammary and liver tissue of female ACI

rats were quantified using a direct 8-isoPGF2α enzyme immunoassay kit obtained from

Assay Designs (Ann Arbor, MI), according to the suppliers instructions, as described

previously [4]. Briefly, rat mammary tissue, tumor, and liver tissue (50–100 mg) were

homogenized in cold PBS (pH 7.4), containing 0.005% butylated hydroxytolulene.

Homogenization was carried out in the TissueLyser (Qiagen, Valencia, CA) at 29 cycles per

second for 4 min. Protein concentrations from the homogenates were determined using the

Pierce BCA protein assay kit (Pierce, Rockford, IL). For determination of 8-isoPGF2α level,

100 μL of the homogenate from each tissue was hydrolyzed by incubation with 25 μL of 10

N NaOH at 45°C for 2 h. The reaction mixture was cooled on ice for 5 min, neutralized with

25 μL of 12 N HCl, and centrifuged for 5 min at 4°C. Fifty microliter of the hydrolyzed/

neutralized supernatant sample was then used in the 96-well format 8-isoPGF2α assay.

Samples were incubated with the 8-isoPGF2α antibody for 18 h at 4°C. The contents of the
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wells were emptied after incubation and washed with wash buffer. After complete removal

of wash buffer from the wells, the color was developed by incubation with 200 μL of p-

nitrophenyl phosphate for 45 min, at room temperature. The reaction was stopped by the

addition of 50 μL of stop solution, and the plate was read at 405 nm. Standards were run on

each plate, and standard curve was generated by measuring the optical density of 160–

100,000 pg/mL of 8-isoPGF2α standards that were processed simultaneously with the

unknown samples. Data are expressed as mean 8-isoPGF2α pg/μg protein ± SEM. Fold

changes were calculated by comparing 8-isoPGF2α levels detected in the mammary or liver

tissue of treated animals to levels in the respective tissue of age-matched control animals.

Analysis of Superoxide Dismutase, Glutathione Peroxidae, and Catalase Activities

Superoxide dismutase (SOD), glutathione peroxidase (GPX), and catalase (CAT) activities

were quantified using commercially available kits from Cayman Chemical Company (Ann

Arbor, MI) and as reported recently [37]. Briefly, the SOD activity was quantified using a

tetrazolium salt for detection of superoxide radicals, generated by xanthine oxidase and

hypoxanthine. Approximately, 50 mg of mammary or liver tissue was homogenized in 50

mM phosphate buffer, containing 1 mM EDTA, 210 mM mannitol, and 70 mM sucrose.

After homogenization, homogenates were centrifuged at 1500 g for 5 min at 4°C. The

supernatant was removed, and the protein concentration was measured using the BCA

Protein Assay kit (Pierce, Rockland, IL). Standards were run on each plate along with the

unknown samples for generation of standard curve. The absorbance of the sample and

standard wells were measured at 450 nm, using a plate reader (Versamax Microplate Reader,

Molecular Devices, Sunnyvale, CA). SOD activity is reported as units/μg protein. The GPx

assay kit measures GPx activity by way of a coupled reaction with glutathione reductase.

This assay is based on the production of oxidized glutathione during reduction of

hydroperoxide by GPx and then recycling to its reduced state by glutathione reductase and

NADPH. The oxidation of NADPH to NADP+ causes a decrease in the absorbance at 340

nm. The rate of decrease in the absorbance of the samples at 340 nm is directly proportional

to the GPx activity in the sample. At the time of analysis, approximately 50 mg of mammary

or liver tissue was homogenized in 50 mM phosphate buffer, containing 1 mM EDTA, 210

mM mannitol, and 70 mM sucrose. After homogenization, homogenates were centrifuged at

