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Stereological study of the effects of letrozole and
estradiol valerate treatment on the ovary of rats
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Objective: Letrozole and estradiol valerate are used to treat some hormonally-responsive symptoms and also in modeling of the polycystic
ovary syndrome. However, the stereological analysis of the ovary has received less attention. Estimation of the whole ovary volume using the
Cavalieri method can be applied in any orientation desired, but estimation of the mean volume of the oocytes requires isotropic uniform ran-
dom sectioning. Here, a combined method was developed for estimating the parameters. To our knowledge, no comparison has been made of
the effects of letrozole and estradiol on the ovary.

Methods: Sixty rats were divided into 4 groups receiving estradiol (4 mg/kg), olive oil, letrozole (1 mg/kg), or normal saline. After 21 days, their
ovaries were studied.

Results: Relative to the control group, the total volume of the ovary and the cortex increased in the letrozole-treated and estradiol-treated rats.
In addition, the number of the preantral, antral, and granulosa cells decreased by 43% to 56% in the letrozole- and estradiol-treated rats. On av-
erage, a 19% increase was observed in the atretic oocytes of the letrozole-treated and estradiol-treated rats, but the mean oocyte volume de-
creased by 29% to 44% in letrozole- and estradiol-treated rats. Furthermore, the letrozole-treated rats showed a 5-fold and 7-fold increase in
the volume of the cysts and corpus luteum, respectively. A 3-fold increase was found in the volume of both the cysts and corpus luteum in the

estradiol group.

Conclusion: The structural changes of the ovary were most pronounced in the letrozole-treated animals.

Keywords: Histology; Oocyte, Ovary; Rats

Introduction

Letrozole is an oral non-steroidal aromatase inhibitor that is used
for treatment of hormonally-responsive breast cancer after surgery.
Estrogen can be produced by conversion of androgens through the
activity of the aromatase enzyme. Binding of estrogens to an estro-
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gen receptor causes cells to divide. It has been shown that letrozole
prevents aromatase activity from producing estrogens by competi-
tive, reversible binding to its cytochrome P450 unit. Letrozole pro-
duces almost complete inhibition of aromatase in the peripheral tis-
sues and is associated with suppression of estrogen [1,2].

Estradiol valerate is a synthetic ester, specifically the 17-pentanoyl
ester, of the natural estrogen, 17B-estradiol. Estradiol valerate is cleav-
ed by esterases in the blood plasma and the liver into 17f3-estradiol
and valeric acid [3-7]. Many studies have used estradiol valerate to
induce a polycystic ovarian condition in rats [3-7].

Furthermore, it is used for treatment of menopausal symptoms,
such as hot flashes, night sweats, and vaginal symptoms. It is also
prescribed for hormone deficiency in younger women whose ovaries
do not produce enough estrogen. However, compared to estradiol
itself, estradiol valerate is absorbed more slowly and in a longer time
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period. The drug has been approved as a four-phasic oral contracep-
tive and is also indicated for treatment of heavy menstrual bleeding
in women without other conditions, such as endometrial polyps or
uterine fibroids.

Both drugs are used in modeling the polycystic ovary syndrome
(PCOS) in animals including rats [8,9]. Polycystic ovary syndrome af-
fects 5% to 10% of women in their reproductive years. It is character-
ized by hyperandrogenism, oligo-/anovulation, and multiple cysts
[8,9]. Polycystic ovary syndrome has emerged as one of the most
common endocrine disorders in women, and seems to be interrelat-
ed with the increased prevalence of the metabolic syndrome and its
associated cardiovascular and inflammatory risk factors [8,9].

Although many qualitative studies have been conducted on the
morphological changes of the ovary after treatment with letrozole
and estradiol valerate [2,3,8,9], the quantitative stereological analysis
of the ovary has received less attention. Thus, the present study aims
to present unbiased stereological methods for quantifying the ovary
and answers to these questions: How much does the volume of the
ovary, cortex, and medulla change after treatment with letrozole and
estradiol valerate? How many oocytes (preantral, antral, and atretic)
and granulosa cells are lost after treatment with letrozole and estra-
diol valerate? How much does the total volume of the ovarian cyst
and corpus luteum change after treatment with letrozole and estra-
diol valerate? How much does the mean volume of the oocytes (pre-
antral, antral, and atretic) and granulosa cells change after the treat-
ment with the drugs? This study provides us with quantitative data to
compare the structural changes with letrozole and estradiol valerate.

