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Abstract

Aging in female rats is characterized by a state called “constant estrous” in which rats are unable
to ovulate, have polycystic ovaries and moderately elevated estrogen levels. We hypothesized that
chronic exposure of young animals to low levels of E2 can produce reproductive changes similar
to that seen in aging animals. Adult female rats were sham-implanted (control) or implanted with
slow-release E2 (20 ng/day) pellets for 30, 60, or 90 days. Old constant estrous (OCE) rats were
used for comparison. Estrous cyclicity was monitored periodically. At the end of treatment,
animals were sacrificed, trunk blood was collected for hormone measurements and ovaries for
immunohistochemistry. Young animals became acyclic with increasing duration of E2 exposure
while OCE rats were in a state of acyclicity. Ovaries became increasingly more cystic with E2
exposure, and were comparable to OCE rats; however, there was a marked reduction in interstitial
tissue with exogenous E2 treatment. Exogenous E2 also decreased Mullerian inhibiting substance
expression, increased infiltration of macrophages without much impact on apoptosis in the
ovaries. Serum testosterone levels decreased in E2-treated young animals, while it increased
significantly in OCE rats. There was a marked reduction in LH but not FSH levels with E2
exposure in both young and old animals. These results indicate that even very low doses of E2 are
capable of inducing aging-like changes in young animals.
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Introduction

Women are chronically exposed to low levels of estrogen in the form of oral
contraceptives!, hormone replacement therapy? and estrogenic environmental endocrine
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disruptors3. Women of reproductive age are also exposed to endogenous estrogens for
approximately 40 years during the pre- and peri-menopausal stages of their lives®. The main
endogenous estrogen is estradiol-17p (E2). As in humans, E2 is produced mainly by the
ovaries in the female rat, and is also synthesized by the adrenal gland and fat®.

In the ovary, granulosa cells of the ovarian follicle secrete E25. There is a gradual increase
in circulating E2 levels as the follicle matures and levels peak during the afternoon of
proestrus reaching about 35-50 pg/ml’. This increase in E2 is important for triggering
GnRH secretion from the hypothalamus and LH secretion from the pituitary”8. This results
in ovulation and contributes to the progression of the estrous cycle®. On the other hand,
repeated exposures to periodic increases in E2 during the course of normal reproductive
cycles probably contribute to a reduction in hypothalamic catecholamines that causes a
decrease in LH secretion and failure of ovulation leading to reproductive senescencel®. We
have found that a similar state of reproductive senescence can be induced in young animals
that are exposed to low levels of E2 on a daily basis for 60 or 90 days!!. Ovaries from old
constant estrous (OCE) rats that are exposed to endogenous E2 during the course of their
estrous cycles appear to be cystic and very similar to ovaries from young, E2-exposed rats.
However the effects of chronic E2 exposure on other ovarian and hormonal parameters have
not been studied in detail. Therefore, in this study, we used two exposure paradigms, one
that involves treating young animals to exogenous E2 for extended periods of time and the
other that involves exposure to endogenous E2 as in old constant estrous (OCE) rats.

The dose of E2 that was used in young animals was lower than previously reported studies.
It is important to study the effects of this dose because women use low doses of estrogens as
oral contraceptives and hormonal therapy for prolonged periods of time. Oral contraceptives
such as ethinyl estradiol are capable of contaminating waste water!2. Moreover, E2, along
with oral contraceptives is recognized as one of the major estrogenic EDCs that need to be
controlled in municipal sewage plants3. Therefore it is important to understand if chronic
exposures to these estrogens can induce degenerative changes in the ovaries and if they are
similar to what is seen during normal aging.

