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ABSTRACT

Background: Puberty is a critical process for the development of sexual
organs and reproductive ability. It is triggered and regulated by the hormones.
Rosuvastatin can delay the onset of puberty through the inhibition of cholesterol
and androgen biosynthesis. On the other hand, montelukast has protective effects
against various diseases and against reproductive toxicity induced by other
medications, but its effects on puberty have not been studied. Aims: Assessment of
the protective effect of montelukast against rosuvastatin-induced delayed puberty.
Settings and Design: At the university. Materials and Methods: Eighteen
male Wistar rats aged 30 days and weighted 50-60 g were distributed to three
groups (six rats per group) and intraperitoneally administered every day for
5 days with 0.2 ml of distilled water as control, 10 mg/kg of rosuvastatin and
with rosuvastatin + montelukast (10 mg/kg for each drug). These animals’
groups were euthanised on day 50 of age to assess the effect of rosuvastatin
alone and with montelukast on the serum levels of the reproductive hormones
and histological manifestations and morphometric measurements of the testes.
Statistical Analysis Used: One-way analysis of variance and Bonferroni multiple
tests were performed to analyse the findings using the GraphPad Prism software.
Results: Treatment of rats with rosuvastatin showed a significantly decreased
level of testosterone and luteinising hormone as well as histopathological and
morphometric alterations in the testicular tissues in comparison with the control.
Interestingly, co-treatment of rosuvastatin with montelukast could not reverse or
mitigate these changes induced late puberty. Conclusion: There is no protective
effect of montelukast against rosuvastatin-induced delayed puberty.

Keyworbps: Histopathology, hormones, montelukast, morphometry, puberty,
rosuvastatin

INTRODUCTION During puberty, the steroids are increased in both sexes,
uberty is a complex physiological process but the level of testosterone is greater in boys in contrary
for the development of sexual organs and to oestradiol which has a greater level in girls.™”

reproductive ability.!'! Puberty is triggered by the
secretion of gonadotropin-releasing hormone from
hypothalamus that induces the pituitary gland to
release  gonadotropins  (luteinising hormone and
follicle-stimulating hormone) into bloodstream. These
hormones stimulate the gonads (ovaries and testes)
to produce sex steroids (oestradiol and testosterone).
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The onset of puberty may be early or late depending on
the various causes.’) Genetic factors, nutrition, general
health and endocrine-disrupting environmental chemicals
play a role in the timing of puberty. Delayed puberty
can be resulted from constitutional delay of puberty and
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growth as the most recurrent cause, in addition to gonadal
failure, and permanent and functional hypogonadotropic
hypogonadism which is caused by chronic diseases
including asthma.™ Malnutrition and weight loss are
also considered in delayed puberty. Lower body fats are
associated with decreased secretion of luteinising and
follicle-stimulating hormones leading to the inhibition
of oestrogen production. Furthermore, significant
decreased calories result in gonadotropin deficiency as
a consequence of decreasing in leptin concentration.b!
In addition, some medications can delay puberty and
impair the development of reproductive organs such as
rosuvastatin. Rosuvastatin was approved by the United
States Food and Drug Administration agency in 2009 for
children with heterozygous familial hypercholesterolemia
at the age of 10 years or older and it is one of the
statins used during childhood to treat dyslipidemias in
obese children (males and females) through decreasing
total cholesterol and triglycerides. It inhibits cholesterol
biosynthesis  enzyme  (3-hydroxy-3-methyl-glutaryl
coenzyme A reductase) and androgen biosynthesis.
Androgen plays an essential role in the development
and maturation of reproductive organs. The reduction of
androgen may induce oxidative stress and DNA damage
resulting in the death of the germ cells.®”!

On the other hand, another medication (montelukast)
is used for children to treat paediatric asthma.
Montelukast is leukotriene receptor antagonist that
reduces the exacerbation of asthma.(®! It has properties
of anti-inflammation, anti-oxidation and anti-apoptosis
that exert protective effects against various diseases.”!%
Moreover, the protective effects of montelukast have
also been reported against reproductive toxicity induced
by other medications such as doxorubicin.'!l However,
the effects of the anti-asthmatic drug (montelukast)
on puberty have not been studied; although asthma is
indirectly considered in delayed puberty. Therefore,
the objective of this investigation was to assess the
protective effect of montelukast on the reproductive
harms of rosuvastatin-induced delayed puberty because
the two drugs have been used for children and perhaps
at same time. Furthermore, the effect of montelukast
as a protective agent against the reproductive toxicity
of rosuvastatin has not been studied, as the effect of
ascorbic acid on rosuvastatin-induced delayed puberty.

