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Abstract
Background: Intrauterine endocrine abnormalities have profound effects on the
development of physiological disorders.
Objective: This study aimed to assess the effects of in utero exposure to letrozole
(an aromatase inhibitor) and its late consequences on the reproductive and metabolic
performance of an adult male offspring.
Materials and Methods: 15 pregnant Sprague-Dawley rats (8 wk, 155 gr) were randomly
assigned into 5 experimental groups (n = 3/each) and orally received either letrozole at
doses of 0.25, 0.75, 1.00, and 1.25 mg/kg body weight (BW) or vehicle (control) on the
gestation days of 16, 17, and 18. Pregnancy outcome, sexual behaviors on postnatal day
60, serum biochemical features, and the histopathology of testes were assessed in male
offspring.
Results: Compared to control group, delayed labor (21.83 vs. 24.25, p < 0.0001) and
reduced litter size (n = 12.25 vs. n = 2, p < 0.0001) were recorded in 1.25 mg/kg BW group.
A reduction in high-density lipoprotein level and the elevation of testes weight, BW gain,
anogenital distance, as well as the serum concentrations of testosterone, triglycerides,
cholesterol, and glucose were observed in 1.25 mg/kg BW (p < 0.0001) and 1.00 mg/kg BW
(p< 0.0001) groups in comparison to control. A larger number of anogenital female sniffing,
pursuit, andmounting behaviorswere also observed in 1.25mg/kg BWgroup in comparison
to control (p < 0.0001). Severe testicular defects including necrosis and disruption of the
epithelium of seminiferous tubules, sloughing of epithelial cells, and spermatogenesis
arrest were observed in letrozole-treated groups, in a dose-dependent manner.
Conclusion: Maternal exposure to letrozole can adversely affect the reproductive and
metabolic performance of male offspring rats, suggesting an incomplete sex differentiation.
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1. Introduction

Letrozole, a nonsteroidal aromatase inhibitor,
has an antiestrogenic systemic effect due to
the inhibition of estradiol production. It is a
cheap drug with insignificant side effects and
is used for ovulation induction in women with
polycystic ovary syndrome (PCOS) and those
undergoing in vitro fertilization/embryo transfer
cycles (1). However, the efficacy and safety of
letrozole are not clear (2). Pregnancy with ovulation
induction drugs can create congenital anomalies
in offspring that affect their health and function in
adulthood. Letrozole treatment in infertile women
created chromosomal anomalies in offspring (3).
Although maternal hyperandrogenism in female
animal models affected reproductive physiology
and metabolic condition, data on male fetal
programing by androgen excess was limited (4).
In utero letrozole administration via the inhibiting
aromatase activity can affect both the brain
and reproductive organs (5), resulting in an
impairedmale sex differentiation during adulthood.
Administration of letrozole on the gestational days
(GDs) 21 and 22 in pregnant rat increased the
testosterone levels in adulthood (75 days), and
impaired sexual behaviors, especially ejaculation.
In addition, prenatal letrozole treatment seemed
to reduce libido among male rats, indicating the
important role of aromatization in the development
of normal sexual behavior in males (6). In another
study, the prolonged use of letrozole delayed the
seminiferous tubules’ development (7).

Brain sexual differentiation depends on the level
of testosterone or its metabolites atmasculinization
programming window (MPW), a critical period
during fetal life (8). In rats, detectable levels
of testicular testosterone occur on GD 15.5,
with peak levels occurring on the GD 18.5 (9).

Testicular testosterone surge on the GDs 16-18
is necessary for male rats’ brain masculinization
and defeminization (9, 10). Aromatization of fetal
testosterone to estradiol is essential for the
defeminization of the brain (11). Therefore, any
defects in this mechanism during embryonic
development may lead to impaired sexual
differentiation, accompanied by the disruption
of reproductive processes and normal male
sexual behaviors in adults. (12). For instance,
reduced anogenital distance (AGD) and testes
size and development of reproductive disorders
have been reported as a result of androgen
abnormalities during the MPW (13). On the other
hand, maternal hyperandrogenism is associated
with rapid postnatal body weight (BW) gain, as
observed in previous preclinical studies (14). Also,
many chronic metabolic diseases in adulthood
have been found to have an intrauterine or
developmental origin (15).