10,000×g for 15 min at 4°C. Seven time points with a gap of 1 min were obtained to

accurately assess the decrease in absorbance at 340 nm. GPx activity was reported as

nmol/min/μg protein. The determination of CAT activity is based on the reaction of the

catalase enzyme with methanol, in the presence of an optimal concentration of H2O2. The

formaldehyde produced is measured spectrophotometrically at 540 nm using 4-amino-3-

hydrazino-5-mercapto-1,2,4-triazole (Purpald) as the chromogen. Purpald specifically forms

a bicyclic heterocycle with aldehydes, which changes from colorless to purple following

oxidation. At the time of analysis, approximately 50 mg of mammary or liver tissue was

homogenized in 50 mM phosphate buffer, containing 1 mM EDTA, 210 mM mannitol, and

70 mM sucrose. After homogenization, homogenates were centrifuged at 10,000×g for 15

min at 4°C. Standards were run simultaneously on each plate (Versamax Microplate Reader,

Molecular Devices, Sunnyvale, CA). Catalase activity is reported as nmol/min/μg protein.

Fold changes in SOD, GPx, and CAT activity were calculated by comparing GPx activity in
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the mammary, liver tissue of treated groups to the activity measured in the respective tissue

of age-matched respective controls.

Statistical Analyses

Statistical analysis was performed by using Sigma Plot 8.0 (Systat Software, San Jose, CA).

Fisher’s exact test was used to compare tumor incidence between two treatment groups, or

between a treatment group and a specific control group, where tumor incidence was

estimated as a proportion of tumor occurrence of the animals in an experimental group. 8-

isoPGF2α, SOD, CAT, and GPx assays were all done using at least eight samples from eight

different animals in each treatment group. The unpaired t-test analysis was used to calculate

p values for comparisons of 8-iso-PGF2α levels, SOD, CAT, and GPx activity between the

treated animals and their respective age-matched controls. A p value < 0.05 was considered

significant.

RESULTS

BHA Decreases the Incidence and Increases the Latency of E2-Induced Mammary Tumors

Neither cholesterol control nor BHA-treated control rats developed mammary tumors.

Mammary tumor incidence in rats cotreated with E2 and BHA was 24% after 8 months of

treatment. The first palpable tumor in this group did not appear until day 169 (Table 1). In

contrast, in the E2-treated group, the first palpable breast tumors have been shown to appear

after 128 days of treatment and mammary tumor incidence was equal to 82% after 8 months

of E2 exposure [37]. BHA treatment significantly increases tumor latency (Figure 1).

Treatment with E2 + BHA was associated with a decrease in tumor multiplicity compared to

the E2 group (Table 1). In the E2 + BHA group, one tumor nodule per tumor-bearing animal

was observed, whereas in the E2 treatment group an average of 3.1 ± 0.7 tumor nodules was

present in tumor-bearing rats. Histopathologic examination of mammary tissue from the

control and BHA groups revealed normal lobular architecture with branched ducts and

normal distribution of fat tissue (Figure 2). Mammary tissues in E2 + BHA-treated rats

showed ductal hyperplasia with increased expansion of terminal lobular units accompanied

by compression of and expansion into the surrounding fat tissue. The proliferation changes

are similar to the hyperplastic changes observed in rats treated with E2 only (Figure 2). Both

mammary ductal carcinoma in situ and microinvasive carcinoma were observed in the E2 +

BHA-treated group. In most cases, the carcinomas showed mixed morphology, consisting of

solid patterns with or without comedo-necrosis. Cribriform and cystic-papillary pattern were

also present in some cases (Figure 3). Microscopically, there were no differences in tumor

morphology between E2 or E2 + BHA-treated animals except for more invasiveness in E2-

treated mammary tumors. Mammary tumors in E2-treated rats showed evidence of invasion

of surrounding tissues by breakdown of the basal membrane of the affected tubule-lobular

units or ductal units with atypical clusters and poorly formed glands invading the

surrounding stroma, whereas animals cotreated with E2 + BHA harbored mammary tumors

that were mostly encapsulated and rarely invasive in nature (Figure 3). Histopathological

examination of tissue sections from nontarget organ liver of control and E2-treated rats as

well as E2 + BHA group and their respective control BHA group did not show any evidence

of tumor or dysplasia (data not shown).
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BHA Reduces E2-Associated 8-isoPGF2α Formation

