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Abstract
Cigarette smoking prevalence is still increasing in the developing world especially among men mainly in central 

Asia, east Europe and Africa. Furthermore, maternal cigarette smoking during pregnancy has multiple deleterious 
effects on the offspring, which may persist into adulthood. The present work aims at clarifying whether the prenatal 
exposure to either nicotine or thiocyanate could be the responsible factor in induction of the possible effect of smoking 
on spermatogenesis and the cytoarchitecture of the testis and hence influencing the male fertility later on. Twenty 
pregnant rats were randomly divided into four groups from gestational day 4. Groups Ia and b served as control. 
Group II animals were injected with nicotine (6 mg/kg/day) subcutaneously as a single dose. Group III Animals 
were treated with oral potassium thiocyanate (25 mg/rat/day) as a single dose through gastric gavages. Five male 
litters from each group (one/each pregnant rat) were sacrificed at the age of 1 month. Pituitary and testicular tissue 
samples were subjected to histological and electron microscopic study. The counts of different cells of seminiferous 
tubules were statistically analyzed for significance. Results revealed apoptotic changes at the subcellular level of the 
pituitary gonadotrophs and different spermatogenic and Sertoli cells of the testis. The number of Sertoli and different 
spermatogenic cells- rather than spermatogonia- showed a very highly significant decrease in the nicotine treated 
group in comparison to the control. The dense cells revealed a very highly significant increase in the nicotine treated 
group. In conclusion, the results of the present study were more consistent with a suggested dual effect of nicotine 
on the pituitary-testicular axis rather than a purely direct effect on the testis. On the other hand, thiocyanate induced 
subcellular effect on the testicular histology with minimal affection of gonadotrophs.
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Introduction
Smoking is an important cause of increased mortality and 

morbidity in the developed countries. Its prevalence is still increasing in 
the developing world especially among men mainly in central Asia, east 
Europe and Africa [1]. Cigarette smoking is not only a potent cause of 
lung cancer but also has been associated with low birth weight, preterm 
delivery and abortion in women who are addicted to it [2]. Maternal 
cigarette smoking during pregnancy has multiple deleterious effects on 
the offspring, which persist into adulthood [3].

The male reproductive system is known to be highly sensitive 
to many chemicals [4]. Growing evidence indicates that over 4000 
chemical compounds are usually concentrated and condensed into 
tobacco mixture [5]. Nicotine has always been identified as the most 
powerful toxin of cigarette smoking [6]. Thiocyanate, which develops in 
the vapour phase of tobacco smoke, exerts adverse cardiovascular effects 
with consequent increased damage caused by nicotine and carbon 
monoxide. In addition, it reacts at different steps of body metabolism 
[7]. Structural changes in DNA are observed among active and passive 
smokers at puberty [8]. Smoking has multiple effects on hormones, 
some of which are associated with important clinical implications [9]. 

According to investigators, knowledge of the exact chemical in 
tobacco which intensely affects the male fertility is still contradictory. 
The present work aims at clarifying whether the prenatal exposure 
to either nicotine or thiocyanate could be the responsible factor in 
induction of the possible effect of smoking on spermatogenesis and the 
cytoarchitecture of the testis and hence influencing the male fertility.

Materials and Methods 
Test drugs

1. Nicotine solution (Sigma-Aldrich chemical company, St.Louis,

USA) freshly diluted with sterile saline solution.

2. Potassium thiocyanate (Sigma-Aldrich chemical company,
St.Louis, USA) in 4 mg tablets freshly dissolved in distilled water.

Animals
A total number of acclimatized 20 pregnant female albino rats aged 

four months (average weight 150-200 gm) were used in the present 
study. They were randomly selected from mixed breeding cages after 
detection of the post-coital vaginal mucous plug, indicator of day one 
of pregnancy. Rats were obtained and housed separately in labeled 
cages in the animal house in the faculty of Medicine, Assiut University. 
They were kept under normal day and light cycles and appropriate 
temperature, fed rat chow and water ad libitum. 

Experimental design
The experiment protocol has been approved by the institutional ethics 

committee of Assiut University before the start of the experiment. The 
pregnant rats were randomly divided into four groups from gestational day 
4. Rats of each group were treated as follows until day 20 of gestation:
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Group Ia (n=5): served as control for nicotine-injected group. Rats 
were injected with 0.5 ml sterile saline solution subcutaneously at the 
same time where group II rats were injected with the drug. 

Group Ib (n=5): Served as control for thiocyanate-treated group. 
Animals were given distilled water orally at the same time where group 
III rats were given the drug. 

Group II (n=5): Animals were injected with nicotine (6 mg/kg/day) 
subcutaneously as a single dose [10].

Group III (n=5): Animals were treated with oral potassium thiocyanate 
(25 mg/rat/day) as a single dose through gastric gavages [11].

Five male litters from each group (one/each pregnant rat) were 
sacrificed at the age of 1 month. Rats were anesthetized with ether, 
thorax opened, heart exposed and the appropriate fixative was perfused. 
After perfusion, right testes and the pituitary glands were dissected free 
for processing.

Electron microscopic study

Immediately, specimens of the pituitary glands and the testes were 
fixed in 5% cold gluteraldehyde for at least 24 hours then washed in 
3-4 changes of cacodylate buffer (pH 7.2) for 20 minutes each and post 
fixed in cold osmium tetroxide for 2 hours. They were washed in four 
changes of cacodylate buffer for 20 minutes each. Dehydration was 
done by using ascending grades of alcohol (30,50 and 70%) each for 2 
hours and then 90%, 100% two changes 30 minutes each. Embedding 
was done in Epon 812 using gelatin capsules for polymerization. The 
embedded samples were kept in incubator at 35°C for one day, at 45°C 
for another day and for three days at 60°C.

Semithin sections (0.5-1 microns) were cut by using LKB 
ultramicrotome, stained with toluidine blue [12] then examined and 
photographed with light microscope. 

Ultrathin sections (50-80 nm) from selected areas of the trimmed 
blocks were made and collected on copper grids. The ultra-thin sections 
were contrasted with uranyl acetate for 10 minutes then lead citrate for 
5 minutes [13]. Finally, sections were examined and photographed 
by transmission electron microscopy (Jeol, E.M.-100 CX11; Japanese 
Electron Optic Laboratory, Tokyo, Japan) and photographed at 80 
kV. Electron micrographs were taken using a series of magnifications 
ranging from 3600 to 7200X for each specimen. The ultra thin 
processing, examination and photography has been performed in the 
service laboratory, National Research Center, Cairo.