Methods

1. Animals and tissue preparation

In this study, 60 female rats weighing 200+ 10 g were randomly di-
vided into 4 groups (n=15): 1) estradiol valerate (4 mg/kg dissolved
in 0.4 mL olive oil, single dose intraperitoneal injection) [3,8,9], 2) ol-
ive oil (0.4 mL olive oil, single dose intraperitoneal injection), 3) letro-
zole (1 mg/kg dissolved in normal saline, daily by mouth for 21 days),
and 4) normal saline (daily by mouth for 21 days) [2,8,9]. The animals
were kept under standard conditions and the experiment was li-
censed under agreement No. 90-5924 by the Ethics Committee of
Shiraz University of Medical Sciences. At the end of the experiment,
the rats were anesthetized and their right ovaries were removed and
weighed. The ovaries were fixed in 4% neutral buffered formalin. Af-
ter tissue processing, the samples were blocked in cylindrical paraffin
blocks.

2, Stereological study
The ovary was sectioned into isotropic uniform random (IUR) sec-
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tions [10-14] to estimate the volume of the ovary using the isotropic
Cavalieri method. IUR sectioning is necessary for estimation of the
oocyte volume using a nucleator. Briefly, the ovary was blocked in
cylindrical paraffin blocks. A block was randomly placed on the ¢-clock,
and each half of it was divided into 9 equal parts. Then, a random
number from 1 to 9 was chosen. Afterwards, the block was placed on
the 6-clock, and each half of it was divided into 9 unequal sine-wei-
ghted parts along its cut surface on the 0-0 axis. Then, a random num-
ber was selected, and the cut was made along the selected number
(Figure 1). Consecutive 5- and 20-pm-thick sections were prepared
using a microtome and stained with hematoxylin and eosin.

3.Volume of ovary

The Cavalieri method was applied to estimate the total volume of
the ovary (Figure 2) at the final magnification of 29x [11,13].

In doing so, 8-12 systematic random sections were sampled and
the volume was estimated using the following formula [11,13]: V
(ovary)=X" pxa(p)xT.

Where} ! p isthe total number of points superimposed on the im-
ages, T is the distance between the sampled sections, and a(p) is the
area associated with each point (here 0.3 mm?).

4.Volume of cortex, medulla, ovarian cysts, and corpus luteum
The point counting method was applied to estimate the volume
density of the structures using the following formula (Figure 2): W
(structure) =3P (structure)/3P (total).
Where 3P (structure) and 3P (total) are the total points hitting the
targeted structure and the total points hitting the ovary sections, re-
spectively. On the average, 150 points were counted in each animal.

5. Estimation of the number of oocytes and granulosa cells
Each oocyte subpopulation was classified using the following crite-
ria for recognition during the counting. Preantral oocytes were char-
acterized by the prominent nucleus and surrounded by one or more
layers of follicular cells without space (antrum) between the follicular
cells. In the antral oocytes, each oocyte was surrounded by follicular
cells with an antrum between the follicular cells. Finally, the atretic
oocytes contained a pycnotic nucleus and had an irregular shape [13].
The number of preantral, antral, and atretic oocytes and granulosa
cells was estimated using a Nikon E200 microscope (Nikon, Tokyo, Ja-
pan) which was fitted with a 60 oil immersion objective. The mi-
croscopic fields were selected through systematic uniform random
sampling by moving the microscope stage at the same distance each
time to estimate the number of granulosa cells [10-14]. Then, the
ovary sections were analyzed field by field in order to estimate the
numerical density of the oocytes. An optical disector design was
used to sample the tissue in conjunction with an unbiased sampling
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Figure 1. The orientator method for producing the isotropic uniform random (IUR) sections. (A) The cylindrical paraffin-embedded ovary was
placed on the ® clock. After choosing a random number between 1 and 9, the paraffin was cut at that direction (here, it was 5). (B) Then, the
paraffin cylinder was located in the 0-0 direction of the 8 clock from the cut edge and underwent the second cut at a random number (here, it
was 3). Both of the cuts were done in the ovary-free parts of the cylindrical paraffin.
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Figure 2. The histological micrograph of the rat’s ovary stained with hematoxylin and eosin stain. (A) The Cavalieri method: about 8-12 sections
of the total serial sections of the tissue were sampled (here 8) using a systematic random approach. A grid of points was laid out over the sam-
pled ovary sections, and the total number of points hitting the ovary sections was counted. The area per point (a/p) is the area associated with
each point and was calculated by the following formula: (a/p) = (X x Y)/M?, where X and Y were the distances between the two nearby points of
the grid and M was the final magnification of the image. Scale bar=1,000 pm. (B) Point counting method to estimate the volume density of
the cortex, medulla, cystic formation, and corpus luteum. The arrow indicates the right upper quadrant of each cross that was considered to be
a point. Scale bar=250 ym.