Several hormones change during reproductive aging. Luteinizing hormone (LH) and follicle
stimulating hormone (FSH) decline, while there is a progressive increase in testosteronel?,
Moreover, increases in testosterone and LH levels are characteristic of polycystic ovarian
syndromel®, a common condition in women of reproductive agel®. In these women, the
expression of Mullerian inhibiting substance (MIS) in the ovarian follicles persists and is
believed to contribute to ovarian failurel”. It is not clear if E2 exposures could produce
hormonal changes similar to that seen in PCOS to cause ovarian failure. It could also result
in hormonal changes that lead to premature aging. On the other hand, E2 could also directly
impact the ovary by causing follicular apoptosis, inflammation and degeneration, but this
effect has not been studied before.

Therefore, in the present study, we measured testosterone, LH and FSH in the serum of OCE
and young rats chronically exposed to E2. LH and FSH are important for follicular growth
in the ovaries and ovulation®. We also measured Mullerian inhibiting substance (M1S)
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expression, apoptosis and infiltration of macrophages to determine if they played a role in
ovarian failure in this model..

Results

Estrous cyclicity

Effects of exogenous and endogenous E2 exposure on estrous cyclicity are shown in Fig. 1
A. Ninety four percent of animals in the sham-implanted control group exhibited regular
estrous cycles. In the E30 group, 81% of the animals showed regular estrous cycles. In
contrast, only 32% of the animals in E60 and 18% of the animals in E90 had regular estrous
cycles. None of the animals in the OCE group had regular estrous cycles. These findings are
comparable to that observed in our previous study!. Fig 1 B shows serum estradiol levels in
the different treatment groups. Serum estradiol levels increased gradually with increasing
duration of estrogen exposure. Levels in the E-90 group were comparable to that in OCE
rats.

Ovarian Histology

Photomicrographs of representative ovarian sections from control, E2 treated and OCE
animals are provided in Fig. 2A. Exogenous administration of E2 to young animals,
produced an exposure-dependent increase in the size of mature follicles. Cystic follicles
were particularly evident in the E90 group (panel D) and were comparable to the OCE group
(panel E). The percentage of tertiary follicles increased in an E2 exposure-dependent manner
in young animals (Fig 2B), but the percentage in the E30 and E60 groups were not
significantly different from that in the controls. The percentage of tertiary follicles (mean
+SE; %) in the E90 group (69.1+11.5) was significantly higher compared to the E30
(39.0£6.7) and E60 (44.8+8.2) groups (p<0.05) and comparable to that in OCE rats
(71.847).

Chronic E2 exposure decreased ovulation rate in a duration-dependent manner. There was a
marked decrease in the number of fresh CL (mean=SE) in the E30 group (0.2+0.2) and was
completely absent in the other E2-treated groups and the OCE group, compared to the
controls (1.3+0.4) (p<0.0001). Furthermore, the number of old CLs was also significantly
reduced in the E90 group (1.7£1.5) and were completely absent in the OCE group compared
to the control (6.5+0.9) rats (p<0.0001), suggesting that there was ovulation failure for a
prolonged period of time in the E90 and OCE groups (Fig. 2C).

Degenerative changes in the ovaries

Histological evidence of follicular degeneration and necrosis was present in the ovaries of
E2-treated animals (Fig.3, panels A-D). The degree of degeneration/necrosis increased in
severity with the duration of E2 exposure. Panel A has a representative section containing a
Graafian follicle demonstrating nuclear pyknosis of granulosa cells (GC). GC dispersion
with loss of polarity, multifocal to focally transmural accumulations of neutrophils in the
GC layers are apparent in panels B and C. Panel D shows oocyte degeneration with loss of
cell architecture, antral fluid basophilia with globular formations and accumulation of
cellular debris. Mineralization, hydropic degeneration of GCs, and infiltration of foamy
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macrophages are apparent in panel C. Aggregates of foamy macrophages were also present
in the interstitium (Panel B). Moreover, there was a marked loss of interstitial tissue in the
E-90 group compared to the other E2 treated groups and the OCE group that was visibly
apparent.

TUNEL staining

The percentage of follicles expressing TUNEL in all the ovaries from control and E2-treated
animals was remarkably low. There was also no significant difference in TUNEL staining of
follicles in control and OCE ovaries (data not shown).