Morphometric study
Morphometric measurements of digitalized images from toluidine 

blue stained sections of the testicular tissue were performed. A “Leica 
QWin 500” image analyzer computer system (England) and a Zeiss 
light microscope (Germany) using a magnification of X1000 were used 
in this process. Quantitative morphometric study included counting 
of Sertoli and different spermatogenic cells (spermatogonia, primary 
spermatocytes, spermatids and dense cells) in ten complete sections of 
seminiferous tubules per subject.

Statistical analysis

Data were presented as means + standard deviation (SD). 
Comparison between the two groups was carried out by student’s T 
test. The Statistical Package for the Social Sciences (SPSS for windows 
Version 22; SPSS Inc., Chicago, Illinois, USA) was used. Results were 
considered significant when probability (p) was ≤0.05, highly significant 
when (p) ≤ 0.01 and very highly significant when p ≤ 0.001 [14]. 

Results
Pituitary gland

Microscopic examination of the control groups, I a&b demonstrated 
the same architecture and cellularity of the pituitary gland with evident 
blood sinusoids. The ultra-thin sections examination revealed that 
gonadotrophs had rounded euchromatic nuclei. Their cytoplasm contained 
the characteristic rounded secretory granules of variable size and electron 
density (Figure 1). The cytoplasm also exhibited Golgi body, numerous 
mitochondria and rough endoplasmic reticulum (Figure 2).

Nicotine treated group (GII) revealed some gonadotrophs with 
distorted nuclei associated with indefinite nuclear outline. Clumps of 
heterochromatin were peripherally arranged associated with empty 
vacuoles in the nucleoplasm. The cytoplasm contained destructed 
mitochondria and dilated rough endoplasmic reticulum with evident 
whorlly arrangement (Figure 3).

Thiocyanate treated group (GIII) showed gonadotrophs with 
oval euchromatic nucleui and intact nuclear envelope. The cytoplasm 
exhibited dilated destructed mitochondria, dilated rER, ribosomes and 
the characteristic granules (Figure 4).

Testis

Histological examination: Control groups Seminiferous 
tubules had regular basal membrane and well distinct myoid cells. 
Normal spermatogenic series formed of 4-6 layers at different stages 
of spermatogenesis (spermatogonia, primary spermatocytes with 
characteristic curled chromatin and rounded spermatids) were observed. 
Pyramidal Sertoli cells were resting on the basement membrane and 
exhibited prominent nucleoli. There was complete absence of sperms in the 
non-canalized seminiferous tubules (Figure 5).

Figure 1: An electron photomicrograph of a section in the pituitary gland of group 
I showing a group of gonadotrophes. The nuclei are rounded euchromatic (N) 
and the cytoplasm contains rounded secretory granules of variable size and 
electron density (gr) (X3600).                                                                                                                              

 
Figure 2: An electron photomicrograph of a section in a gonadotroph of group 
I showing rounded euchromatic nucleus with double layer nuclear envelope. 
The cytoplasm contains Golgi body (G), numerous mitochondria (M), rough 
endoplasmic reticulum (rER) and characteristic secretory granules (gr) (X7200).
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In nicotine-treated group (GII) many seminiferous tubules suffered 
from reduction and disorganization in the spermatogenic layers with 
complete absence of spermatid. The spermatogonia, Sertoli and some of 
the primary spermatocytes seemed similar to control. Dense cells with 
pyknotic nuclei were obviously and frequently noted in some tubules in 
addition to intercellular vacuoles. Still the basement membrane showed 
intact trilaminar structure (Figure 6).

Thiocyanate treated group (GIII) showed seminiferous tubules that 
exhibited vacuoles of different sizes in between and surrounding the 
spermatogenic cells. The cells appeared disorganized and dissociated 
from one another. Moreover, large multinucleated cells were 
occasionally noted. There was complete absence of spermatids except 
for a degenerated one seen inside this multinucleated cell. On the 
other hand, some of the spermatogonia, primary spermatocytes, and 
Sertoli cells seemed to be more or less similar to the control. Other cells 
exhibited pyknotic nuclei and densely stained cytoplasm (Figure 7).

Electron microscopic examination

Control groups (GIa and b): Sertoli cells were clearly resting on the 
basal membrane with its characteristic tri-laminar appearance and few 
myoid cells. Sertoli cells had folded nucleus with well distinct nucleolus. The 
cytoplasm exhibited many mitochondria and ribosomes. Spermatogonia 
type B were resting on the basement membrane and showed rounded 
euchromatic nucleui with peripheral clumps of heterochromatin. Primary 
spermatocytes had rounded euchromatic nuclei with mitochondria and 
ribosomes in their cytoplasm. Spermatids had rounded nuclei characterized 
by the presence of small rounded clump of heterochromatin (B body) in 
addition to small peripherally arranged mitochondria (Figure 8). 

It was rather unexpected but interesting to find accidentally a late 
spermatid starting spermiogenesis at this age. The spermatid exhibited 
rounded nucleus with acrosomal cap and acrosomal vesicle, well distinct 
flagellum in addition to many out pouching and sheded cytoplasmic plebs 
(Figure 9). Interstitial cells of Leydig had rounded euchromatic nuclei and 
their cytoplasm appeared full of lipid droplets, well developed smooth 
endoplasmic reticulum and few lysosomes (Figure 10).

Nicotine treated group (GII): Sertoli cells had indented nuclei with 

 

Figure 3: An electron photomicrograph of a section in the gonadotrophs of 
group II showing distorted nucleus with indefinite nuclear outline (N). Clumps 
of electron dense heterochromatin was peripherally arranged with loss of the 
nuclear sap. The cytoplasm contained destructed mitochondria (M). The rough 
endoplasmic reticulum is dilated and whorlly arranged (rER) (X3600).

 

Figure 4: An electron photomicrograph of a section in the pituitary gland of 
group III showing oval euchromatic nucleus with intact nuclear envelope. 
The cytoplasm exhibits dilated destructed mitochondria (M), dilated rough 
endoplasmic reticulum (rER) and ribosomes(r). The characteristic secretory 
granules (gr) are still detected (X3600).

