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Abstract

Background & Aims: Letrozole, as an aromatase inhibitor drug, is administrated to induce ovulation in individuals with anovulation
disorder and, at the same time, it is used to enhance pregnancy success. The current study was designed to investigate the effect of
Letrozole on follicular growth/atresia, as well as uterine histology. For this purpose, 15 mature female NMRI mice were assigned into
3 groups (NO=S5 in each group): Control, Control sham, which received double distilled water, orally and experimental group received
0.5 mg/kg letrozole, orally.

Materials & Methods: Following 14 days, the animals were euthanized and, the follicular number and percentage of atresia at different
stages of growth and the morphometric changes of uterine tissue were analyzed and compared between groups.

Results: The animals in experimental group represented no significant changes in primary, secondary, tertiary follicles, but exhibited
a remarkable (p<0.05) reduction in graafian follicles number per two ovaries versus control and control-sham animals. Moreover, the
letrozole -received mice exhibited diminished percentages of graafian follicles compared to control and control-sham animals. Finally,
the endometrial thickness, as well as endometrial glands distribution per one mm? of tissue were decreased in experimental group when
compared to control and control-sham animals. Conclusion: Letrozole significantly reduces the graafian follicles atresia and via this
mechanism up-regulates the ovulation ratio. However, it is able to prolong uterine development during a menstrual cycle.
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Introduction anovulation in pregnancy aged women (1). Likwise,

Lastly, the fertilization potential of female types I and II diabetes, chemo and radiotherapies are
individuals is diminished due to genetic disorders and/or known as other factors resulting in infertility (2, 3).
environmental pollutions/agents. Generally, all these Considering this fact, the ovulation induction by using
factors are able to result in temporal and/or complete various drugs and chemicals is used extensively in the
infertility. For instance, polycystic ovarian syndrome field of assisted reproduction. In line with this issue, the
(PCOS), as an endocrine disorder, potentially results in clomiphene citrate is a first choice drug to induce
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ovulation, and it is used widely in the field of assisted
reproduction. Approximately 70% of patients represent
ovulation, when received 50 and 100 mg/kg of
clomiphene citrate. Meanwhile, in some cases, even 150
mg/kg of this drug is not able to induce ovulation. Thus,
patients with negative response are known as “resistance
patients” and alternative medications are used for these
individuals (4). On the other hand, previous researches
have reported the clomiphene citrate-related disorders
both at embryo development and even in fertilization
status of animal models (5). Therefore, the interests to
the administration of alternative drugs with more
efficiency and a lower side effect is growing day by day.

Letrozole is known as one of these agents (6, 7). It
has been shown that letrozole, potentially, results in
more oocyte delivery (better ovulation) and at the same
time, exerts long protective profiles to preserve fertility
in patients (8-10). Indeed, letrozole is an aromatase
inhibitor, which reversibly attaches to the active site of
the aromatase enzyme and prevents its activity.
Letrozole, by suppressing the hypothalamus-pituitary-
ovary axis, inhibits the local secretion of estrogen in the
ovaries (11), but it does not affect the circulatory
estrogen level (12). Recently, letrozole is also used to
induce ovulation in patients with chronic unknown
anovulatory disorders, with or without ovarian failure
(13, 14). Among all identified effects of letrozole, the
effect of this drug on follicular growth and its effects on
the histological structure of the uterus is remained
unknown.

Therefore, the current study is designed to evaluate
the effects of letrozole on ovarian follicles (at different
stages of development) growth and or atresia, as well as
morphometric alteration of uterine histology, by using
an animal model. For this purpose, total ovarian
follicular reserve and atresia at different stages of
growth were analyzed. Moreover, histomorphometry
changes in uterine, including endometrium,
myometrium, and perimetrium, as well as endometrial

glands were investigated and compared between groups.

Method and materials
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Experimental design and grouping:

In this study 15 female adult NMRI mice, 8-12
weeks and weighting between 28-30 g were used. All
animals were kept in an environmentally controlled
room (12h dark/12h light and 25+2 °C temperature) and
received standard food and water ad libitum. The
animals were assigned into three groups (No=5 in each

group),
experimental groups. A vehicle 0.5 mL of saline (0.85%

including  control, control-sham and
w/v) was administrated to control-sham animals and the
animals in the experimental group received 0.5 mg/kg
letrozole for 14 days. All stages of the experiments were
monitored by the Ethics Committee of the Islamic Azad
University of Science Research Branch and were
conducted in accordance with the rules of animal rights
in the experimental research (NIH Publications No.
8023, revised 1978).

Tissue process and staining:

Following test termination, the animals were
euthanized and the ovarian and uterine tissues were
dissected out, fixed in 10% formalin fixative solution,
routinely passaged and finally, paraffin embedded.
Then, 5 mm serial sections were prepared using digital
microtome (Historange-2218, Sweden) and stained
H&E for analyzing histomorphometry changes using a
light microscope (Olympus CH-13, Japan) at two 400X
and 1000X magnifications.