MATERIALS AND METHODS

Animals, study design, and ethical approval
Healthy, were free from genetic modifications, adult
males and females Wistar albino rats were housed and
mated in an animal house at the university under the
controlled conditions of the light cycle and temperature.

After gestation and giving births, on postnatal day 30,
18 male neonates (50-60 g in weight) were selected
and distributed in polypropylene cages into three
groups (six rats per group): the control group received
0.2 ml of distilled water, the second group received
10 mg/kg rosuvastatin (Pioneer, Iraq)!'?! and the third
group received 10 mg/kg montelukast!™! (Pioneer,
Iraq) co-administered with an equivalent dose of
rosuvastatin (rosuvastatin + montelukast). The drugs
were dissolved in distilled water and administered
intraperitoneally every day (once time/day) for 5 days,
after that, the animals were maintained until reaching the
age of puberty and were euthanized at age of 50 days.
Experimental protocol and animal using and care were
approved by the ethical committee of our university
for animal research with approval issue No. 2204001.
All national ethical guidelines were applied in the
current investigation involving housing, water and food,
cleaning, acclimatisation, safety, movement freedom and
avoiding unnecessary pain and distress. Furthermore,
according to these ethical guidelines, animals’ number
as possible should be reduced in animal research, that
determined the sample size in this study with considering
the statistical acceptance.

Evaluation of serum hormones

All animals were anaesthetised with diethyl ether to
prevent pain, suffering and distress during cardiac
puncture use to collect blood samples. Then, these
samples were centrifuged (2400 rpm, 20 min) using
a refrigerated apparatus (Genex, Florida, USA) to
obtain serum. Luteinising hormone, testosterone
and follicle-stimulating hormone levels in the serum
were evaluated by commercial kits and I[-Chroma II
Immunoassay Analyzer (Boditech, Korea).

Testicular
analyses
When the animals were dissected, testes were removed
and fixed with paraformaldehyde. The testes were
sectioned at the thickness of 5 wm using the rotary
microtome and then stained with haematoxylin and
eosin. LCD light microscope (Genex, USA) was used
for the examination and photography histological
slides. Histomorphometric analysis was performed
on testes cross sections to measure the testicular
parameters (diameter, epithelium thickness and lumen

histopathologic and morphometric

size of the seminiferous tubules). Digital images
(x200 magnification) of ten randomly selected
microscopic  fields were analysed with Imagel

software (National Institutes of Health, USA).

Statistical analysis
The findings were statistically analysed by the one-way
analysis of variance and a comparison test (Bonferroni
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multiple tests) through version 5.0 of GraphPad Prism
software (San Diego, CA, USA). Mean =+ standard error
of the mean and significant P < 0.05 was considered in
this study.

REsuULTS

Serum levels of reproductive hormones

The concentrations of testosterone and luteinising
hormone were significantly reduced in the serum
as a result of rats’ treatment with rosuvastatin
and rosuvastatin + montelukast compared to the
control [Figure 1], while the concentration of
follicle-stimulating hormone in both treated groups was
similar to the control group.

Histopathological and morphometric findings of
testes

The histopathological study of testicular sections of
the control group showed normal spermatogenic and
sertoli cells in the seminiferous tubules with normal
lumens and normal Leydig cells in interstitial tissue
between adjoining seminiferous tubules [Figure 2a].
In contrast, the testicular sections of rosuvastatin and
rosuvastatin + montelukast groups were associated
with the signs of structural damage. The two treated
groups revealed degeneration in several seminiferous
tubules resulting in evident germ cell loss and the
absence or decrease of spermatozoa within the expanded
lumen compared with the control group. The presence
of acidophilic spermatocytes, clear vacuolisation in
germinal epithelium and loss of interstitial connective
tissue replaced with foci of congestions were also
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Figure 1: Significant levels of serum reproductive hormones for
experimental groups. (a) Testosterone levels in rosuvastatin treated rats
and rosuvastatin+montalukast co-treated rats compared to the control.
(b) Luteinizing hormone levels in the two treated groups compared to
the control

observed in the two treated groups compared with the
untreated group [Figure 2b and c].

Testicular histomorphometric analysis showed that
there were no significant differences with respect to
the external diameter of seminiferous tubules, while
there was a significant decrease of the epithelium
thickness opposite to a significant increase in the size
of the tubule lumen in the two treated (rosuvastatin
and rosuvastatin + montelukast) groups compared with
untreated group [Figure 3].