 

Figure 5: A photomicrograph of a semithin section in seminiferous tubule of 
group I showing regular basal membrane and well distinct myoid cell (↑). Normal 
spermatogenic cells formed of 4-6 layers at different stages of spermatogenesis, 
Spermatogonia (Sg), primary spermatocytes (Sc) with curled chromatin and 
spermatids (Sd). Pyramidal Sertoli cells exhibit prominent nucleolus resting on 
the basement membrane (*). Note the absence of sperms in the non-canalized 
seminiferous tubule (Toluidine blue, X1000).

 

Figure 6: A photomicrograph of a semithin section in seminiferous tubule of group 
II revealing intact basement membrane with reduction and disorganization in the 
spermatogenic layers with complete absence of spermatids. The spermatogonia 
(Sg), Sertoli (*) and some of the primary spermatocytes (Sc) seemed similar to 
control. Dense cells with pyknotic nulei are obviously noted in the tubule (↑). 
Note the presence of vacuoles (v) in between the cells (Toluidine blue, X1000).

 
Figure 7: A photomicrograph of a section in seminiferous tubule of group 
III revealing vacuoles of different sizes in between and surrounding the 
spermatogenic cells (v). The spermatogenic cells show variable nuclear staining 
affinity. The cells appear disorganized and dissociated from each other. Note the 
presence of large cell containing multiple nuclei (↑) and absence of spermatids 
except for one degenerated spermatid is seen inside this multinucleated cell 
(Toluidine blue, X1000).
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indistinct nuclear envelope and vacuolated cytoplasm. Spermatogonia 
had oval nuclei with irregular nuclear envelope (Figure 11). Some 
primary spermatocytes looked like the control. Damaged cells with 
irregular nuclei were detected. The nuclei contained amalgamated 
clumps of heterochromatin. The cytoplasm appeared granular, electron 
dense and devoid of cell organelles (Figures 12 and 13). Interstitial 
cells of Leydig showed variable degree of affection. Some cells were 
completely ruptured and the remaining cytoplasm contained dilated 
smooth endoplasmic reticulum and lysosomes. Other cells exhibited 
oval irregular nuclei with peripheral clumps of heterochromatin. 

The cytoplasm was electron dense contained numerous smooth 
endoplasmic reticulum, mitochondria and numerous secondary 
lysosomes but lacked lipid droplets (Figure 14). 

Thiocyanate treated group (GIII): Sertoli cells had irregular 
nuclei and the cytoplasm exhibited mitochondria with destructed 
cristae. Tight junctions were still detected in spite of the presence of 
intercellular vacuoles (Figure 15).

Primary spermatocytes had rounded euchromatic nuclei with 
destructed mitochondria in their cytoplasm. Damaged cells with 
complete nuclear lysis could be noted frequently (Figure 16).

 

Figure 8: An electron photomicrograph of a section in a seminiferous tubule 
of group I demonstrating Sertoli cell with folded nucleus (*), Spermatogonia 
type B (Sg), part of primary spermatocyte (Sc) and early spermatid (Sd). The 
spermatid has rounded euchromatic nucleus containing small rounded clump of 
heterochromatin (B-body). The cytoplasm exhibits small peripherally arranged 
mitochondria (m) (X3600).

 

Figure 9: An electron photomicrograph of a section in the late spermatid of 
group I showing rounded nucleus (N). The spermiogenesis is manifested by the 
presence of well developed acrosomal cap and vesicle (ac), flagellum (↑) and 
many sheded cytoplasmic plebs (**) (X3600).                                                                                               

 

Figure 10: An electron photomicrograph of a section in the interstitial cells of 
Leydig of group I showing rounded euchromatic nucleus (N). The cytoplasm 
is rich in smooth endoplasmic reticulum (sER), mitochondria (m) and some 
lysosomes (L). Note the presence of numerous lipid droplets occupying most of 
the cytoplasm (P) (X4800).

 

Figure 11: An electron photomicrograph of a section in the testis of group II 
showing a primary spermatocyte (Sc) very similar to that of the control. Sertoli 
cell (*) has indented nucleus with indistict double layer nuclear envelope. The 
cell has relative electron dense vaculated cytoplasm (↑) (X3600).

 

Figure 12: An electron photomicrograph of a section in the testis of group II 
showing normal spermatid (Sd). There are two cells which had electron dense 
nuclei with amalgamation and segmentation of the chromatin clumps (N1 & 
N2).  The cytoplasm of N1 is electron dense and fragmented with loss of the 
organelles. While the other cell N2 exhibits vaculated cytoplasm with numerous 
mitochondria (X3600).

 

Figure 13: An electron photomicrograph of a section in the testis of group II 
showing damaged cell with hyperchromatic irregular nucleus (N) is surrounded 
by degenerated electron dense cytoplasm (X3600).



Page 5 of 9

Citation: Ahmed SF, Elfadl SGA (2016) The Effect of Prenatal Exposure to Nicotine versus Thiocyanate on Pituitary-Testicular Axis of Juvenile Albino 
Rats: A Comparative Histological and Electron Microscopic Study. J Cytol Histol S5: 002. doi:10.4172/2157-7099.S5-002

Fine Needle Aspiration Cytology in Disease Diagnosis  ISSN: 2157-7099 JCH, an open access journalJ Cytol Histol 

Spermatids had irregular distorted nuclei associated with loss of 
the nuclear envelope. The cytoplasm exhibited characteristic small 
numerous mitochondria (Figure 17). Leydig’s cells had irregular 
euchromatic nuclei with plenty of smooth endoplasmic reticulum, 
destructed mitochondria, few lipid droplets (Figure 18).

Morphomertic results and statistical analysis: The percentage of 
the counted numbers of different cell types of the control and the two 
experimental groups are represented in Figure 19. 

Statistical analysis of the number of Sertoli and different 
spermatogenic cells-rather than spermatogonia- showed a very highly 
significant decrease in the nicotine treated group in comparison to the 

control. However spermatogonia demonstrated a slight increase in 
their number which was statistically non-significant. On the other hand 
the dense cells revealed a very highly significant increase in the nicotine 
treated group (Table 1). 

In case of thiocyanate treated group all the counted cells, except 
the dense cells, showed a decrease in comparison to its control. This 
decrease was non-significant only in case of spermatogonia but of very 
high significance in the rest. The dense cell count revealed a very highly 
significant increase as well (Table 2). 

