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Abstract:

BACKGROUND: Up until now, the effect of thyroid hormones on the male reproductive organ, after 
puberty, is not well understood. 

OBJECTIVES: In the present study, the morpho-histometrical effects of thyroid hormone deficiency on 
the adult-male rat reproductive organs were investigated. 

MATHODS: Thirty adult male rats were randomly divided into three groups (n=10): control, hypothy-
roid, and hypothyroid which receives Levothyroxine. After 4-months we examined the number of sper-
matogonia cells, primary spermatocytes, and Sertoli cells, as well as the seminiferous tubules epithelium 
thickness, area of seminiferous tubules, and the diameter and thickness of testis artery walls. 

RESULTS: No significant difference was observed between the hypothyroid and control rats in terms 
of the area of seminiferous tubules, the number of spermatogonia cells, primary spermatocytes, and Ser-
toli cells. Moreover, the epithelium thickness of seminiferous tubules and the diameter and thickness of 
artery walls were significantly decreased in hypothyroid group compared with the control rats.

CONCLUSIONS: These observations are consistent with the hypothesis that hypothyroidism can affect 
the male fertility and declare that it may influence male reproduction by reducing the testis blood flow.
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Thyroid, as one of the most important 
endocrine glands, in addition to the devel-
opment of the physiologic function, influ-
ences allof the tissues, especially the male 
reproductive tract. (et al., 2014). The thy-
roid gland secretes two hormones, T3 and 
T4 (Jannini et al., 1995), which apply the 
genomic and non-genomic effects, respec-
tively, by binding to the thyroid receptors 
(TRs) in the target cells nucleus, cell sur-
face, cytoplasm, and cell organelles such 
as mitochondria (Basset et al., 2003). TRa1 
and TRb1 (thyroid receptors) have been 
identified in the mammals’ testicular tissue  
Buzzard et al., 2000), which are expressed 
in Sertoli, Leydig, and germ cells (Romano 
et al., 2017). Previous reports have shown 
that the thyroid hormones control the pro-
liferation and differentiation of male repro-
ductive system cells by altering the thyroid 
receptor gene expression (Krajewska-kulak 
et al., 2013). T3 stops the proliferation of 
the Sertoli cells during the development and 
maturation periods (Anbalagan et al., 2010 
& Buzzard et al., 200) and is considered as 
one of the factors which initiate the differ-
entiation of the Leydig cells with unknown 
mechanism (Singh et al., 2012). 

Compared to leydig and germ cells, matu-
rated sertoli cells express a large number of 
thyroid receptors, especially TRa1, (Wagner 
et al, 2009 & Orth et al., 1998) and they are 
anatomically juxtaposed to spermatogonia 
germ cells and support the spermatogenesis 
process (Taha et al., 2012). Thus, it seems 
that the thyroid receptors located on the ser-
toli cells mediate the major thyroid effects 
on mammalian testis (Orth et al., 1998). 

Previous studies have reported that thy-
roid disorders can change the gonadal 

function and have negative effects on the 
hypothalamic–pituitary–gonadal axis, nor-
mal morphology of the reproductive sys-
tem cells, and reproduction (Krassas et al., 
2010). Kumar et al. (2014) reported that the 
normal function of thyroid is a prerequi-
site for normal function of the male geni-
tal tract, and thyroid disorders endanger the 
men’s sexual health( Kumar et al., 2014). 
Other researchers have also reported that 
hypothyroidism in men drastically affects 
the sperms’ morphology, besides reducing 
their number and ability( Kumar et al., 2014 
& Krassas et al., 2008 ,); furthermore, it 
should be noted that the thyroid hormones 
increase the blood supply by increasing the 
production of nitric oxide and increasing 
the diameter of vessels in several organs( 
Cai et al., 2015), so that the genital tissues 
are probably affected in the same way. 
Since thyroid receptors are widely distribut-
ed in the testis especially in the sertoli cells 
and normal thyroid function is important to 
maintain normalreproduction,we tested the 
histomorphological changes of the testis in 
response to hypothyroidism.