To date, a comprehensive study has not been
performed on the effects of maternal androgen
on characteristics of metabolic syndrome and
reproductive parameters in male rats. Therefore,
the present study aimed to determine the
effects of in utero exposure to letrozole and
its consequences on testis histopathology, sexual
behaviors, serum lipid parameters, and glucose
concentration in male adult offspring.

2. Materials and Methods

2.1. Animals

In this experimental study, a total of 20 female
Sprague-Dawley rats (130-180 gr, 8 wk) were
obtained from the Center of Comparative and
Experimental Medicine, Shiraz University of
Medical Sciences, Shiraz, Iran. Female rats were

Page 72 https://doi.org/10.18502/ijrm.v21i1.12669



International Journal of Reproductive BioMedicine Reproductive reprogramming in male rats

maintained under standard conditions (12 hr
light/dark cycle, temperature of 23 ± 3°C, and
relative humidity of 25 ± 5%) with free access
to rodent food and water. After adaptation to
the new environment, 18 female rats in the
proestrous or estrous phase were joined with
sexually experienced adult male rats (mean
weight: 375 gr) with a 2:1 female/male ratio
overnight. In the morning after mating, a vaginal
plug or spermatozoa in the vaginal smear was
considered as the first day of pregnancy (GD1). 15
pregnant rats were randomly selected for letrozole
administration during pregnancy.

2.2. Experimental groups and treatments

Pregnant rats were housed in standard plastic
cages individually. They were randomly divided
into 4 experimental groups (n = 3/each) to orally
receive letrozole at 4 doses (0.25, 0.75, 1.00, and
1.25 mg/kg BW) and a control group. Considering
the reports on the embryotoxic effects of letrozole
on pregnant rats and rabbits (16), a pilot study
was performed to identify the doses above the
physiological levels that were not lethal to the
mother or the offspring. Accordingly, letrozole
administration between 1.5 and 3.0 mg/kg BW
caused fetal mortality, adsorption or death in early
life, and uterine infection.

Letrozole (L6545, Sigma-Aldrich, St. Louis,
USA) was dissolved in 1% carboxymethylcellulose
(C5013, Sigma-Aldrich, St. Louis, USA) and was
orally administered on days 16-18 of gestation
(13). Testicular testosterone surge on 16-18 GDs is
necessary for the brain masculinization and normal
development of male rats (9, 10). The control rats
were administratedwith 1% carboxymethylcellulose
on same days. The offspring’s number, birth weight,
and sex were recorded. The offspring remained
with their mothers until weaning. At postnatal

day (PND) 21, they were weaned, sexed, and
weighed, and their AGD was measured. The
anogenital distance index (AGDI) was calculated
as AGD/BW×100 (17). Male offspring (n = 4 per
group) were kept in separate standard cages and
were weighed weekly until the end of the study.

2.3. Sexual behavior tests

Normal sexual behaviors, including mounting,
erection, and intromission, were assessed on PND
60 after fertility evaluation. Sexually inexperienced
male rats (8male rats from the letrozole group (n = 4
per group) and 4 male rats from the control group)
were investigated for natural copulatory behavior.
The presence of the vaginal plug was regarded
as an indicator of male rats’ sexual experience
(18). Sexual behavior tests were performed on
male rats from 1.25 and 1.00 mg/kg BW letrozole
and control groups. Male rats were individually
housed in a cube-shaped glass cage (60×60
cm), and a non-receptive female was introduced
after 10 min. In a dark room illuminated with red
light, the investigatory (anogenital sniffing, sniffing,
and pursuit) and sexual (mounting, intromission,
and ejaculation) activities were recorded during a
30-min observation period (19).

2.4. Tissue collection and blood
sampling

Following the evaluation of sexual behaviors,
male rats were euthanized (chloroform; Merck,
KGaA, index No. 602-006-00-4, SigmaAldrich,
USA), and blood samples were collected via
cardiac puncture (blood volume: up to 5 ml) in
a serum sep clot activator (item No. 476071,
VACUETTE® TUBE 5 ml, PREMIUM, Greiner
Bio-One, Austria) without anticoagulants. Serum
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specimens were prepared after centrifugation at
3000 rpm for 15 min and were stored at -20°C
until analysis for hormones and metabolites. Then,
testes and epididymides were removed, weighed,
and fixed in 10% buffer formalin for histological
evaluation.