When the nicotine and thiocyanate groups were compared together 
it was clear that the number of spermatogonia was significantly higher 

 

Figure 14: An electron photomicrograph of a section in the interstitial tissue 
of the testis of group II showing two Leydig’s cells. One (N1) has irregular 
oval nucleus and electron dense cytoplasm containing numerous smooth 
endoplasmic reticulum (sER) and secondary lysosomes (L). There is absence 
of lipid droplets. N2 was ruptured with dilated smooth endoplasmic reticulum 
(sER) and lysosomes (L) in the cytoplasm (X4800).

 

Figure 15: An electron photomicrograph of a section in the testis of group 
III showing Sertoli cell with irregular nucleus (*). The cytoplasm exhibits 
mitochondria with destructed cristea (m). Primary spermatocyte has euchromatic 
nucleus (Sc). Note the presence of vacuoles (v) among the cells (X3600).

 

Figure 16: An electron photomicrograph of a section in the testis of group III 
showing two primary spermatocytes have rounded euchromatic nuclei (N) and 
destructed mitochondria (m) in the cytoplasm. Note the presence of a damaged 
cell with complete nuclearlysis (↑) (X3600).

 

Figure 17: An electron photomicrograph of a section in spermatid of group 
III showing irregular nucleus with loss of the nuclear envelope (N). Note the 
presence of irregular cell outline (↑) and intercellular vacuoles (v) (X3600).

 

Figure 18: An electron photomicrograph of a section in the interstitial tissue 
of testis of group III showing Leydig’s cells. One cell has irregular euchromatic 
nucleus (N). Its cytoplasm exhibits smooth endoplasmic reticulum (sER), 
destructed mitochondria (m), few lipid droplets (P) and lysosomes (L). Note the 
presence of mitochondria with tubular cristae (^) (X4800).
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Figure 19: The percentage of cell counts of each cell type in all groups.
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in the nicotine treated group. The rest of the cell counts didn’t reveal any 
significant changes between the two experimental groups. However, 
the increase in dense cell count recorded a significantly higher value in 
nicotine treated group as well (Table 3). 

Discussion
Despite remarkable advances in the treatment of severe male factor 

infertility, significant numbers of men cannot be effectively treated because 
of deficiencies in our understanding of testicular failure. Therefore, the 
mechanisms responsible for abnormal spermatogenesis should be clarified 
in order to develop and improve treatment options [15].

In mammals, the functional maturation of male reproductive organs 
is under strict regulation by hormones of the pituitary–gonadal axis in a 
species-specific mode. With stages regulated by testosterone, it is quite 
logical that any affection to this axis brings about a constitutional delay 
in the spermatogenic process [16].

Rats were chosen as the experimental animal in this research for 
their well-defined reproductive systems and the fact that compounds 
which could cause infertility in human males were also found to be 
active in rats [17]. Five to six developmental time periods, indicated 
in post natal days (PNDs), are recognized in the male rat and were 
referenced when characterizing microscopic changes. These stages 
include the neonatal (PND 0–7), infantile (PND 8–20), juvenile 
(PND 21–32), peri-pubertal (PND 33–55), and late pubertal (PND 

56–70) periods [18,19]. These periods loosely correlate with similar 
developmental stages in humans [20,21].

Examination of the pituitary sections in the current work revealed 
changes in both nicotine- and thiocyanate-treated groups with more 
evident affection in the former. The gonadotroph of the nicotine treated 
group showed distorted nucleus associated with loss of the nuclear 
envelope. There are empty vacuoles in the nucleoplasm. The cytoplasm 
contained destructed mitochondria. The rough endoplasmic reticulum 
was dilated and whorlly arranged. The thiocyanate treated group 
examination revealed much less affection. This could be attributed to 
apoptosis or programmed cell death. Apoptosis is morphologically 
characterized by disruption of the cell skeleton, cell shrinkage and 
nuclear condensation [15].

The apoptotic changes may result partially from the deleterious 
toxic effects of nicotine through increased production of reactive 
oxygen species (ROS) [22,23]. The free radicals produced would lead 
to cellular injury. The structure and fluidity of cell membrane would 
be altered when membrane phospholipids and lipid peroxidation were 
disintegrated, marked by the release of unsaturated fatty acid from 
membrane phospholipids [24].

Although nicotine readily crosses the placenta, there is no evidence 
that it is metabolized by the placenta. It is therefore likely that the blood 
concentrations of nicotine reached in the fetus are similar to those in 
the mother. Furthermore, enzymatic protection mechanisms of the 
fetus are not well developed [8]. Metabolism of nicotine in the fetal liver 
is slow and a longer half-life of nicotine in the fetus can be expected. 
This is confirmed by the higher concentrations of nicotine in fetal tissue 
compared to maternal blood levels [25].

Similarly, there is higher level of thiocyanate in the amniotic fluid 
which accumulates in the rat embryo. This may be due to the pH 
gradient in the maternal plasma, which is more acidic in relation to the 
pH of the fetus [26].

The adverse effect of nicotine on the pituitary hormones is still 
unclear. It is not settled yet whether nicotine affects the pulsatile 
gonadotropin secretion or not [27]. However, recently, it has been 
established that nicotine inhibits pulsatile LH secretion in human males 
but not in human females [28]. In this respect the current results may 
add subcellular explanation to the low level of plasma LH and FSH 
concentration following nicotine exposure.

The available literature did not provide clear evidences regarding 
the direct effect of thiocyanate on the hypothalamic-pituitary axis. This 
turned on the curiosity about the possible effect of thiocyanate on the 
testis. It was justified that administration of thiocyanate to pregnant 
rats promoted toxic effects in the fetuses in many organs rather than 
reproductive organs [29].

In adition, rapidly dividing cells are more vulnerable to the effects 
of foreign substances such as nicotine [30]. Now it is more interesting 
to show our finding on examining testicular sections.

The results of the control testis run parallel to histological finding 
in the Juvenile Period in rats: PND 21 to PND 32. The juvenile period 
is characterized by maintenance of the first wave of spermatogenesis 
to round spermatids. The presence of numerous large pachytene 
spermatocytes and the formation of secondary spermatocytes are 
characteristics of this stage [31].