Materials and Methods

Thirty adult male Wistar rats (250 ± 50 
g) were obtained from the Animal House of 
the PasteurInstitute of Tehran, Iran, and then 
randomly divided into three groups (n=10): 
Control, Hypothyroidism, Hypothyroidism 
+Levothyroxine.All the rats had the same 
conditions in terms of temperature condi-
tions, 12 hours of darkness, and 12 hours 
of lighting; besides, all of them had access 
to adequate water and food. All the ethical 
considerations such as proper animal breed-
ing, including adequate food and water, fa-
vorable temperature, etc., were observed.

Introduction
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Hypothyroidism induction: To induce 
hypothyroidism, 20 rats underwent the ef-
fect of anti-thyroid medication Propylth-
iouracil (PTU) with concentration 0.5 g/L 
of drinking water for five weeks (Ayatollahi 
et al., 2015). After, six weeks, the amount 
of thyroid hormones in blood of the rats in 
the test and control groups and ensuring 
the development of hypothyroidism in the 
test group. Ten rats with hypothyroidism 
received levothyroxine with concentration 
of 1mg/L of drinking water for eight weeks 
Sheikhzadeh et al., 2014.

Sample collection: After 90 days, the 
all animals were anesthetized by ketamine 
(100 mg/kg) and xylazine (5 mg/kg)(La et 
al., 2017). After anesthesia, by opening the 
ventricular area, the testes were removed 
from the scrotum, and since in most cases 
the testes are located inside a ventricular 
chamber, they were led to the outside of the 
ventricle and then sliced longitudinally.

Pathological and histometrical study of 
seminiferous tubules and testicular ves-
sels: In the laboratory, after paraffin mold-
ing of the specimens by microtome device, 
some 5 micron-thick sections were cut seri-
ally, and then the tissue sections were pre-
pared for investigation by hematoxylin-eo-
sin staining. Histometry of the testicular 
tissue in each of the test groups was evalu-
ated using micrometer eyepiece at 40x mag-
nification. In each of the studied groups, 10 
seminiferous tubes were randomly selected 
in each sample, and the two perpendicular 
diameters were calculated. Then, the av-
erage diameter of each seminiferous tube 
in each field of view was calculated using 
the formula for the area of an ellipse; also, 
thickness and diameter of the vascular ep-
ithelium were measured through a similar 
method. In addition to these parameters, the 

number of spermatogonia, primary sper-
matocytes, and Sertoli cells werecounted. In 
order to count these cells in each section, 10 
fields of view were randomly selected from 
each sample, and examined; so that, a to-
tal of 300 microscopic fields of 30 sections 
prepared from the three groups were exam-
ined in order to investigate the above-men-
tioned factors. The average diameter of the 
toxic nephrosis tubes in each field of view 
was calculated using the formula for area of 
an ellipse due to their oval shape.

Area of an ellipse = half of the small di-
ameter × half of the big diameter × pi (π)

Data Analysis: Comparisons between 
groups were made by one-way ANOVA 
analysis using SPSS statistical program 
(version 16). The mean ± SEM are reported 
in the text and P<0.05 was considered sta-
tistically significant.

Results

Comparing the number of spermatogo-
nia, primary spermatocytes, and Sertoli 
cells between the groups showed no signifi-
cant difference, and only the number of Ser-
toli cells in the hypothyroidism group was 
slightly reduced compared to the control 
group, so that such reduction in the thyrox-
in group reached to that in the control group 
(Fig 1,2). 

Results of the analysis of diameter of 
seminiferous tubules among the groups 
indicated no significant change (Fig.3 a). 
The thickness of the seminiferous epitheli-
um in the hypothyroidism group was sig-
nificantly reduced compared to the control 
group (P=0.042) (df=19); furthermore, in 
the thyroxine treatment group, it was also 
increased in comparison with the hypo-
thyroidism group, but it is not significant 
(Fig.3 b). 

Hero Sheikholeslami, et al.
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Diameter of vessels in the hypothyroidism 
group was reduced compared to the control 
group (P= 0.039) (df=20). The changes in 
diameter of vessels in the thyroxin group 
compared to hypothyroidism group showed 
a significant increase (P= 0.024) (df=20) 
(Fig.4a).