MIS expression

MIS expression was present in the developing follicles of control ovaries but not in large
tertiary follicles (Fig. 4A, panel A). There was no MIS expression in E-90 and OCE ovaries
as well (Panels B and C). Percentage of follicles expressing MIS (meanzSE; %) declined in
the E-30 group (63.5+6) compared to control (80.3+7) and was completely absent in the E60
and E-90 groups (Fig 4B).

CD68 Expression

CD68 is specifically expressed by monocytes and macrophages. Fig 5A has representative
sections from a control, E90 and OCE ovary that were immunohistochemically labelled with
anti-CD68 antibody. The percentage of follicles that contained CD68 positive cells (%;
Mean£SE) was highest in the E90 (39.85+9.04) and OCE (52.27+6.73) groups and they
were significantly different from the control groups (13.89+9.04) (Fig 5B). The number of
cells per follicle that were positive for CD68 (Mean+SE) were more in the OCE group
(34.8+5.17) but not in the exogenous E2 treated groups when compared to the control group
(10.67+0.88) (Fig 5C).

Serum Testosterone, LH and FSH

Serum testosterone levels (mean+SE; pg/ml) are shown in Fig. 6A. Serum testosterone
levels decreased significantly in E90 animals (64.1+6.7) compared to control rats
(193.7+28.8; p<0.05). In contrast, serum testosterone levels increased significantly in OCE
animals (335.7+112.5) compared to the control group (p<0.05). LH levels were dramatically
reduced in all E2-treated groups and in OCE rats compared to controls (Fig 6B). However,
FSH levels were unaffected by both exogenous and endogenous E2 exposure (Fig 6C).

Discussion

The results from the present study provide evidence that chronic exposure to low levels of
E2 results in cystic ovarian morphology which is similar to that observed in aging female
rats. There was also a marked reduction in MIS expression, and an increase in CD68
expression, suggesting functional and inflammatory changes both in E2 treated and OCE
rats. There was histomorphologic evidence of degeneration and necrosis in E2-treated and
OCE rats with minimal TUNEL expression, suggesting these changes were not associated
with apoptosis. Taken together, E2-induced ovarian and hormonal changes probably resulted
in the loss of ovulation in young E2-treated rats making them acyclic, similar to OCE rats.
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This suggests that chronic exposures to low levels of E2 as described in this study are
capable of accelerating reproductive aging.

A larger number of young women are on oral contraceptives now compared to 2 decades
agol8. It is therefore important to understand how prolonged use of these estrogenic
compounds can affect ovarian function. The dose of E2 used in this study (20ng/day or
20ppt) is lower than the current no observed adverse effect level (NOAEL) for estradiol for
humans which is 5 pug/kg/day or 5 ppb19. The acceptable daily intake for E2 as
recommended by the FAO/WHO expert committee is 50ng/kg BW20161514 |n the present
study, we were able to observe marked effects on the ovary with doses of E2 lower than the
NOAEL. Moreover, these effects were comparable to the effects seen in aging animals.

Chronic E, exposure caused polycystic ovarian morphology that was dependent on the
duration of exposure. A variety of estrogenic compounds have been shown to cause cystic
ovarian morphology?1-23 possibly due to a direct effect on the ovary. Persistent organic
pollutants are known to be cytotoxic to the oocyte and cause ovulation failure, thus resulting
in cystic ovaries?4. On the other hand, this could be due to the effects of E2 on the
hypothalamo pituitary gonadal axis that regulates reproductive function. In fact, similar
exposure to E2, in terms of dose and duration, has been shown to cause a duration dependent
reduction in hypothalamic monoamines, LH and cause acyclicityl. The lack of sufficient
levels of LH results in failure of ovulation and anovulated follicles give the ovaries a cystic
appearance. A similar phenomenon is observed in aging animals and rats treated with
tamoxifen?.