The interesting finding of very early spermiogeneseis and the 
appearance of acrosomal vesicle and cap and flagellar formation in the 
late spermatid in the control of the current study was unexpected at 

                      Values

Type of cells

Cell count (Mean ± SD)
P ValueGroup Ia

(Control )
GROUP II
(Nicotine)

Spermatogonia  4.56 ± 2.555  5.75  ±  3.274  0.333
Sertoli cells  10.00 ± 3.240  4.42 ± 1.213  0.0001***
Primary 
spermatocytes  19.78 ± 7.190  10.00 ± 4.273  0.0001***

Spermatids  8.89 ± 6.412  3.79 ± 2.934  0.003***
Dense cells  0.33 ± .5  6.67 ± 4.440  0.0001***

***Very highly significant when p ≤ 0.001
Table 1: Statistical comparison between the mean ± standard deviation of different 
cell counts of the nicotine treated group and its control. 

                                   Values

Type of cell

Cell count (Mean ± SD)
P ValueGroup Ib

(Control)
GROUPIII

(thiocyanate)
Spermatogonia 4.67 ± 1.803 3.63 ± 3.270 0.386
Sertolicells 11.44 ± 2.603 4.95 ± 2.272 0.0001***
Primary spermatocytes 19.22 ± 6.457 11.11 ± 3.665 0.0001***
Spermatids 11.44 ± 4.667 2.89 ± 3.680 0.0001***
Dense cells 0.78 ± .667 3.79 ± 2.016 0.001***

***very highly significant when p ≤ 0.001
Table 2: Statistical comparison between the mean+standard deviation of different 
cell counts of the thiocyanate treated group and its control. 

                                Values

Type of cells 

Cell count (Mean ± SD)
P ValueGroup II

(Nicotine)
GROUPIII

(Thiocyanate)
Spermatogonia  5.75 ± 3.274  3.63 ± 3.270  0.041* 
Sertoli  cells  4.42 ± 1.213  4.95 ± 2.272  0.331 
Primary spermatocytes  10.00 ± 4.273  11.11 ± 3.665  0.376 
Spermatids  3.79 ± 2.934  2.89 ± 3.680  0.379 
Dense cells  6.67 ± 4.440  3.79 ± 2.016  0.012* 

**Significance was considered P ≤ 0.05
Table 3: Statistical comparison between the mean+standard deviation of different 
cell counts of the nicotine- versus thiocyanate treated groups.
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this age. But, this was supported by the studies of Igwebuike and his 
group in 2011 in addition to Ramos et al. in 2012 [32,33]. Both teams 
demonstrated sperms during their experiments in different testicular 
sections at same age. Still it was postulated earlier that the start of 
canalization and lumen formation in the seminiferous tubules starts on 
day 15 and at day 31 some of the tubules [34].

In mammalian species, the adult Leydig cells -the only source of 
testosterone- are absent at birth. Th. Adult Leydig cells are the dominant 
cell type of the Leydig cell lineage from Postnatal Days 26–28 onward. 
The total number and the size of lipid droplets are more in Ledig’s cells 
of the juvenile rat than that in the adult rat [35]. This clearly explains 
the plenty of lipid droplet in the Leydig cells found in control group of 
the present study.

The result of the current work of nicotine treated group revealed 
that the seminiferous tubules exhibited vacuoles of different sizes. Cells 
appeared disorganized and dissociated from each other and exhibited 
pyknotic nuclei and densely stained cytoplasm. These findings are in 
agreement with a previous study which reported that male Wistar rats 
treated with varied doses of nicotine for 30 days also showed a reduction 
in germ cells and spermatids of their seminiferous tubules [17]. On the 
other hand, some temporary effects on testes histopathology of rats 
aged 7 weeks when exposed to nicotine were also reported [24].

Abnormalities in the present Sertoli cells differentiation, 
polymorphic mitochondria, residual bodies, irregular cristae and an 
electron-dense matrix on exposure to nicotine are similar to those 
after experimental ischaemia, suggesting that vascular lesions may be 
important in nicotine toxicity [36].

Our result as regard the leydig cells with few lipid droplets are in 
agreement with reduction in the number of these cytoplasmic lipid 
droplets occurred in nicotine-exposed newborn rats [37].

Indeed, it has been shown that ROS inhibits steroidogenesis by 
interfering with cholesterol transport to mitochondria and/or catalytic 
function of P450 enzymes Moreover, ROS also inhibits steroidogenesis 
during cholesterol transfer by suppression of the steroidogenic acute 
regulatory (StAR) protein expression in Leydig cells. However, the data 
concerning the effects of cigarette smoking and nicotine on testosterone 
levels are conflicting [38].

Moreover, it was reported that smoking has been associated with 
testicular degeneration, disorganization of the cytoarchitecture and 
decreased serum testosterone levels [39]. Arrest of spermatogenesis may 
probably occur as a consequence of reduction in serum testosterone. It 
has been shown to be essential for the completion of meiotic division 
during spermatogenesis [4].

The examination of the thiocyanate treated group revealed Sertoli 
cells had irregular nucleus. The cytoplasm exhibited mitochondria 
with destructed cristae. Tight junctions were detected in spite of the 
presence of intercellular vacuoles. Damaged cells with complete nuclear 
lysis could be noted as well. The cytoplasm showed mitochondria with 
destructed cristae and large vacuoles. Some nuclei appeared distorted 
associated with loss of the nuclear envelope. Leydig’s cells had irregular 
nuclei and their cytoplasm exhibited plenty of smooth endoplasmic 
reticulum, destructed mitochondria, few lipid droplets and lysosomes.

Multinucleated cells observed in the thiocyanate treated group could 
be explained as a normal change. Multinucleates due to formations 
of young spermatids present in sexually immature normal rat testes. 
Multinucleation apparently results from a failure of intercellular bridges 
to break down in the early phases of spermiogenesis [40].

To our knowledge there is a great shortage in data explaining the 
effect of thiocyanate on the juvenile testis and testicular hormones. 
Still it was proved that Low-level exposure to thiocyanate is positively 
associated with thyroid stimulating hormone TSH and negatively 
associated with free T4 in first trimester of pregnancy [41]. Furthermore, 
thiocyanate can cross the placenta in the rat and produces alterations 
directly in the fetal thyroid gland [42]. In addition, thiocyanate inhibits 
NA/I symporter potentially reducing iodine transport and blocking the 
production of thyroid hormone [43].