Comparing the thickness of vessels’ wall 
in the hypothyroidism group indicated a sig-
nificant reduction compared to the control 
group (P=0.0009) (df=73); furthermore, the 
thyroxine treatment group demonstrated 
significant changes compared to the con-
trol group (P=0.031) (df=73). The changes 
in the thyroxin group compared to the hy-
pothyroidism group were also significant 

(P=0.001) (df=73); (Fig.4b).

Discussion

In the present study, the effects of thyroid 
hormones on the adult male rat testis mor-
pho-histometrical feature were investigated. 
Based on the results, eightweeks’ induction 
of hypothyroidism by Propylthiouracil in 
adult male rats did not change the number 
of spermatogonia cells, primary spermato-
cytes, and sertoli cells, significantly. 

Tahmaz et al., In 2000, who induced hy-
pothyroidism in adult rats, obtained sim-
ilar results to present study findings and 
acknowledged that there is no significant 
difference in the number of spermatogonia 
and primary spermatocyte cells between the 
hypothyroidism and control groups ( Yama-
moto et al., 2005). Other study reported that 
in adult rats with hypothyroidism, the num-
ber of spermatogonia cells, primary sper-
matocytes, and sertoli cells were decreased 
significantly, which was not consistent with 
the findings of the present study (Krassas et 
al., 2008). It seems that the reason for this 
inconsistency in the results is due to the du-
ration of the disease because it is one of the 
factors which can influence the alteration in 
the male reproductive system so that some 
researchers believe that long-term hypothy-

Thyroid Hormones Effect on the Adult Rat Testes Hero Sheikholeslami, et al.

Figure 1. a: The number of spermatogonia and b: primary spermatocyte. The data presents mean ± SEM P ≤ 0.05.

Figure 2. The number of sertoli cells. The data presents 
mean ± SEM, P ≤ 0.05.
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roidism can reduce the number of cells by 
activating apoptotic pathways (Wanger et 
al., 2009 ). 

Induction of hypothyroidism reduced the 
number of Sertoli cells in comparison with 
the control group.  Sertoli cells express a 
large number of thyroid-hormone recep-
tors that  by binding to them and increas-
ing the intracellular protein levels can lead 
to the survival of Sertoli cells and normal 
spermatogenesis (Sahoo et al., 2017). Con-
sequently, it appears that injection of Pro-
pylthiouracil and eventually lowering the 
serum levels of thyroid hormones have led 
to a decline in the number of Sertoli cells in 
hypothyroidism group.

In the present study, we have shown that 
there is no significant change in the mean 
area of seminiferous tubules between the 
three experimental groups. It is worth noting 
that in the hypothyroidism group, a slight 
decrease was observed in the area of sem-
iniferous tubules compared to the control 
group, but thyroxin therapies maintain the 
area of these tubules as the control group.
The results of this study are consistent with 
the findings of Francavilla et al. (1991) who 
reported a decrease in the diameter of the 
seminiferous tubules in neonatal rats in re-
sponse to hypothyroidism (Francavilla et al. 
1991). This disagreement is probably due 
to different effects of this hormone on the 

Hero Sheikholeslami, et al.

Figure 3. a: The seminiferous diameter, and b: thickness of seminiferous epithelium. The data presents mean ± SEM, P≤ 
0.05. *P<0.05 one-way ANOVA vs control group.

Figure 4. a: The testes vessel diameter, and b: thickness of the testes vessel. The data presents mean ± SEM, P≤ 0.05. *P<0.05, 
***P<0.001 one-way ANOVA vs control group. #P<0.05, ### P<0.001 one-way ANOVA vs hypothyroidism group.
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morphology of the genital tract during the 
different periods (neonatal and adult) of life 
(Sahoo et al., 2008).

Epithelium thickness of seminiferous 
tubules was significantly decreased in the 
hypothyroidism group compared to the con-
trol rats. Thyroxin has largely neutralized 
this reduction in the treatment group, but it 
is not significant statically. Previous studies 
have shown that long-term hypothyroidism 
leads to a reduction in the thickness of the 
germinal epithelium and therefore, many 
germ cells are exposed to apoptosis (Dam-
ber et al., 1992).