Total 8-isoPGF2α levels were quantified in the mammary and liver tissues of animals from

the experimental (E2 and E2 + BHA) and control (cholesterol and BHA) groups. 8-isoPGF2α

is an established marker of oxidative stress [38–41]. Fold changes in 8-isoPGF2α levels in

mammary and liver tissues were calculated by comparing the levels in experimental groups

to the levels in mammary and liver tissue in their respective control groups. No significant

differences in liver 8-isoPGF2α levels were detected between control animals and those

treated with E2 or E2 + BHA (data not shown). BHA treatment suppressed E2-associated

increases in 8-isoPGF2α formation. Rats cotreated with BHA and E2 displayed significantly

lower fold change in mammary 8-isoPGF2α levels relative to rats exposed to E2 alone

(Figure 4). After 120 and 240 days exposure to E2, 8-isoPGF2α levels in mammary tissue

reached approximately three- and five-fold higher, respectively, than controls, indicating a

significant increase in 8-isoPGF2α levels. However, in animals cotreated with BHA and E2,

mammary 8-isoPGF2α levels were only increased 1.5- and 1.3-fold over control levels after

120 and 240 days of treatment, respectively (Figure 4) indicating about two- and four-fold

decreased following treatment with BHA.

BHA Reduces E2-Induced Alterations in the Activities of Antioxidant Enzymes

The activities of the antioxidant enzymes in a particular tissue depict the status of oxidative

stress in that particular tissue or organ. The activities of antioxidant enzymes SOD, CAT,

and GPx were quantified in the mammary tissue, mammary tumor, and liver tissue of rats

treated with E2 or E2 + BHA, as well as in their respective control groups. SOD and GPx

enzyme activity levels in mammary and tumor tissues were significantly different between

E2 and cholesterol control group at 240 days treatment time point (Table 2). Cotreatment of

rats with BHA and E2 reduced E2-induced changes in enzymatic activity. No significant

differences were observed in the activities of antioxidant enzymes, SOD, CAT, and GPx

between E2 + BHA and BHA alone when treated for 15, 120, and 240 days that suggests

antioxidant role of BHA in E2 + BHA-treated group (Table 2). There were significant

decreases in the fold changes of SOD and CAT enzymes activities in the E2 + BHA group

compared to the E2-treated group after 240 days of treatment (Table 2).CAT activity in E2 +

BHA mammary tissues was also significantly lower after 7 and 120 days of treatment. SOD

activity in the E2-treated group was elevated 3.1-fold relative to control mammary tissue

after 240 days of treatment. However, in rats exposed to E2 + BHA for 240 days, mammary

tissue SOD activity was significantly reduced compared to the E2-treated group (Table 2).

SOD and CAT activities were not significantly different in mammary tumors between E2 +

BHA and E2-treated animals. No alterations in GPx activity were detected in mammary

tissues or mammary tumors from animals in E2 + BHA groups. There was no significant

difference in SOD, CAT, and GPx activity in liver tissues between E2 and their control

group as well as between the E2 + BHA and the BHA group (data not shown).

DISCUSSION

A number of epidemiological studies indicate that estrogen use is associated with breast

carcinogenesis [11, 42, 43]. Despite extensive investigation, the carcinogenic mechanism(s)

underlying estrogen action remain unresolved. Tumor induction is suggested to depend on
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estrogen metabolism and oxidative stress resulting from the redox cycling of estrogen

metabolites as well as on the ER-dependent pathway of estrogen-induced cell growth [4, 11,

14, 44–50]. Metabolic activation of estrogens to catechol estrogens has been shown to be a

prerequisite for the generation of oxidative stress [13].