2.5. Hormone andmetabolite analyses

The serum testosterone concentration was
measured by a competitive chemiluminescent
enzyme immunoassay technique (IMMULITE
2000 System Analyzer, Catalog Number L2KTW2,
Germany). In addition, the serum concentrations
of glucose (Pars Azmun Kit Cat No. 98007, Iran),
triglycerides (Biorexfars TRIGLYCERIDE, Product
Code: BXC0271, Iran), low-density lipoprotein
(LDL) (Biorexfars LDL DIRECT, Product Code:
BXC0431, Iran), high-density lipoprotein (HDL)
(Biorexfars HDL DIRECT, Product Code: BXC0421,
Iran), and cholesterol (Biorexfars CHOLESTEROL,
Product Code: BXC0261, Iran) were determined
by colorimetric enzymatic procedures using
ready-made reagents where the chemical
compound quinoneimine was released during
several chemical reactions. Quinoneimine can be
measured photometrically and is directly related
to the number of compounds under investigation.

2.6. Histological evaluation of testes

Initially, a transverse section, which included
the epididymis, was made through mid-testis.
Then, 5-µm serial sections were dehydrated using
graded concentrations of ethanol and xylene,
embedded in paraffin, deparaffinized, and washed
again with ethanol and xylene. The sections were
then stained by a hematoxylin-eosin mixture.
3 sections were evaluated per animal under

a light microscope (Motic Microscope, China)
at 40×, 100×, 200×, and 400× magnification
for objective analysis. Qualitative histological
assessments were also performed to detect
pathological conditions. The sections were then
photographed by a digital camera (Nikon, NI_U
2013, Japan).

2.7. Ethical considerations

Animal care and treatment were
performed according to the guidelines
of the local Ethics Committee of Shiraz
University of Medical Sciences, Shiraz, Iran
(Code: IR.SUMS.REC.1397.434).

2.8. Statistical analysis

The SPSS 22 software for Windows (IBM SPSS
Statistics for Windows, version 22, IBM Inc.,
Chicago, Illinois) was used to analyze the data. At
first, the normality of the data was evaluated by
Shapiro-Wilk and Kolmogorov-Smirnov normality
tests. Mean separation was performed using
Tukey’s test following ANOVA (p < 0.05). Graphs
were produced by GraphPad Prism, version 8.4.2
for Windows (GraphPad Inc., San Diego, CA, USA).
The data have been presented asMean± Standard
Error of Mean (SEM).

3. Results

3.1. Pregnancy outcome

Compared to control group, the administration of
letrozole at doses of 1.00mg/kg BWand 1.25mg/kg
BW on GDs 16-18 increased the gestation length
(p < 0.0001). Letrozole at a dose of 1.25 mg/kg
BW led to a very small litter size in comparison
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to control group (p < 0.0001). However, letrozole
treatment did not affect male/female ratio (p = 0.18)
(Table I).

3.2. Male offspring’s BW, weaning
weight, and testicular weight

The birth weight of male offspring was higher
in the 1.25 mg/kg BW prenatal letrozole-treated
group compared to the other groups (p = 0.04). The
weaning weight at PND 21 was also significantly
higher in the 1.25 and 1.00 mg/kg BW groups
than the other experimental groups (0.75 and 0.25
mg/kg BW) (p < 0.0001). Moreover, the testicular
weight was higher in 1.25, 1.00, and 0.75 mg/kg
BW groups than 0.25 mg and control groups
(p < 0.0001) (Table II).

3.3. AGD, AGDI, and BW gain

AGD was significantly longer in the 1.25 and 1.00
mg/kg BW groups than in the other groups
(p = 0.003). No significant differences were
observed among the study groups regarding
AGDI (p = 0.65) (Table II).