Another finding of the present study was 
the reduction of vascular diameter and wall 
thickness in the hypothyroidism group 
compared to the control group. Thyrox-
in therapies improved the thickness of the 
vascular wall compared to hypothyroidism 
group and also increased the thickness of 
the vascular wall in comparison to the con-
trol rats. Previous reports have shown that 
thyroid hormones directly affect endothelial 
and smooth muscle cells and reduction in 
the level of these hormones results in dis-
turbances in the vasodilatation process (Cai 
et al., 2015). In addition, thyroid hormones 
increase shear stress in the level of vascular 
endothelial cells, and then shear stress, as 
one of the main stimulants of nitric oxide, 
increases nitric oxide production. The tes-
ticular microvascular smooth muscle is ex-
pressed as androgen receptors. On the oth-
er hand, testosterone also affects the testis 
blood vessels ability of vasomotion Damber 
et al., 1992-. According to previous works, 
the decline in the level of thyroid hormones 
(hypothyroidism group) by disrupting the 
testicular vasodilation has a negative effect 
on testicular blood flow, thus it may prevent  
enough testosterone from reaching testicu-

lar tissue.
Conclusion: The present study has 

shown that induction of hypothyroidism 
after four months had no significant effect 
on the number of male reproductive sys-
tem cells, however significant histometrical 
changes were observed on the epithelium 
thickness of seminiferous tubules, vascular 
wall thickness, and vascular diameter. Thus 
these findings may explain the part of thy-
roid hormones deficiency effects on adult 
male fertility.
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تأثیر هیپوتیروییدیسم  بر ویژگی های مورفو- هیستومتریک بیضه در رت های بالغ
هیرو شیخ االسالمی1 فرزام شیخ زاده1 سید مهدی بانان خجسته1 نازلی خواجه نصیری2 علی دسترنج3 حسن مروتی4

1گروه علوم جانوری ، دانشکده علوم طبیعی، دانشگاه تبریز، تبریز، ایران

2گروه علوم زیستی، دانشکده علوم پایه، موسسه آموزش عالی ربع رشید، تبریز، ایران

3مرکز تحقیقات سالمت باروری زنان، دانشگاه علوم پزشکی تبریز، تبریز، ایران

4گروه علوم پایه، دانشکده دامپزشکی، دانشگاه تهران، تهران، ایران

 )  دریافت مقاله: 1 مرداد ماه 1397، پذیرش نهایی: 23 مهر ماه 1397(
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چکیده
زمینه مطالعه: تا کنون اثر هورمون های تیروئیدی بر اندام تولیدمثلی نر در دوره  بعد از بلوغ مورد توجه و مطالعه قرار نگرفته است. 

هدف: در بررســی حاضر اثر اختالل هورمون های تیروئیدی بر ویژگی های مورفو-هیستومتریکال اندام تولیدمثلی نر بالغ مورد 
بررسی قرار گرفت.

روش کار: 30 سر موش صحرائی نر بالغ به طور تصادفی به سه گروه )n=10( کنترل، هیپوتیروئیدی و هیپوتیروئید دریافت کننده 
لووتیروکسین تقسیم شدند. بعد از 4 ماه تعداد سلول های اسپرماتوگونی، اسپرماتوسیت اولیه و سرتولی مورد بررسی قرار گرفت در ضمن 
ضخامت اپی تلیوم مجرای سمی نفروز، مساحت مجرای سمی نفروز و قطر و ضخامت شریان های بیضه  نیز مورد ارزیابی واقع شد.

نتایج: تفاوت معنی داری بین گروه هیپوتیروئدیســم و گروه کنترل در تعداد ســلول های اســپرماتوگونی، اسپرماتوسیت اولیه، 
سرتولی  و مساحت مجرای سمی نفروز مشاهده نشد. بعالوه ضخامت مجرای سمی نفروز، قطر و ضخامت دیواره شریان ها در گروه 

هیپوتیروئدیسم نسبت به موش های صحرائی نر کاهش معنی دار داشت.

نتیجه گیری نهایی: نتایج حاصل در تائید این مطلب است که هیپوتیروئدیسم توانایی باروری مردان را تحت تأثیر قرار می دهد و 
احتمااًل این کاهش توانایی از طریق کاهش جریان جون بیضه میانجی گری می شود.
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