In the present study, we used the ACI rat model of breast cancer to examine the role of

oxidative stress in estrogen-mediated breast carcinogenesis. BHA, a known antioxidant, was

used to examine whether decreasing oxidative stress could prevent E2-induced breast

carcinogenesis. BHA is one of the several widely used antioxidant food additives that have

been suggested to provide protection against chemical carcinogens and reduce toxicity. The

exact mechanism for the anticarcinogenic activity of BHA administered subsequent to

carcinogen administration remains unknown [51]. The anticarcinogenic activity is often

ascribed to the ability of BHA to act as a free radical scavenger and/or induce “phase II”

metabolic enzymes, those primarily involved with conjugation and detoxification reactions,

as opposed to the cytochrome P450, containing-mixed function oxidases that perform the

“phase I” oxidation reactions with a resulting decrease in the production of ultimate

carcinogenic species [52–55]. BHA also alters the activity of a variety of enzymes involved

in xenobiotics metabolism [52, 56, 57].

Histopathologic changes in mammary tissue were examined by a pathologist and oxidative

stress markers, such as 8-isoPGF2α and the activities of antioxidant enzymes, were

measured in mammary and liver tissues from E2 and E2 + BHA-treated rats, as well as in

their respective controls. BHA treatment significantly reduced tumor incidence (Table 1)

and increased tumor latency (Figure 1). In a previous study, decrease in the incidence of E2-

induced kidney carcinogenesis in Syrian hamster on BHA administration has been

demonstrated [58]. One of the explanations of increased tumor latency and decreased tumor

incidence in the BHA-treated group may be a result of decreased oxidant stress in this

group. Oxidant stress is considered to be essential for the production of DNA damage and

mutations [59, 60]. Therefore, there may be a less chance of accumulation of genetic

mutation and thus tumor induction in the E2 + BHA group as compared to E2-treated rats.

No apparent histopathologic changes were detected in liver, kidney, uterus, lung, and brain

tissue in any of the treatment group (data not shown). BHA administration had no apparent

effect on cellular proliferation of the mammary gland as histopathologic analyses showed no

difference in cellular morphology between control and the BHA-treated group or between

E2 and E2 + BHA-treated groups (Figure 2). These results suggest that BHA did not

interfere with ER-dependent pathway in estrogen carcinogenesis. However, our

experimental data indicate that BHA reduces E2-associated elevations in oxidative stress in

breast tissue of ACI rats. Mammary tissue from rats cotreated with E2 and BHA for 120 and

240 days displayed significantly lower levels of 8-isoPGF2α, a marker of lipid peroxidation,

relative to rats treated with E2 only (Figure 4). The E2-treated group showed an increase in

antioxidant enzyme activities, which may be as a result of oxidative stress in this group that

was decreased in the BHA-treated group. Increased SOD activity and no change in CAT

activity in the E2-treated group may lead to more hydrogen peroxide accumulation and thus

results in increased oxidant stress but BHA treatment decreases E2-induced increase in SOD

and downregulate the CAT activity with no change in the GPx activity (Table 2). Overall,
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our results demonstrate that animals treated with E2 + BHA have less oxidative stress

compared to E2 alone treated group and BHA inhibits the E2-induced breast carcinogenicity.

The present studies strongly support the role of oxidative stress in estrogen-mediated breast

carcinogenesis.
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FIGURE 1.
BHA exposure increases the latency of E2-induced breast tumors. Female ACI rats were

treated with cholesterol, E2, cholesterol + BHA or E2 + BHA as described in the Methods

section. Kaplan–Meier survival curves for tumor occurrence were plotted for each treatment

group, and the log rank test was used to detect differences in tumor latency curves between

groups. Animals in the control groups (cholesterol or cholesterol + BHA) did not develop

any tumors and are represented by the same line on the graph (control).
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FIGURE 2.
Comparison of histopathology of mammary tissue from control rats to E2 or E2 + BHA-

treated rats after 240 days of exposure (100×). Female ACI rats were treated with E2 or E2 +