It was proved by Kumar and his group in 2014 that the presence 
of thyroid hormone receptors on germ cells suggests a probable role of 
thyroid hormones in sustaining different population of germ cells [44].

In 2008, Sahoo et al. [45] reported that altered thyroid function during 
early stages of development adversely affect testicular growth, physiology, 
and antioxidant defense status. This compromised testicular antioxidant 
status might have contributed to poor growth and development by 
affecting the spermatogenesis and steroidogenesis in rats before puberty. 
Furthermore, this was recently endorsed by a similar study that showed 
specifically reduced germ cell number, complete absence of round 
spermatids, decreased seminiferous tubule diameter, and decreased 
testosterone level [46]. It has been reported that hypothyroidism prolongs 
the proliferative phase of Sertoli cells and inhibits their differentiation, 
leading to a higher number of Sertoli cells [47].

Thus, it could be hypothesized that the lesions observed in the 
offspring from the experimental groups were induced by an indirect toxic 
effect of thiocyanate. However, in contrast to this some authors considered 
this possibility is unlikely. As among all the parameters analyzed in 
reproductive toxicity, none showed significant differences between the 
control and experimental groups receiving thiocyanate [26].

Still the statistical analysis of the morphometric results revealed 
significant decrease in the number of the spermatogenic cells in the 
treated groups apart from spermatogonia. It is to be recalled that the 
stem spermatogonia, maintain their numbers by self-renewal while 
some differentiate. This differentiation may be blocked in different 
ways. Undifferentiated spermatogonia proliferate but their numbers 
remain relatively constant because of apoptosis [48]. The constant 
number or even sometimes increased number of spermatogonia may 
be noted in cases of hypogonadism [49].

Because each Sertoli cell supports a limited number of germ cells 
in a species-specific manner, it is currently accepted that the number 
of Sertoli cells established during testis development determines the 
rate of sperm production in sexually mature animals [50]. In addition, 
reports declared that spermatogenic efficiency is usually positively 
correlated with the number of germ cells supported by each Sertoli cell 
[51]. This rings an important alarm that the prepubertal insult to the 
number of Sertoli cells may cause permanent effect on the fertility of 
the individuals. 

The number of spermatogonial generations, the rate of germ cell 
loss during spermatogenesis, the number of Sertoli cells per gram of 
testis and the size of Sertoli cells are also important parameters for the 
determination of spermatogenic efficiency [52].

Conclusion
The results of the present study were more consistent with a 

suggested dual effect of nicotine on the pituitary-testicular axis rather 
than a purely direct effect on the testis. On the other hand, thiocyanate 
induced subcellular effect on the testicular histology with minimal 
affection of gonadotrophs. It is recommended to design further studies 
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to investigate the possible effect of thiocyanate on the pituitary-thyroid-
testicular crosstalk.

References

1.	 Eriksen M, Mackay J, Schluger N, Gomeshtapeh F, Drope J (2015) The tobacco 
atlas American Cancer Society and world lung foundation: Fifth edition.

2.	 Wagiio M, Sheikh A, Duijts L, Been J (2015) Reducing tobacco smoking and 
smoke exposure to prevent preterm birth and its complications. Pediatrics 
Respiratory Reviews.

3.	 Håkonsen L, Ernst A, Ramlau-Hansen C (2014) Maternal cigarette 
smoking during pregnancy and reproductive health in children: a review of 
epidemiological studies. Asian J Androl 16: 39-49. 

4.	 Oyeyipo IP, Raji Y, Emikpe BO, Bolarinwa AF (2011) Effects of  Nicotine on 
Sperm Characteristics and Fertility Profile in Adult Male Rats: a possible role of 
cessation. J Reprod Infertil 12: 201-207. 

5.	 Kaufmann A, Hitsman B, Goelz PM, Veluz-Wilkins A, Blazekovic S, et al. (2015) 
Rate of Nicotine Metabolism and Smoking Cessation Outcomes in a Community-
based Sample of Treatment-Seeking Smokers. Addict Behav 51: 93-99. 

6.	 Asiyah HA, Syazana NS, Hashida NH, Durriyyah Sharifah HA, Kamaruddin MY 
(2011) Effects of nicotine and Gelam honey on testis parameters and sperm 
qualities of juvenile rats. Scientific Research and Essays 26: 5471-5474. 

7.	 Sousa AB, Silvana LG (2012) The Analysis of Protein-Bound Thiocyanate 
in Plasma of Smokers and Non-Smokers as a Marker of Cyanide Exposure. 
Journal of Analytical Toxicology 36: 265-269.

8.	 Angelova M, Nedkova V, Bojinova AS, Milanova VN, Stoyanova V (2012) Smoking 
and thiocyanates in school children. Trakia Journal of Sciences 10: 52-58.

9.	 Weglicki LS, Templin TN, Rice VH, Jamil H, Hammad A (2008) Comparison of 
cigarette and water-pipe smoking by Arab and non-Arab-American youth. Am 
J Prev Med 35: 334-339. 

10.	Basta PV, Basham KB, Ross WP, Brust ME, Navarro HA (2000) Gestational 
nicotine exposure alone or in combination with ethanol down-modulates 
offspring immune function. Int J Immunopharmacol 22: 159-169. 

11.	Sundari SB, Venu L, Sunita Y, Raghunath M (2007) Chronic maternal dietary 
iodine deficiency but not thiocyanate feeding affects maternal reproduction and 
postnatal performance of the rat. Indian J Exp Biol 45: 603-609. 

12.	Gupta PD (1983) Ultrastructural study on semithin section. Sci Tool 30: 6-7.

13.	Reynolds ES (1963) The use of lead citrate at high pH as an electron opaque 
stain in electron microscopy. J Cell Biol 17: 208-212.

14.	Armitage P, Berry G, Matthews JNS (2000) Statistical methods in medical 
research: 4th edition. Oxford; Malden, MA: Blackwell Science pp: 760-783. 

15.	Yüksel B, Kilic S,  Lortlar N, Tasdemir N, Sertyel S, et al. (2014) Environmental 
Tobacco Smoke Exposure during Intrauterine Period, Promotes Caspase 
Dependent and Independent DNA Fragmentation in Sertoli-Germ Cells. 
Obstetrics and Gynecology.