The effects of time, treatment, and the
interaction of time and treatment on BW gain
were significant during the 7 wk of measurement
(p < 0.0001). In the 6th and 7th wk, letrozole
at doses of 1.25, 1.00, and 0.75 mg/kg BW
significantly increased the BW gain compared
to the control group and 0.25 mg/kg BW group
(p = 0.002) (Figure 1).

3.4. Sexual behavior

The frequency of female anogenital sniffing,
pursuit and mounting behaviors was higher in
the 1.25 mg/kg BW letrozole group than in the
1.00 mg/kg BW and control groups (p < 0.0001)
(Figure 2).

3.5. Serum testosterone, glucose, and
lipid parameters

The results indicated a dose-dependent
increase in the serum concentration of
testosterone, glucose, triglyceride and cholesterol.
A remarkable increase was observed in the
serum concentration of testosterone (p < 0.0001),
glucose (p = 0.009), and triglyceride (p < 0.0001)
in the 1.25 and 1.00 mg/kg BW letrozole groups
compared to the other groups. Besides, male rats
from the 1.25 mg/kg BW (p < 0.0001) and 1.00
mg/kg BW (p = 0.001) groups showed increased
levels of cholesterol and decreased levels of
HDL compared to the other groups. However,
no significant difference was observed among
the study groups regarding LDL levels (p = 0.7)
(Table III).

3.6. Histopathological findings

In the control group, interstitial cells,
spermatogonium, basement membrane, and
Sertoli cells had normal structures (Figure 3).
Moreover, normal morphology of spermatogenesis
with all generations of germ cells in the
seminiferous epithelium was observed in the
control group. Generally, the histopathological
alterations of the testes in letrozole-treated
groups were observed in a dose-dependent
manner, being more severe in the 1.25 mg/kg BW
group. Necrosis and disruption of the epithelium
of seminiferous tubules were observed in all
letrozole-treated groups; however, these changes
were mild at a dose of 0.25 mg/kg BW, moderate
at a dose of 0.75 mg/kg BW, and severe at doses
of 1.00 and 1.25 mg/kg BW. Severe, moderate, and
mild spermatogenesis arrest were also diagnosed
in letrozole-treated groups at doses of 1.25, 1.00,
and 0.75 mg/kg BW, respectively. Sloughing of
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epithelial cells due to necrosis of seminiferous
tubules were observed in letrozole-treated groups
at a dose of 1.25, 1.00, and 0.75 mg/kg BW in a

dose-dependent manner. The normal structure
of epididymis with high-sperm concentration was
seen in all groups (Table IV).

Table I. Gestation length, litter size, and sex ratio in letrozole-treated pregnant rats

Letrozole-treated (mg/kg BW)Parameters Control

0.25 0.75 1.00 1.25

Gestation length (days) 21.0 ± 0.0a 21.0 ± 0.0a 22.0 ± 0.0ab 22.50 ± 0.29b 24.25 ± 0.14c

Litter size (number) 10.0 ± 0.0ab 9.50 ± 0.29b 10.0 ± 0.0ab 10.50 ± 0.29a 2.0 ± 0.0c

Male/female ratio 1.25 ± 0.14a 1.10 ± 0.07a 1.25 ± 0.14a 0.90 ± 0.04a 1.0 ± 0.0a

Data presented as Mean± SD. Tukey’s test following ANOVA. a, b, c: Themeans presented by similar letters are not significantly
different (p > 0.05)

Table II. Birth weight, weaning weight, testes weight, anogenital distance and anogenital distance index in male offspring of the
letrozole-treated pregnant rats

Letrozole-treated (mg/kg BW)Parameters Control

0.25 0.75 1.00 1.25

Birth weight (g) 6.6 ± 0.3a 6.6 ± 0.3a 5.9 ± 0.03a 6.9 ± 0.05a 8.1 ± 0.1b

Weaning weight (g) 38.3 ± 0.6a 32.0 ± 0.5b 31.3 ± 0.8b 38.3 ± 1.2a 38.4 ± 0.2a

Testes weight (g) 1. 5 ± 0.02a 1.6 ± 0.08a 2.1 ± 0.008b 2.5 ± 0.07c 2.7 ± 0.005c

AGD (mm) 11.33 ± 0.3ab 9.8 ± 0.1bc 10.53 ± 0.2ab 12.23 ± 0.2a 11.8 ± 0.02a

AGDI (mm/mg) 38.3 ± 0.6a 30.7 ± 0.7ab 33.6 ± 0.2b 31.9 ± 0.7ab 30.9 ± 0.2ab

Data presented as Mean± SE. Tukey’s test following ANOVA. a, b, c: The means presented by similar letters are not significantly
different by Tukey’s test following ANOVA (p > 0.05). AGD: Anogenital distance, AGDI: Anogenital distance index