Besides inducing a cystic morphology, exogenous E2 exposure caused a variety of
degenerative changes ranging from degeneration of the oocyte, mineralization of follicles,
infiltration of leukocytes and pyknosis of GCs. There was an increase in CD68 expression in
the follicles of E2 treated rats that indicates an increase in the infiltration of macrophages.
Macrophages are capable of recognizing apoptotic and necrotic cells and phagocytizing
them. The E2-induced degeneration of GCs probably triggers the infiltration of macrophages
in an attempt to remove them from the follicle262728, Moreover, macrophages are known to
secrete cytokines and other factors and contribute to restructuring and remodeling within the
ovaries2?, Similar degenerative changes were observed in OCE rats as well and this could be
attributed to the elevated endogenous E2 levels in these animals. However, there were
minimal apoptotic changes in both E2 treated and OCE rats suggesting that these
degenerative changes are inflammatory rather than apoptotic in nature.

The other functional ovarian parameter that was assessed was the follicular expression of
MIS. MIS (also known as anti-Mullerian hormone) is produced predominantly by GCs of
primary and secondary follicles. It is down-regulated in tertiary follicles as the follicle
matures and is minimally expressed in preovulatory follicles303132, The exact function and
mechanism of action of MIS in the ovary is not fully understood, but it has been suggested
to be a key regulator of folliculogenesis and dominant follicle selection303331343235 | the
present study, we provide evidence for the first time that chronic exposure to E2 for 60 and
90 days, results in the complete loss of MIS expression in the ovaries. This is important
because MIS is known to be involved in protecting primordial follicles. In fact, in MIS-
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deficient mice, primordial follicles are prematurely recruited and depleted followed by
subsequent premature cessation of the estrous cycle36. Therefore, it is possible that E2-
induced down-regulation of ovarian MIS may result in premature primordial follicle
depletion, thereby causing early reproductive senescence.

Besides producing inflammatory changes in the ovary and decreasing MIS expression,
chronic E2 exposure also affects hormonal levels. Consistent with our previous study! there
was a significant reduction in LH levels in the E2 treated groups and the OCE group. This is
most likely due to the reduction in hypothalamic monoamines that are stimulatory to the
secretion of this hormone. FSH levels were unaltered with E2 exposure and during aging.
This could be attributed to the negative feedback inhibition by elevated E2 levels in these
animals. In contrast to FSH and LH, there was a marked increase in testosterone levels in
OCE animals, consistent with previously reported studies3738. However, there was a
significant decrease in testosterone levels in E90 animals compared to controls. The exact
cause of these differences in testosterone levels is still unclear. Since testosterone is
converted to E2 by the enzyme aromatase, it is possible that aromatase activity is reduced in
older animals but augmented in E2-treated younger animals. This needs to be investigated
further.

Overall, our study demonstrates that chronic exposure to low-doses of E2 can be detrimental
to the ovaries. It induces cystic follicles, causes follicular degeneration and by down-
regulating MIS expression, probably promotes early follicular recruitment and depletion.
Chronic E2 exposure also produced marked decrease in serum testosterone, LH and FSH
levels in young animals. The only difference between E2 treated young and OCE rats was in
the levels of testosterone. Since most ovarian and hormonal changes after E2 exposure were
similar between young and OCE rats, it is safe to state that chronic exposures to low levels
of E2 accelerates reproductive aging in rats. The point to be noted is that the dose of E2 that
was used in this study corresponds to the acceptable daily intake suggested by the
FAO/WHO and is less than the NOAEL for E2. We therefore need to re-evaluate acceptable
exposure levels for E2.

Materials and Methods

Animals

Treatment

Adult, 3 months old, female Sprague-Dawley rats and retired breeders (approximately 10
months of age) were obtained from Harlan Inc. (Indianapolis, IN, USA). Housing was light-
controlled (lights on from 0700-1900h) and air-conditioned (23+2°C) and the rats were fed
rat chow and water ad libitum. Animals were used in accordance with the NIH guide for the
care and use of laboratory animals and were approved by the Institutional Animal Care and
Use Committee at Michigan State University.