frame. In addition, a microcator (MT12, Heidenhain, Traunreut, Ger- culated using the following formula: Nv (cells) =[3Q7/(a/fx 3P x h)]
many) mounted on the microscope was used to measure the move- x1/BA.
ment of the stage along the z-axis [10-14]. Then, the number was cal- where Q" was the counted profile of the oocyte nucleolus or gran-
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Figure 3. The optical disector and nucleator methods. The numerical density of the cells was estimated using an unbiased counting frame,
which was superimposed on the images. Just the cell whose nucleolus (oocyte) or nucleus (granulosa cell) did not appear in the beginning of
the dissector height (A) but at the following optical scan (B) was counted. The cell whose nucleus was completely or partly inside the counting
frame but only touched the upper and right lines was counted. The intercept length (In) was measured for estimating the mean oocyte volume.

Hematoxylin and eosin stain. Scale bar=15 um.

ulosa cells, a/f was the area per counting frame (here, it was 4,900
and 320 um? for the oocytes and for granulosa cells, respectively), P
was the total counted frames per animal for oocytes and granulosa
cells, h was the height of the disector measured using the microcator,
t was the mean thickness of the sampled sections (here was 16 um),
and BA was the block advance or the setting of the cutting machine
(here 20 um) (Figure 3).

6. Number-weighted mean oocyte volume

The volume was estimated using the nucleator method [12,13].
Briefly, the intercept length (In) from the nucleolus to the border of
the cytoplasm of the oocyte was measured on the sampled cells us-
ing the unbiased counting frame, and the volume was estimated us-
ing the following formula (Figure 3): Vy=4n/3x [3 .

7. Statistical methods

The results were analyzed by one-way analysis of variance and
Tukey's test. The means were considered significantly different if
p<0.05.

Results

1. Weight of ovary

On the average, a 45% increase was observed in the ovary weight
in the letrozole-treated rats compared to the distilled water group. In
addition, an 11% increase was found in the ovary weight in the estra-
diol group in comparison to the olive oil group. Furthermore, the
weight gain of the ovary in the letrozole group was 38% more than

Table 1. Mean = SD of the weight of the body (g) and ovary (mg) and
volume (mm?®) of the ovary, cortex, and medulla of the ovary in the le-
trozole-, normal saline-, estradiol valerate-, and olive oil-treated rats

Weight Volume
Groups -
Animal  Ovary Ovary Cortex  Medulla
Letrozole 225496 473+14*° 159406 144+0.6 14403
Normalsaline  212+9.6 327+45 11.7+04 106+04 1.1£0.
Estradiol valerate 220+10 29.0+3.9* 12.5+1a 1M1+1° 14+02
Olive oil 208+7.8 325+06 102+09 88+09 13+0.2

2p <0.01 letrozole vs. normal saline, estradiol valerate vs. olive oil, letrozole
vs. estradiol valerate; ®p < 0.01, letrozole vs. estradiol valerate.

that of the estradiol-treated rats (Table 1).

2.Volume of the ovary

In comparison to the distilled water group, the volume of the ovary
had increased by 36% in the letrozole-treated rats. The volume of the
ovary in the estradiol group was 18% larger than in the olive oil
group. The ovary’s volume in the letrozole group was 38% more than
that of the estradiol-treated rats. Moreover, the volume of the cortex
of the ovary had increased by 26% in the letrozole-treated rats com-
pared to the distilled water group. However, a 20% increase was
found in the volume of the cortex of the ovary in the estradiol group
in comparison to the olive oil group. Overall, the volume of the cortex
in the letrozole group was 23% more than that of the estradiol group
(Table 1).