Histological examination of ovarian tissue and
follicular count:

To demonstrate the effect of letrozole on follicle
population and atresia at different stages of
development, the follicles were categorized into 4
groups of primary, secondary, tertiary and graafian.
Then, the follicles were counted in both ovaries and
compared between groups. The follicles with a complete
layer of flattened granulosa and theca cells, oocytes with
cytoplasm and a normal nucleus were considered as
intact follicles. Atretic follicles were classified by
defining granulosa cells dissociation, oocyte with
heterogeneous cytoplasmic, early antrum formation,
granulosa cells Latinization (especially in pre-antral
follicles).

Uterine analyses:
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In order to investigate the effect of letrozole on
uterine tissue, the morphometric alterations, including
uterine tube diameter, endometrium, myometrium and
perimetrium  thicknesses  were evaluated by
morphometric lens (Olympus, Japan). Moreover, the
number (in one mm? of endometrium) and thickness of
uterine glands were measured and compared between
groups.

Statistical analyses:

The photomicrographs were taken by using SONY
camera (Sony, Cyber-Shot, Japan). All results are
presented as mean =+ SD. Differences between
quantitative data were analyzed with one-way ANOVA,
followed by Bonferroni post-hoc test, using SPSS
software (Version: 19.0, California). A P< 0.05 was
considered as statistically significant. Photoshop
software (CS10, USA) were used in order to processing

and marking the photos.

Results

Alterations of atretic follicles and populations:

Histological analyses revealed that a total number of
primary, secondary and tertiary follicles was not
changed significantly in the experimental group
compared to control and control-sham animals (Fig. 1).
However, the total number of graafian follicles were
remarkably decreased in the experimental group versus
the control and control-sham animals (P<0.05). Animals
in the experimental group exhibited a significantly
lower percentage of atretic primary follicles versus
control and control-sham animals. No significant
changes were revealed in the percentage of atretic
secondary follicles between all groups. the percentage
of atretic tertiary and graafian follicles was significantly
decreased in the experimental group. Figure 2 shows
different development stages of atretic and normal

follicles in ovaries (Fig. 2)
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Fig. 1: General alterations of total follicles count and percentage of atretic follicles in ovaries of different groups. All

data are presented in mean £ SD.
a vs. b; Significant at P<0.05.
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Fig 2. Cross sections from ovaries. A: control, B: control-sham and C: Experimental (letrozole-received). D-1

representing normal primary follicle, D-2 atretic primary follicle, E-1: normal secondary follicle, E-2: atretic secondary

follicle, F-1: normal tertiary follicle, F-2: atretic tertiary follicle and G central zone of experimental group that

representing congestion (white arrows) and edema (Black arrows) and section B performing infiltration of immune cells.

Normal follicles and atretic follicles marking with stars and arrowhead, respectively, H&E staining.

Alteration of histological structure of uterine:

Morphometric analyses showed that perimetrium
and endometrium thickness of uterine tissue was
significantly decreased in experimental group versus the
control and control-sham animals (P<0.05). Moreover,
the histomorphometry changes in myometrium
thickness and lumen diameter were not statistically
control, control-sham and

significant  between
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experimental groups (Fig. 3). In addition, observations
revealed that endometrial glands diameter was increased
in experimental group. Meanwhile, the animals in
experimental group represented a remarkable reduction
in glands distribution per one mm? of tissue versus

control and control-sham animals (Table 1).
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Fig. 3: cross sections of uterine. A: Control, B: Control sham and C: experimental groups. *: Endometrium, **:

Myometrium and ***: Perimetrium. endometrial glands are presented with arrows (400X).

Table 1. Morphometric alterations of histological structure in different groups

Control Control Sham Experimental
Uterus lumen (um) 148+11/27 160+51/66 175/5+£15/1
Endometrium (pm) 345+25/78 314+31/66 248+20/21
Myometrium (um) 130£18/26 124+10/87 143£17/26
Perimetrium (um) 128+12/09 129+7/52 91£10/69
Uterus Gland Diameter (um) 45+3/73 42+2/66 61£9/2
Total count of Glands 27/6+2/38 25/2+2/09 20/4+2/23

All data are presented in mean + SD. a vs. b; Significant at P<0.05.

Discussion

Due to the widespread administration of letrozole to
induce ovulation in anovulatory problems, medication
side effects or its possible impact on the reproductive
potential of individuals, particularly the growth of
ovarian follicles, has attracted the interest of many
researchers. Based on this fact, in the current study, the
histological changes of the ovaries and the growth
and/or atresia of the ovarian follicles in letrozole-

received mice were compared with intact control
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animals (without intervention) to determine the effects
of the letrozole on ovarian follicular reserve. Minding
the physiological correlation between ovarian and
uterine tissues, the morphological changes of the uterine
tissue were examined and compared with the control
group. Observations showed that the number of the
primary and secondary follicles in the experimental
group (letrozole-received) was increased versus the
control and control-sham animals. However, this

increment was not significant in the statistical analysis.
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About tertiary and graafian follicles, no significant
change was revealed in the number of tertiary follicles
between all groups. However, the animals in the
experimental group (letrozole-received) exhibited a
significant reduction in the number of graafian follicles
compared to control and control-sham animals. About
histomorphometry changes of the uterine wall, the
diameter of endometrium and perimetrium was

decreased in the experimental group (letrozole-
received) compared to the control and control-sham
animals. Moreover, the endometrial glands diameter and
number per one mm’ of tissue were significantly
diminished in the experimental group. To understand the
mechanism by which letrozole affects follicular growth
and/or even ovulation, one should note sex hormones
and the network between pituitary and ovary, as well. In
line with this issue, Allaway et al., recently showed that
administration of letrozole up-regulates the serum FSH
and LH levels (15). Minding the critical role of FSH on
pre-antral follicles development (16), it is logical to
suggest that letrozole, by stimulating hypophysis,
initiates and stimulates primary and secondary follicles
growth and development.