Animals (n=8) were sham-implanted (controls) or implanted with slow-release E2 pellets
(20ng/day; Innovative Research America, Sarasota, FL, http://www.innovrsrch.com) for 30
(E30 group), 60 (E60 group), or 90 (E90 group) days and is described by Kasturi et alll,
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Retired breeders (n=8) were aged in our facility to 12-16 months of age and used as old
constant estrous (OCE) rats for comparison. Estrous cyclicity was monitored by vaginal
cytology periodically as described previouslyll. Since control animals from the different age
groups had no differences in estrous cycles, or hypothalamic neurotransmittersll, animals
from these groups were pooled together. At the end of the experiment, control and E30
animals that had regular estrous cycles were sacrificed by rapid decapitation on the day of
estrous at 1200 h. Animals in the E60, E90 and OCE groups were in a state of constant
estrous. Trunk blood was collected and serum and plasma were stored at —80°C. Brains from
this study was used in the study by Kasturi et al1. Ovaries from that study were collected
and placed in 10% neutral buffered formalin for routine histopathology.

Histological evaluation of ovaries

Four sections from the ovaries (4 um thick, 20 um apart) were obtained and stained with
hematoxylin and eosin. The slides were histologically examined for the effects of chronic E2
exposure using a Nikon microscope (Melville, NY). The follicles were characterized as
primordial (oocyte surrounded by a single layer of squamous granulosa cells), primary
(oocyte surrounded by a single layer of cuboidal granulosa cells), secondary (oocyte
surrounded by multiple layers of cuboidal granulosa cells with or without antral space
development), and tertiary (oocyte situated on cumulus oophorus with multiple layers of
granulosa cells and a large confluent antral space) according to Myers et al.3°.
Histopathologic alterations including inflammation, degeneration etc. were determined by
assessing the extent of infiltration of macrophages (staining with CD68), presence of
pyknosis and TUNEL staining. Morphological analysis was done using NIS Elements BR
3.00, SP7, Hotfix8 (Build 548) Copyright ©1991-2009 Laboratory Imaging Hasp ID:
5665130E.

Immunohistochemistry for MIS and CD68

Ovarian sections were stained for MIS and CD68 by immunohistochemistry as follows:
Four um sections were placed on slides coated with 2% 3-Aminopropyltriethoxysilane, dried
at 56°C overnight, deparaffinized in xylene, and hydrated through descending grades of
ethanol to distilled water. Sections of mouse ovary were used as positive controls for MIS
and sections of the spleen were used as positive controls for CD68. Slides were placed in
Tris Buffered Saline (TBS) pH 7.5 for 5 minutes. The antigen was retrieved using citrate
buffer pH 6.0 for 30 minutes at 100°C, allowed to cool at room temperature for 10 minutes,
and rinsed in several changes of distilled water. Endogenous peroxidase was blocked
utilizing 3% hydrogen peroxide/methanol bath for 30 minutes. After blocking for non
specific protein with Normal Horse Serum (Vector Labs, Burlingame, CA, https://
www.vectorlabs.com) for 30 minutes; sections were incubated with Avidin / Biotin blocking
system for 15 minutes (Avidin from Vector Labs, Burlingame, CA, https://
www.vectorlabs.com; Biotin from Sigma Chemical, St. Louis, MO, http://
www.sigmaaldrich.com/united-states.html). Slides were incubated for 60 minutes with the
polyclonal goat MIS antibody (C20) or CD68 antibody (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, http://www.scbt.com/datasheet-6886-mis-c-20-antibody.html), diluted
1:150. After rinsing, slides were incubated in Biotinylated Horse anti-Goat IgG H+L (Vector
Labs, Burlingame, CA, USA, https://www.vectorlabs.com/catalog.aspx?prodID=531) in
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NAD diluted at 11 g/ml for 30 minutes. This was followed by application of Vectastain Elite
ABC Reagent (Vector Labs, Burlingame, CA, https://www.vectorlabs.com/catalog.aspx?
prodID=395) for 30 minutes. The slides were developed using Nova Red Peroxidase
substrate kit (Vector Labs, Burlingame, CA, https://www.vectorlabs.com/catalog.aspx?
prodID=37) for 15 minutes. Finally, the slides were counterstained using Gill 2 Hematoxylin
(ThermoFisher, Pittsburgh, PA, https://www.thermofisher.com/global/en/home.asp) for 1
minute, differentiated in 1% Aqueous Glacial Acetic Acid, and rinsed. Slides were then
dehydrated through ascending grades of ethanol, cleared through several changes of xylene,
and cover slipped using Flotex permanent mounting media. The number of follicles that
stained positive for MIS and CD68 were counted using a Nikon microscope and the NIS
software. Follicles that were counted were marked in order to avoid duplicate counting. The
number of CD68 positive cells were also counted within each follicle.