Table III. Serum levels of testosterone, glucose, triglycerides, cholesterol, HDL-cholesterol, and LDL-cholesterol in male offspring
of the letrozole-treated pregnant rats

Letrozole-treated (mg/kg BW)Parameters Control

0.25 0.75 1.00 1.25

Testosterone (ng/ml) 1.4 ± 0.1a 0.6 ± 0.08b 1.09 ± 0.06ab 7.5 ± 0.04c 10.22 ± 0.2d

Glucose (mg/dl) 119.3 ± 0.8a 128.0 ± 1.7b 125.7 ± 0.8ab 131.7 ± 0.8b 308.3 ± 0.6c

Triglyceride (mg/dl) 81.33 ± 0.6a 93.67 ± 2.1b 92.8 ± 2.0b 102.0 ± 4.04c 141.7 ± 0.6d

Cholesterol (mg/dl) 42.67 ± 0.3a 58.0 ± 2.6b 66.67 ± 0.8c 74.0 ± 2.3c 86.67 ± 0.8d

HDL (mg/dl) 25.67 ± 0.8a 25.0 ± 0.5a 24.67 ± 0.6a 19.0 ± 0.5b 13.67 ± 0.6c

LDL (mg/dl) 4.6 ± 0.3a 5.3 ± 0.8a 5.3 ± 0.3a 4.6 ± 0.8a 4.6 ± 0.6a

Data presented as Mean ± SE. Tukey’s test following ANOVA. a, b, c, d: The means presented by similar letters are not
significantly different (p > 0.05). HDL: High-density lipoprotein, LDL: Low-density lipoprotein
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Table IV. Histopathological findings in male offspring of the letrozole-treated pregnant rats

Letrozole-treated (mg/kg BW)Parameters Control

0.25 0.75 1.00 1.25

Interstitial cells (Leydig cells) N* N N N N

Tubular basement membrane N N N N N

Sertoli cells N N N N N

Necrosis and disruption of the
epithelium of seminiferous
tubules

N + ++ +++ +++

Spermatogenesis arrest N + ++ +++ +++

Sloughing of epithelial cells
due to necrosis of
seminiferous tubules

- - + ++ +++

Structure of epididymis N N N N N

N: Normal, +: Mild, ++: Moderate, +++: Severe

 

Figure 1. Body weight gain from birth to 7 wk of age in male offspring of the letrozole-treated pregnant rats (Mean ± SEM).
Significant differences have been shown with stars. At each week, each group with a significant difference from the control group
(p < 0.05) has been identified with its star.

 

Figure 2. The number of anogenital sniffing, pursuit, and mounting behaviors in male offspring of the letrozole-treated pregnant
rats (Mean ± SEM). The lines show significant differences between the groups at p < 0.05.
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Figure 3.Histopathological findings in male offspring of the letrozole-treated pregnant rats. Control group: A) Normal structures of
the interstitial cell (1), spermatogonium (2), basement membrane (3), and Sertoli cell (4) (H & E, ×400), B) Normal spermatogenesis
(H & E, ×400), C) Normal structure of epididymis (H & E, ×400). Letrozole-treated group at a dose of 0.25 mg/kg BW: D) Necrotic
spermatocytes with eosinophilic cytoplasm and karyolysis (arrow head) (H & E, ×400), E) Normal structure of epididymis (H & E,
×400). Letrozole-treated group at a dose of 0.75 mg/kg BW: F) Necrosis of the epithelium, spermatogenesis arrest, and karyolysis
of the spermatocytes (arrow) (H & E, ×200), G) Normal structure of epididymis (H & E, ×400). Letrozole-treated group at a dose of
1.00 mg/kg BW: H) Severe necrosis and disruption of the epithelium of seminiferous tubules and severe spermatogenesis arrest
(1), and moderate sloughing of epithelial cells due to necrosis of seminiferous tubules (2) (H & E, ×200), I) Normal structure of
epididymis (H & E, ×400). Letrozole-treated group at a dose of 1.25 mg/kg BW: J) Severe necrosis and disruption of the epithelium
of seminiferous tubules and severe spermatogenesis arrest (1) (H & E, ×100), K) Severe sloughing of epithelial cells due to necrosis
of seminiferous tubules (1) (H & E, ×100), L) Normal structure of epididymis (H & E, ×400).