BHA for 240 days. Animals in the E2 or E2 + BHA groups were implanted with E2 pellets

(s.c., 3 mg E2 + 17 mg cholesterol) for 240 days. Cholesterol and cholesterol + BHA

controls were implanted with pellets containing 17 mg cholesterol only. BHA-treated rats

were fed on BHA (0.7% w/w)mixed with diet. Histopathologic analyses were performed on

mammary tissue of all rats treated with E2, BHA, and E2 + BHA. (a) The mammary gland of

a representative control ACI rat shows normal lobular architecture (L) with branched ducts

(D) and normal distribution of fat tissue/adipocytes (A); (b) E2-treated mammary gland

shows increased proliferation with dilated ducts containing inspissated secretions (D) and

increased proliferation and expansion of terminal lobular units (HLU) accompanied by

compression of and expansion into the surrounding fat tissue/adipocytes (A); (c) the

mammary gland of BHA only treated rats shows normal lobular architecture (L) with

branched ducts (D) and normal distribution of fat tissue (A); (d) mammary from E2 + BHA-

exposed rat is not significantly different from E2-exposed mammary tissue and displays

increased proliferation with dilated ducts containing inspissated secretions (D) and increased
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proliferation and expansion of terminal lobular units (HLU) accompanied by compression of

and expansion into the surrounding fat tissue (A).
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FIGURE 3.
Comparison of mammary tumors observed after 240 days of E2 or E2 + BHA treatment.

Female ACI rats were treated with E2 or E2 + BHA for 240 days as described in the

Methods section. (a) Mammary tissue from a rat treated with E2 shows ductal carcinoma in

situ (DCIS) containing inspissated secretions in ducts (100×); Inset: Invasive

adenocarcinoma was observed in mammary tissue of E2-treated rats (100×); (b) mammary

tissue from an animal treated with E2 + BHA shows DCIS (100×). Hyperplastic lobules

(HLU) and compressed surrounding fat tissue are also present.
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FIGURE 4.
BHA inhibits E2-induced 8-isoPGF2α formation. Female ACI rats were treated with

cholesterol, E2, cholesterol + BHA, or E2 + BHA as described in Methods section. 8-

isoPGF2α levels were measured in mammary tissue from animals in each of these groups. 8-

isoPGF2α levels were assessed in mammary tumor as well. Fold changes were calculated for

E2-treated animals relative to age-matched cholesterol-treated controls. Fold changes were

calculated for E2 + BHA-treated animals relative to age-matched BHA-treated controls. Fold

change data for tumor tissue were determined by comparing 8-isoPGF2α levels in tumor

tissue to levels detected in nontumor mammary tissue from age-matched control rats. These

data are reported as an average of values obtained for at least eight different animals ±

SEM. *indicates a p value < 0.05 relative to each group’s respective controls. †indicates a p

value < 0.05 when comparing E2 and E2 + BHA groups.
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TABLE 1

Effect of E2 and BHA on Mammary Tumor Development

Treatment Group n
Tumor

Incidence (%)
Tumor

Multiplicity
Appearance of

First Tumor (day)

Control 10 0 NA NA

Estradiol (E2) 11 82 3.1± 0.7 128

BHA 17 0 NA NA

BHA + E2 17 24* 1.0* 169

Column 1 lists different treatments each group of animals received. The number of animals per group (n) is listed in column 2. Percent tumor
incidence after 240 days treatment period is listed in column 3, and the average number of tumors per tumor-bearing animal (tumor multiplicity) is
listed in column 4. Column 5 contains the day on which the first tumor appeared in each group (appearance of first tumor).

*
Indicates significant difference (p < 0.05) between the E2 and E2 + BHA treated group.
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