TUNEL Labeling

Terminal deoxynucleotidyl transferase mediated X-dUTP nick end labeling (TUNEL)
staining was performed on a representative section of ovary from each group. TUNEL is a
diagnostic tool that labels DNA breaks in nuclei and is used to identify apoptotic cells.
Ovarian sections were exposed to proteolytic treatment that results in exposure of nuclear
DNA. Then, the DNA polymerase terminal deoxynucleotidyl transferase (TdT) is used to
incorporate biotinylated deoxyuridine at sites of DNA breaks. The signal is amplified by
avidin-peroxidase and visualized by light microscopy. Apoptotic cells in the ovaries were
detected using the TACS-XL basic in situ apoptosis detection kit (Trevigen, Inc.,
Gaithersburg, MD, http://www.trevigen.com/item.php?itemsKey=536). The percentage of
TUNEL positive follicles and the number of positive cells within each TUNEL positive
follicle were also identified and counted.

Serum Testosterone and Estradiol

Serum estradiol was measured using a Coat-a-count RIA kit (Siemens, Malvern, PA). Serum
testosterone levels were measured using a Testosterone EIA kit (Cayman Chemical, Ann
Arbor, M, as provided in the link below. The samples were assayed in duplicate according
to the manufacturer’s protocol with one exception that samples were used undiluted. The
sensitivity of the testosterone assay was 32pg/ml and that of the estradiol assay was 8pg/ml.
The intra-assay variability was less than 5%. https://www.caymanchem.com/app/template/
Product.vm/catalog/582701).

Serum LH and FSH

Serum samples were analyzed for LH and FSH levels by double antibody
radioimmunoassay by Dr. A. F. Parlow, National Hormone and Pituitary Program. Samples
were assayed in duplicate. The reference preparation used for FSH was NIDDK-rFSH-RP-2.
Anti-rrFSH AFP9305A antibody was used at a final dilution of 1:16,000. The reference
preparation used for LH was NIDDK-rLH-RP-3. NIDDK-Anti-rLH-S-10 antibody was used
at a final dilution of 1:200,000. The sensitivity of the LH assay was 0.04ng/ml and for FSH
it was 1.5 ng/ml. Samples were run in duplicate in a single assay. Intra-assay variability was
less than 5%.
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lysis

Changes in estrous cycles were analyzed using Kruskal-Wallis non-parametric test. Changes

in

all other parameters were analyzed using one-way ANOVA followed by posthoc Fisher’s

LSD test. p<0.05 was considered to be significant.
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Figure 1.
(A) Estrous cyclicity in control and E2-treated animals. Estrous cycles were determined by

daily vaginal cytology. Graph represents percentage of animals demonstrating regular
estrous cycles. (B) Serum estradiol levels in the control and treatment groups. * indicates
p<0.05 when compared to control rats. “a” indicates significant difference from both control
and E-30 groups.

Endocr Disruptors (Austin). Author manuscript; available in PMC 2016 January 15.

OCE




1duosnuel Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Gilbreath et al.

Page 13

CONTROL
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Figure 2.
(A) Representative histological sections (H&E staining) of ovaries from different groups.