4. Discussion

The present study findings indicated increased
female anogenital sniffing, pursuit, and mounting
behaviors in letrozole-treated groups. Exogenous
testosterone treatment during the perinatal period
adversely affected normal sexual behaviors (5).
Prenatal letrozole administration at 56 µg/BW on

GDs 10-22 led to homosexual partner preference in
male rats (18). Furthermore, prenatal co-treatment
of stress and letrozole during GDs 10-22 reduced
the percentage of intromission and ejaculation in
rats (20). In another study, daily treatment with
2.5 mg letrozole in adult rats for 2 wk alone or
in combination with 1.00 g/kg testosterone every
2 wk reduced both investigatory and copulative
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behaviors. It resulted in a greater tendency toward
exhibiting lordosis and female smelling (21). Male
sexual behaviors include investigatory behaviors
such as female anogenital sniffing. Pursuit is
a social behavior before copulation that can
occur toward a non-receptive female. Because no
significant association exists among investigatory
behaviors, the female pursuit may be a good
marker for male mating readiness (17). Reduction in
both investigatory and copulatory sexual behaviors
was also reported in the rats treated with letrozole
and testosterone plus letrozole (22). Overall, these
findings suggest that maternal hyperandrogenism
can interfere with the normal sexual behavior of
male rats.

In the current study, a significant increase
was detected in the serum level of testosterone
in the offspring of the female rats prenatally
receiving 1.25 and 1.00 mg/kg BW letrozole.
Males and females exposed to androgen excess
during intrauterine life showed an increment in
circulating testosterone levels during adulthood (6,
23, 24). Letrozole-treated adult mice showed
elevated levels of serum testosterone (25).
Furthermore, letrozole treatment at 2.5 mg daily for
4 months resulted in a noticeable increase in the
testosterone level and the testosterone/estrogen
ratio amongst males with idiopathic infertility
(26). Increased testosterone levels seem to be an
inevitable effect of androgenic treatments, which is
not affected by the timing of androgenic treatment.
Moreover, AGD as an indicator of androgen action
during the prenatal period is greatly affected
by changes in the androgen level or action,
especially during intrauterine masculinization (17).
The findings of the present study revealed an
increase in the AGD of letrozole-treated groups
compared to the control group, which represented
the direct effects of letrozole.

In the current study, severe testicular injuries
were observed in 1.25 and 1.00 mg/kg BW