3. Number of the oocytes and granulosa cells
The mean number of the preantral and antral oocytes and granulo-
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sa cells had decreased by 43%, 44%, and 52%, respectively, in the le-
trozole-treated rats compared to the normal saline group. In addi-
tion, a 19% increase was observed in the atretic oocytes in the letro-
zole-treated rats. The number of preantral, antral, and granulosa cells
had decreased by 45%, 56%, and 44%, respectively, in the estradiol
group in comparison to the olive oil group. Besides, a 19% increase
was found in atretic oocytes in the estradiol group compared to the
olive oil group (Table 2).

Table 2. Mean + SD of the number of the preantral, antral, and atretic
oocytes and granulosa cells in the ovary of letrozole-, normal saline-,
estradiol valerate-, olive oil-treated groups

Groups Preantral ~ Antral Atretic Granulosa cell
Letrozole 1,681+£144* 428+32* 2,557+187* 478148+34,773°
Normal saline 2939+86 784+70 2,141+209 1,008,155+80,691
Estradiol valerate 1,555+77° 388+19° 2,855+245" 547,774+28,448
Olive oil 2,796+167 888+95 2,095+455 980,740+78,360

2p <0.001 letrozole vs. normal saline group, estradiol valerate vs. olive oil
group.

CERM B

4. Mean volume of the oocytes

The mean volume of the preantral, antral, and atretic oocytes had
decreased by 29%, 36%, and 44%, respectively, in the letrozole treat-
ed rats in comparison to the normal saline group.

Moreover, the mean volume of the preantral, antral, and atretic oo-
cytes had decreased, respectively, by 34%, 30%, and 36% in the es-
tradiol group compared to the olive oil group (Table 3).

5.Total volume of the ovarian cyst and corpus luteum

A 5-fold increase was found in the volume of the cyst in the letro-
zole-treated rats in comparison to the normal saline group. On the
other hand, the volume of the corpus luteum of the normal saline
group was 7-fold more than that of the letrozole-treated rats.

Furthermore, a 3-fold increase was observed in the volume of the
cyst in the estradiol group in comparison to the olive oil group.
Nonetheless, the volume of the corpus luteum of the olive oil group
was 3-fold more than that of the estradiol-treated rats (Table 3).

Reconstructed histological sections of the ovary in the control, le-
trozole-, and estradiol valerate-treated rats are presented in Figure 4.
The structural changes, including an increase in the volume of the

Table 3. Mean + SD of the mean volume (um?®) of the different oocytes, total volume (mm?) of the cyst and corpus luteum in the ovary of letro-

zole-, normal saline-, estradiol valerate-, and olive oil-treated groups

Mean volume Total volume
Groups
Preantral Antral Atretic Cyst Corpus luteum
Letrozole 29,000+ 12,700 108,000+ 37,700° 15,200+ 7,600° 3.6+0.34° 0.5+0.12
Normal saline 41,000+ 3,900 169,000+ 11,200 27,000+4,300 0.76+0.10 3.6+0.27
Estradiol valerate 27,500+ 16,700 110,000 +28,000° 15,300+ 6,800° 22+0.18% 1.0+0.19%°
Olive oil 41,800+3,050 158,000+ 10,300 24,000+8,000 0.81+0.14 32+0.14

3p<0.001, letrozole vs. normal saline group, estradiol valerate vs. olive oil group; °p < 0.01, letrozole vs. estradiol valerate.

CJ

800 pm

Figure 4. Reconstructed histological sections of the ovary stained with hematoxylin and eosin in the control group (A) and the rats treated with
letrozole (B) and estradiol valerate (C). The structural changes included an increase in the volume of the ovary, cortex, and cysts, which was de-
tected in the ovaries treated with letrozole and estradiol valerate. The asterisks indicate the cysts. Scale bar =800 pm.
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ovary, cortex, and cysts, were detected in the ovaries treated with le-
trozole and estradiol valerate. Moreover, a higher number of larger
size cysts were observable in the letrozole-treated animals.