Observations revealed that letrozole enhanced the
number of primary and secondary follicles compared to
the control and control-sham animals. But, as an
interesting point, this increment was not statistically
significant. To better understand this issue, it should be
noted that increased FSH secretion will be effective only
when the follicular population of the ovary is
determined in a predisposition and the majority of the
follicular population is presented in pre-antral stage
(15). It means that, due to a short menstrual cycle in
animals models (5-6 days), they represent the follicular
(17).

Therefore, based on the time considered in the current

development process faster than humans
trial (2 complete menstrual cycle), the follicular growth
may have expedited under letrozole impact, and through
this mechanism, the majority of the follicles in initial
phases could pass into developmental stages (antral
and/or graafian) at the first cycle. Therefore, lower
population (especially primary and secondary) of pre-

antral follicles were detected at second menstrual cycle.
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However, it should be considered that the number of
primary and secondary follicles insole, does not indicate
ovarian function and the changes at the antral follicle
level should be evaluated, as well. In this regard, our
findings showed that the number of the tertiary follicles
in the experimental group (letrozole-received) did not
change compared to the control and control-sham
animals, but the number of graafian follicles was
decreased. In addition, to evaluate the ovarian function,
the percentage of atretic follicles was estimated and
compared between groups. Observations showed that
the percentage of tertiary and graafian follicles was
significantly decreased in the experimental group
(letrozole-received) compared to the control and
control-sham animals. Considering that the number of
tertiary follicles in the experimental group was not
significantly different from that of the control and
control-sham animals, and even the number of graafian
follicles in the experimental group was lower versus the
control and control-sham animals, it can easily be
concluded that, despite the lower number of antral
follicles, letrozole was able to reduce follicular atresia
and even increase follicular survival.

Along with this study, previous studies have shown
that letrozole stimulates the pre-antral and antral
follicles growth and increases ovulation, as well (15, 18,
19). Therefore, it can be concluded that letrozole is
initially able to up-regulate the growth wave of ovarian
follicles in a single menstrual cycle by stimulating the
growth of pre-antral follicles and reducing the antral
follicles (especially graafian ones) atresia, and via this
mechanism, it is able to enhance ovulation. But it will
not be amiss if it is pointed out that administration of
letrozole reduces serum estrogen (albeit, in a menstrual
cycle) (15, 20). Considering that Graafian follicles and
to a lesser extent other follicles are involved in ovarian
estrogen synthesis, it can be noted that since the number
of graafian follicles decreases following the
administration of letrozole, serum estrogen levels will
consequently decrease.

In continue, due to the physiological relationship
between ovarian and uterine tissues, the morphological

changes of uterine layers, as well as uterine glands, were
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evaluated. To better understand the effect of letrozole on
the histological structure of the uterus, it should be noted
that the growth of the functional endometrial uterus is
broadly estrogen-dependent. Thus, estrogen proliferates
endometrial cells, develops endometrium and
proliferates endometrial glands, which all of mentioned
issues consequently develop with progesterone
involvement (21).

Since letrozole is an aromatase inhibitor (22), and
the synthesis of estrogen is largely depends on the
aromatization pathway (23), thus any reduction in serum
or even tropical Estrogen levels, naturally will be able to
affect the histological structure of the uterus.
Considering the above mentioned issues (firstly,
reducing the number of adult follicles as estrogen
sources, and the inhibitory effect of letrozole on the
activity of aromatic enzymes), in the present study,
endometrial thickness was evaluated in different groups.
Observations showed that the thickness of the uterine
endometrium and consequently the uterine cavity
diameter were decreased and increased in the
experimental group (letrozole recipient), respectively.
Likewise, in the experimental (letrozole-received)
group, the number of uterine glands was reduced
compared to the control and control-sham animals.
Therefore, it can be concluded that letrozole is able to
alter the histological structure of the uterus in spite of its
positive effect on follicular growth. This alone provides
grounds for expressing that after treatment with
letrozole, supplementary therapies should be considered

in order to improve the uterine structure.

Conclusion

According to the results, letrozole stimulates the
growth of the primary and secondary follicles and, in
addition, reduces the percentage of atresia of tertiary and
graafian follicles. Moreover, the effect of letrozole on
the histologeript ical structure of the uterus was
investigated, as well. Observations revealed that
letrozole may delay the growth and development of the
stimulation of follicular growth.

uterus despite

Therefore, letrozole is an ovulation-stimulating agent.
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However, supportive therapies for subsequent growth

and development of uterine tissue is necessary.
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