groups. The undesirable changes in testicular
morphology were necrotic seminiferous tubules,
disruption of the epithelium of seminiferous
tubules, and sloughing of epithelial cells due to
necrosis of seminiferous tubules. The reproductive
system is extremely sensitive to exogenous
manipulations, particularly abnormalities in sex
steroids during the MPW (4). Increased androgen
exposure during fetal sex differentiation affected
seminiferous tubule structure, and germ cell count
in rams (27), rats (4), and Galea spixii (7). Previous
findings demonstrated that chronically letrozole-
treated adult male rats showed several defects,
such as sloughed germ cells, late pachytene
spermatocyte, spermatid in the lumen, empty
area due to sloughed germ cells, invagination of
lamina propria in some seminiferous tubules,
and vacuolization of intraepithelial cells in
seminiferous tubules (4, 27, 28). Although the
exact mechanism of these testicular pathologies
was not reported, the existence of the empty
area resulted in intraepithelial vacuolization
and denuded epithelium. Moreover, estrogen
deficiency induced by letrozole might disrupt the
adhesions between the germ and Sertoli cells,
resulting in the loss of premature germ cells and
the necrotic structure of seminiferous tubules
and finally spermatogenesis arrest (4, 27, 28).
Impaired spermatogenesis in adulthood was found
in anastrozole-treated male rats (22). Similarly,
knockout mice for cyp19 gene (ArKO), although
initially fertile, developed spermatogenesis arrest
at 1 yr old (29). The obvious morphological feature
of the spermatogenesis arrest in the early stages
is an increase in apoptosis, a reduction in the
round and elongated spermatids, without any
changes in the Sertoli cells and earlier germ
cells (29). Spermatogenesis arrest, as a post-
pubertal change in testes, demonstrated the
crucial role of estrogen/androgen balance in
maintaining normal testicular morphology and
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spermatogenesis (30). Our findings also showed
the spermatogenesis arrest as characterized
by necrosis and disruption of the epithelium
of seminiferous tubules in prenatally letrozole-
treated male rats that highlighting the critical role
of estrogen in normal male reproduction.

In the current research, male offspring of
the female rats treated with 1.25 mg/kg BW
letrozole were heavier at birth. Furthermore, higher
testicular weight and increased BW gain were
recorded in male offspring of the 1.25 and 1.00
mg/kg BW groups. The weight gain from birth to
early childhood can be associated with androgen
excess during intrauterine life (14). Previous studies
showed that chronic exposure to aromatase
inhibitors led to defects in testicular weight, serum
testosterone levels, and testicular structure in rats
(22, 31). Moreover, long-term administration of
aromatase inhibitors in the postnatal period can
increase weight gain, which could be true for
prescribing letrozole before birth, as seen in the
present research.

Transient prenatal androgen administration
on GDs 16-19 led to increased BW, serum
triglycerides and cholesterol levels in adult
female rats, which are observed in our study
(32). In the present research, increased serum
cholesterol and triglycerides and decreased
HDL levels were observed due to 1.25 and 1.00
mg/kg BW letrozole administration. Furthermore,
in the current study, increased androgen levels
due to aromatase inhibition by letrozole created
testosterone-like effects on increased serum
glucose levels. Prenatal exposure to testosterone
caused elevated serum glucose levels in contrast
to prenatal dihydrotestosterone (non-aromatizable
androgen) treatment in male rats. Aromatization
and conversion of testosterone to estradiol may
alleviate this negative effect of glucose elevation
(33). The alteration in glucose homeostasis directly
results from prenatal androgen. The adverse

effects of androgen excess during the critical
period of intrauterine life on metabolic traits were
partially evident.

The present study findings showed that
exposing pregnant rats to letrozole delayed
the delivery and decreased the litter size at dose
1.25 mg/kg BW. Generally, 2 hypotheses have
been proposed to explain the effect of letrozole on
the gestation length and litter size: 1) direct action
of androgens and 2) letrozole-induced estrogen
reduction. Estrogen levels were found to increase
in rats during GDs 14-21 (34) and labor (35).
Consistently, late delivery was found to occur due
to the subcutaneous administration of testosterone
propionate at doses greater than 1.00 mg/kg BW
on GDs 14-19 (36) and due to prenatal letrozole
treatment on GDs 15-21. Letrozole treatment at
0.02 mg/kg on GDs 15-21 also reduced the litter
size in rats (37). Therefore, lower estrogen levels
induced by letrozole can be detrimental to fetal
viability and pregnancy outcomes, including
the gestation length, as proven in the previous
studies.

5. Conclusion

In summary, letrozole treatment of the female
rats during pregnancy exerted undesirable
peripheral and reproductive effects on their
male offspring. In this male rat model of
hyperandrogenism, 1.25 and 1.00 mg/kg BW
doses of letrozole administrated on GDs 16-18
exerted strong androgenic effects on male fetuses,
including complete necrosis of seminiferous
tubules, disrupted normal sexual behaviors,
and increased serum testosterone, cholesterol,
triglycerides, and glucose levels. The results
suggested the noticeable potential of letrozole
to cause fundamental changes in the prenatal
hyperandrogenic rat model.
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