Discussion

This study analyzed the ovarian structure in rats treated with lerto-
zole and estradiol valerate. An increased volume of the ovary, cortex,
and medulla was seen in the present study, which is in agreement
with other investigations on letrozole treatment [2]. Kafali et al. [2] re-
ported that ovarian morphologic changes in letrozole-induced rats
included the development of cysts with hyperplasia of internal theca
cells and a thickened ovarian capsule. They reported that the number
of corpora lutea decreased, indicating oligo-/anovulation. However,
they claimed that unlike in human PCOS, the ovarian weight of the
letrozole-induced rats remained unchanged. On the other hand,
Manneras et al. [15] showed an increase in the weight of the ovary in
the letrozole-treated rats, which is in line with our study findings. Al-
though other researchers indicated that letrazole caused the reduc-
tion of corpus luteum, changes in the granulosa cells, and an increase
in the number of atretic follicles [8,9], they did not quantify these pa-
rameters using stereological methods. However, the results are in
agreement with those of the current study. The other drug investigat-
ed in this study was estradiol valerate. It has also been used by others
to induce PCOS in animal models [8,9]. Brawer et al. [3] reported that
the size of the ovary of the estradiol valerate-induced rats was re-
duced compared to controls. The PCOS ovary is characterized by large
cystic follicles with reduced granulosa cell layers and hyperthecosis.
They showed that the ovaries from estradiol valerate-induced rats
also developed a high incidence of atretic/degenerative secondary
follicles and the ovaries were void of postovulatory corpora lutea [3].

The drugs used in the present study have been used for modeling
the PCOS in animals [2-9]. The results showed that more cystic forma-
tion could be observed in the letrozole-treated rats, and this can be
beneficial for the researchers to select a suitable drug for PCOS in-
duction.

A review of the articles published on the issue shows that unbiased
quantitative comparison between the drugs has received less atten-
tion. The present study made use of stereological techniques to study
the ovary as a major part of the female reproductive system. It should
be explained that the Cavalieri method used for estimating the ovary
volume was integrated with isotropic sectioning. The cavalieri meth-
od does not require a special orientation; however, isotropic uniform
random sectioning is necessary for estimating some stereological pa-
rameters, including oocyte volume. Other parameters, such as length
and surface area (for example length of the vessels or surface area of
the oocytes), can also be estimated using this combined method.
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To the best of our knowledge, no attention has been paid to the es-
timation of the number of granulosa cells in normal or treated ani-
mals. Also, only a limited number of stereological studies have been
conducted on granulosa cells [16]. Dhar et al. [16] used two methods
to estimate the mean nuclear volume of these cells: the mean num-
ber-weighted nuclear volume was estimated by the selector, while
the mean volume-weighted nuclear volume was estimated using
the point-sampled intercept method. Moreover, some researchers
measured the thickness of the granulosa cell layer. Baravalle et al. [17]
reported that the thickness of the granulosa cells was significantly
smaller in the letrozole-induced cysts compared to other follicles.

The present study revealed the total number of granulosa cells. The
estimated number of the granulosa cells should be considered for
future studies because of their physiological functions. The main
roles of the granulosa cells include production of sex steroids as well
as various growth factors thought to act together with the oocyte
during its development. The sex steroid production consists of folli-
cle-stimulating hormone stimulating the granulosa cells to change
androgens to estradiol [18]. However, after ovulation, the granulosa
cells turn into granulosa lutein cells that generate progesterone.

As has been demonstrated by the pioneer stereologists, the densi-
ty should be multiplied by the reference volume (here, that of the
ovary) to avoid the reference trap [11,12]. The reference trap means
that relying on the densities alone might lead to the wrong conclu-
sions. Therefore, most of the densities can be estimated using this
method, and the total density can be obtained by multiplying the
densities by the ovary volume.

Letrozole and estradiol valerate induced structural changes in rats
ovaries and these changes were more pronounced in the letrozole-
treated animals. The main structural changes included an increase in
the volume of the ovary, cortex, cysts, and corpus luteum, but a de-
crease in the number and mean volume of the preantral as well as
antral oocytes and granulosa cells.
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