Control (panel 1); E30 (panel 2), E60 (panel 3), E90 (panel 4) and OCE (panel 5). X
represents fresh CL and # represents old CL. (B) Total number of tertiary follicles in the
different treatment groups. * indicates p<0.05 when compared to the E30 and E60 groups.
(C) Total number of fresh and old CLs in the ovaries of different treatment groups. *
indicates p<0.05; ** indicates p<0.0001.
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Figure 3.
Degenerating follicular elements with E2 treatment. Tertiary follicle in a Control ovary (A).

Follicle from E90 ovary (B): Note granulosa cell (GC) nuclear pyknosis, cell dispersion with
loss of polarity, antral fluid basophilia (block arrow) and mineralization with globular
formation and accumulation of cellular debris, and follicular wall neutrophilic infiltration.
Follicle from E90 ovary (C): Note marked accumulation of foamy macrophages. The antral
fluid is degenerate and characterized by basophilia and accumulation of homogenous
eosinophilic, globular debris (protein) (block arrow). (D) E90 follicle undergoing
degeneration and a degenerate oocyte (block arrow) can be observed, along with fibrillar
antral fluid, GC nuclear pyknosis, and GC dispersion.
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Figure4.
(A) MIS immunohistochemistry in ovaries from control and E2 treated animals. Panel 1:

Section from a control ovary. There was strong MIS immunoreactivity in primary,
secondary, and small tertiary follicles. Panel 2 and 3: Sections from a E90 ovary and OCE
ovary respectively. (B) Effect of E2 treatment on the percentage of follicles expressing MIS
immunoreactivity. Total number of follicles counted ranged from 65-85 in the different
groups * indicates significant decrease from control. p<0.05.
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Figure5.
(A) Effect of E2 exposure in young and old (OCE) rats on CD68 expression. Arrows

indicate cells in the follicles staining positive for CD68. (B) Effect of E2 exposure on
follicles staining positive for CD68. The percentage of CD68 positive follicles increased
significantly in the E90 and OCE groups compared to the rest of the groups (p<0.05) Total
number of follicles counted ranged from 65-85 in the different groups. (C) Effect of E2
exposure on average number of CD38 positive cells per follicle. * indicates p<0.05.
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Figure®6.
(A) Effect of E2 exposure on serum testosterone levels. * indicates significant difference

from the rest of the groups. 1 indicates significant decrease from control and OCE groups.
p<0.05. (B) Effect of E2 exposure on serum LH levels. * indicates significant difference
from control. (C) Effect of chronic E2 exposure on serum FSH levels.

Endocr Disruptors (Austin). Author manuscript; available in PMC 2016 January 15.



Page 18

Gilbreath et al.

G0'0>d | «0'0EFOVT9 | »9'LvF9'TZ9 | Z'€SF0TIS | 0'0ZFy'6Ly | €GTFyzey | (wrl) azis ajoujjo4 Areral
50'0>d */FQTL | G TIFT'69 7'8¥8 7Y L'9%6€ 6'.FCTS sa|dl|jo} Arenal %%
SN 0TFEY'6 0TFLT'9 v IF18'9 YIFTS 8'T¥.98 Arena |

SN 7'0¥L5°0 9'0%T L'0Fr9°T 9'0%5°C 6'0%5C Arepuodas

SN TT%E v'1F19C 80FLT Y 0T¥6°C VI Arewinid
50'0>d L'0¥CT 8'0¥€'T 7'0¥8T'T x6'078°€ €0¥.90 [e1pJowd

300 06-3 09-3 0e-3 [043u0D
apl|od
‘Bis sdno J6 1uewiea s | joadA |

"SOLIBAO BLUIBS 3] WOJJ SUOIDSS ¢ J9A0 pafielane alam siaquunu 8]1j]04 '$8]01[|0) UBLIRAO UO SaINsodxa Z3 21U0JyD JO S108)13

Author Manuscript

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Endocr Disruptors (Austin). Author manuscript; available in PMC 2016 January 15.