16.	Kyathanahalli C, Bangalore S, Hanumanthappa K, Muralidhara M (2014) 
Experimental diabetes-induced testicular damage in prepubertal rats. J 
Diabetes 6: 48-59.

17.	Cho Ping N, Hashim NH, Hasan Adli DS (2014) Effects of Nigella sativa 
(Habbatus sauda) Oil and Nicotine Chronic Treatments on Sperm Parameters 
and Testis Histological Features of Rats. Evid Based Complement Alternat 
Med. 

18.	Ojeda SR, Advis JP, Andrews WW (1980) Neuroendocrine control of the onset 
of puberty in the rat. Fed Proc 39: 2365-2371.

19.	Ojeda SR, Skinner MK (2006) Puberty in the rat. In: Neill JD, knobil and neill’s 
physiology of reproduction. Academic Press SD 2: 2061-2126. 

20.	Barrow PC, Barbellion S, Stadler J (2011) Preclinical evaluation of juvenile 
toxicity. Methods Mol Biol 691: 17-35.

21.	Remick K, Eveline CT, De Rijk ML, Simon S, Donald G (2014) Postnatal 
Development of the Testis in the Rat: I. Morphologic Study and II. Correlation 
of Morphology to Neuroendocrine Parameters. Toxicologic Pathology XX: 1-17. 

22.	Bandopadhyay G, Sinha S, Chattopadhyay BD, Chakraborty A (2008) Role 
of cucumin against nicotine induced genotoxicity on rat liver under restricted 
dietary protein. Eur J Pharmacol 588: 151-157. 

23.	Sudheer AR, Muthukumaran S, Devipriya N, Devraj H, Menon VP (2008) 
Influence of ferulic acid on nicotine induced lipid peroxidation, DNA damage 
and inflammation in experimental rats as compared to N-acetylcysteine. 
Toxicology 243: 317-329.

24.	Egesie UG, Galam NZ, Gambo IM, Ayodeji AA, Simji GS, et al. (2013) Evaluation 
of andrological indices and testicular histology following administration of varied 
doses of nicotine. J Biol Agri Healthcare 3: 83-94.

25.	Kleinsasser NH, Sassen AW, Semmler MP, Harreus UA, Licht  AK, et al. (2005) 
The tobacco alkaloid nicotine demonstrates genotoxicity in human tonsillar 
tissue and lymphocytes. Toxicol Sci 86: 309-317. 

26.	Sousa  AB, Manzano H, Soto-Blanco B, Gorniak SL (2003) Toxicokinetics 
of cyanide in rats, pigs and goats after oral dosing with potassium cyanide. 
Archives of Toxicology 77: 330-334. 

27.	Jana k, Kumar KS, Kumar K (2010) Nicotine Diminishes Testicular 
Gametogenesis, Steroidogenesis, and Steroidogenic Acute Regulatory Protein 
Expression in Adult Albino Rats: Possible Influence on Pituitary Gonadotropins 
and Alteration of Testicular Antioxidant Status. Science 116: 647-659. 

28.	Funabashi T, Sano A, Mitsushima D, Kimura F (2005) Nicotine inhibits pulsatile 
luteinizing hormone secretion in human males but not in human females, and 
tolerance to this nicotine effect is lost within one week of quitting smoking. J Clin 
Endocrinol Metab 90: 3908-3913.

29.	De Sousa AB, Maiorka PC, Gonçalves ID, Marques de Sá LR, Górniak SL 
(2007) Evaluation of effects of prenatal exposure to the cyanide and thiocyanate 
in wistar rats. Reprod Toxicol 23: 568-577. 

30.	Rehan VK, Wang Y, Sugano S, Santos J, Patel S, et al. (2007) In utero nicotine 
exposure alters fetal rat lung alveolar type II cellproliferation, differentiation, and 
metabolism. Am J Physiol Lung Cell Mol Physiol 292: L323-333.

31.	Picut CA, Remick AK, De Rijick EP, Simons ML, Stump DG, et al. (2015) Postnatal 
Development of the Testis in the Rat, Morphologic Study and Correlation of 
Morphology to Neuroendocrine Parameters. Toxicol Pathol 43: 326-342. 

32.	Igwebuike UM, Ochiogu IS, Ihedinihu BC, Ikokide JE, Idika IK (2011) The 
effects of oral administration of monosodium glutamate (msg) on the testcular 
morphology and cauda eipididymal sperm reserves of young and adult male 
rats. Vet Archiv 81: 525-534.

33.	Ramos A, Pereira A, Cabrita AS, Capela e Silva F (2012) Effects of the food 
contaminant semicarbazide on testicular morphology of juvenile Wistar rats 
Arq. Bras Med Ve Zootec 64: 781-785.

34.	van Haaster LH, de Rooij DG (1993) Spermatogenesis is accelerated in the 
immature Djungarian and Chinese hamster and rat. Biol Reprod 49: 1229-1235. 

35.	Mendis-Handagama SM, Ariyaratne HB (2001) Differentiation of the adult 
Leydig cell population in the postnatal testis. Biol Reprod 65: 660-671.

36.	Aydos K, Güven MC, Can B, Ergün A (2001) Nicotine toxicity to the ultrastructure 
of the testis in rats. BJU Int 88: 622-626.

37.	Paccola CC, Neves FM, Cipriano I, Stumpp T, Miraglia SM (2014) Effects of 
prenatal and lactation nicotine exposure on rat testicular interstitial tissue. 
Andrology 2: 175-185. 

38.	Tweed JO, Hsia SH, Lutfy K, Friedman TC (2012) The endocrine effects of 
nicotine and cigarette smoke. Trends Endocrinol Metab 23: 334-342.

39.	Halmenschlager G, Rossetto S, Lara GM, Rhoden EL (2009) Evaluation of the 
effects of cigarette smoking on testosterone levels in adult men. J Sex Med 6: 
1763-1772.

40.	Miraglia SM, Hayashi H (1993) Histomorphometry of immature rat testis after 
heating. J Morphol 217: 65-74.

41.	Charatcharoenwitthaya N, Ongphiphadhanakul B, Pearce EN, Somprasit C, 
Chanthasenanont A, et al. (2014) The association between perchlorate and 
thiocyanate exposure and thyroid function in first-trimester pregnant Thai 
women. J Clin Endocrinol Metab 99: 2365-2371. 