DISCUSSION

Male albino rats become pubertal at the age of
4248 days.l'*!*1 Pubertal development can be estimated
by measuring hormone levels, hormonal measurement
is typical to represent puberty.”) Before puberty,

testosterone level in the rats’ serum and plasma is
low and initiates a significant increase at puberty, and
then, it reaches to a maximum at the puberty end to
decrease gradually in the adult rats.['! In present study,
testosterone level in the serum was significantly lower
in the rosuvastatin and rosuvastatin+montelukast groups

K WA
Figure 2: Histological examination of testicular sections stained with
haematoxylin & eosin. (a) Normal seminiferous tubule with sperm in
the lumen (asterisk) lined by germinal epithelium (double arrow) and
surrounded by interstitial connective tissue (black arrow) in control
group. (b) and (c) Photomicrographs of rosuvastatin treated rats
and rosuvastatin+montalukast co-treated rats respectively showing
degeneration in seminiferous tubules, lacking or few sperms in expanded
lumen of seminiferous tubules (asterisk), presence of acidophilic
spermatocytes (red arrow), loss of interstitial connective tissue with
foci of congestions (black arrow) and clear vacuolisation in germinal
epithelium (blue arrow)
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Figure 3: Histomorphometric analysis of rats’ testes. (a) Germinal epithelium thickness in rosuvastatin treated rats and rosuvastatin+montalukast co-
treated rats versus control group. (b) and (¢) Lumen diameter and seminiferous tubules diameter respectively across all conditions

compared to the control. This significant decrease
in testosterone level can be an indicator of delayed
puberty according to Zemunik et all' Tt is well
known that rosuvastatin can retard puberty and reduce
serum testosterone concentration as a consequence of
decreasing cholesterol by rosuvastatin (lipid-lowering
drug) treatment; cholesterol is needed for testosterone
synthesis,'>!181 but our outcome of co-treatment of
rosuvastatin with montelukast was not in agreement with
the protective role of montelukast against reproductive
toxicity of cytotoxic drugs (doxorubicin and cisplatin)
and it can ameliorate the decreased level of testosterone
in adult male rats resulting from the administration of
these drugs.l'"!”! Moreover, montelukast has antioxidant
and protective activities against hepatotoxic and
myopathic effects of simvastatin.?” Serum level of
luteinising hormone also significantly diminished in the
two treated groups compared to the untreated group,
this result agreed with previous findings of rosuvastatin
treatment during the pre-puberty of male rats,?!! but it
disagreed with other studies.'>!” Both treated groups
did not differ from the control for the concentration of
follicle-stimulating hormone in the serum, this result
was in agreement with.'>!7l That might be due to the
negative feedback regulation of follicle - stimulating
hormone secretion by the direct action of inhibin on
the pituitary gland. Inhibin is synthesized in the testes
by Sertoli cells.?” These cells underwent degeneration
in the damaged testicular tissue of both treated groups

leading to reduction of the inhibin, which in turn resulted
in negative regulation of follicle - stimulating hormone.

Furthermore, the current study exhibited other
histopathological ~and  morphometric  alterations
of the testicular tissues in the rosuvastatin and

rosuvastatintmontelukast groups compared to the
control, some of these alterations such as abnormal
seminiferous tubules and the presence of acidophilic
cells were in accordance with the results of rats’
treatment with rosuvastatin.'>!7 Loss of germ cells
induced by rosuvastatin treatment might be caused
by a reduced level of testosterone, androgen depletion
and oxidative stress-induced DNA damage resulting in
death of germ cells represented by acidophilic cells.!'?]
Declined testosterone concentration leads to failure of
spermatogenesis and apoptosis or sloughing of germ
cells.?*? Sloughing of germ cells might be involved
in the significant reduction of germinal epithelium
thickness and subsequently significant expansion in the
lumens of seminiferous tubules, but these morphometric
findings did not agree with unaltered morphometric
measurements of the previous studies.'>'N Tt is
noticeable that co-administration of montelukast with
rosuvastatin could not ameliorate the histopathologic
and morphometric alterations, although administration
of montelukast can improve the alterations and damage
induced by doxorubicin and cisplatin in the testicular
histology of rats.'"!”) Worthy of mention, there are
scarce studies on the relationship of montelukast with
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reproductive toxicity. In addition, according to our
search, there is not yet an available study on the effect
of montelukast on puberty and against rosuvastatin.

CONCLUSION

Herein, the prominent conclusion of this investigation,
montelukast cannot eliminate the harms of
rosuvastatin-induced delayed puberty in albino rats. It
does not exert protective or anti-apoptotic effects against
rosuvastatin treatment-mediated germ cell death and
decline of serum testosterone level.
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