42.	Soto-Blanco B, G´orniak SL, Kimura ET (2001) Physiopathological effects of 
chronic cyanide administration to growing goats – a model for cyanogenic 
plants ingestion. Vet Res Commun 25: 379-389.

43.	Pearce EN, Alexiou M, Koukkou E, Braverman LE, He X, et al. (2012) 
Perchlorate and thiocyanate exposure and thyroid function in first-trimester 
pregnant women from Greece. Clinical Endocrinology 77: 471-474.

44.	Kumar A, Shekhar S, Dhole B (2014) Thyroid and male reproduction. Indian J 
Endocrinol Metab 18: 23-31.

http://3pk43x313ggr4cy0lh3tctjh.wpengine.netdna-cdn.com/wp-content/uploads/2015/03/TA5_2015_WEB.pdf
http://3pk43x313ggr4cy0lh3tctjh.wpengine.netdna-cdn.com/wp-content/uploads/2015/03/TA5_2015_WEB.pdf
http://www.sciencedirect.com/science/article/pii/S1526054215000871
http://www.sciencedirect.com/science/article/pii/S1526054215000871
http://www.sciencedirect.com/science/article/pii/S1526054215000871
http://www.ncbi.nlm.nih.gov/pubmed/24369132
http://www.ncbi.nlm.nih.gov/pubmed/24369132
http://www.ncbi.nlm.nih.gov/pubmed/24369132
http://www.ncbi.nlm.nih.gov/pubmed/23926503
http://www.ncbi.nlm.nih.gov/pubmed/23926503
http://www.ncbi.nlm.nih.gov/pubmed/23926503
http://www.ncbi.nlm.nih.gov/pubmed/26240944
http://www.ncbi.nlm.nih.gov/pubmed/26240944
http://www.ncbi.nlm.nih.gov/pubmed/26240944
https://www.researchgate.net/publication/230813832_Effects_of_nicotine_and_Gelam_honey_on_testis_parameters_and_sperm_qualities_of_juvenile_rats
https://www.researchgate.net/publication/230813832_Effects_of_nicotine_and_Gelam_honey_on_testis_parameters_and_sperm_qualities_of_juvenile_rats
https://www.researchgate.net/publication/230813832_Effects_of_nicotine_and_Gelam_honey_on_testis_parameters_and_sperm_qualities_of_juvenile_rats
http://www.ncbi.nlm.nih.gov/pubmed/22474215
http://www.ncbi.nlm.nih.gov/pubmed/22474215
http://www.ncbi.nlm.nih.gov/pubmed/22474215
http://tru.uni-sz.bg/tsj/Vol10N2_ 2012/M.Angelova.pdf
http://tru.uni-sz.bg/tsj/Vol10N2_ 2012/M.Angelova.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18675529
http://www.ncbi.nlm.nih.gov/pubmed/18675529
http://www.ncbi.nlm.nih.gov/pubmed/18675529
http://www.ncbi.nlm.nih.gov/pubmed/10685000
http://www.ncbi.nlm.nih.gov/pubmed/10685000
http://www.ncbi.nlm.nih.gov/pubmed/10685000
http://www.ncbi.nlm.nih.gov/pubmed/17821855
http://www.ncbi.nlm.nih.gov/pubmed/17821855
http://www.ncbi.nlm.nih.gov/pubmed/17821855
http://www.oalib.com/references/15306804
http://www.ncbi.nlm.nih.gov/pubmed/13986422
http://www.ncbi.nlm.nih.gov/pubmed/13986422
http://www.ncbi.nlm.nih.gov/nlmcatalog/100972943
http://www.ncbi.nlm.nih.gov/nlmcatalog/100972943
http://www.ncbi.nlm.nih.gov/pubmed/25045542
http://www.ncbi.nlm.nih.gov/pubmed/25045542
http://www.ncbi.nlm.nih.gov/pubmed/25045542
http://www.ncbi.nlm.nih.gov/pubmed/25045542
http://www.ncbi.nlm.nih.gov/pubmed/23773549
http://www.ncbi.nlm.nih.gov/pubmed/23773549
http://www.ncbi.nlm.nih.gov/pubmed/23773549
http://www.hindawi.com/journals/ecam/2014/218293/
http://www.hindawi.com/journals/ecam/2014/218293/
http://www.hindawi.com/journals/ecam/2014/218293/
http://www.hindawi.com/journals/ecam/2014/218293/
http://www.ncbi.nlm.nih.gov/pubmed/6989642
http://www.ncbi.nlm.nih.gov/pubmed/6989642
http://www.jourlib.org/references/12834635
http://www.jourlib.org/references/12834635
http://www.ncbi.nlm.nih.gov/pubmed/20972745
http://www.ncbi.nlm.nih.gov/pubmed/20972745
http://tpx.sagepub.com/content/early/2014/09/10/0192623314547279.full.pdf
http://tpx.sagepub.com/content/early/2014/09/10/0192623314547279.full.pdf
http://tpx.sagepub.com/content/early/2014/09/10/0192623314547279.full.pdf
http://www.sciencedirect.com/science/article/pii/S0014299908004032
http://www.sciencedirect.com/science/article/pii/S0014299908004032
http://www.sciencedirect.com/science/article/pii/S0014299908004032
http://www.ncbi.nlm.nih.gov/pubmed/18068289
http://www.ncbi.nlm.nih.gov/pubmed/18068289
http://www.ncbi.nlm.nih.gov/pubmed/18068289
http://www.ncbi.nlm.nih.gov/pubmed/18068289
http://irepos.unijos.edu.ng/jspui/bitstream/123456789/332/1/Evaluation of andrological indices and.pdf
http://irepos.unijos.edu.ng/jspui/bitstream/123456789/332/1/Evaluation of andrological indices and.pdf
http://irepos.unijos.edu.ng/jspui/bitstream/123456789/332/1/Evaluation of andrological indices and.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15858221
http://www.ncbi.nlm.nih.gov/pubmed/15858221
http://www.ncbi.nlm.nih.gov/pubmed/15858221
http://www.ncbi.nlm.nih.gov/pubmed/12799772
http://www.ncbi.nlm.nih.gov/pubmed/12799772
http://www.ncbi.nlm.nih.gov/pubmed/12799772
http://www.ncbi.nlm.nih.gov/pubmed/20498001
http://www.ncbi.nlm.nih.gov/pubmed/20498001
http://www.ncbi.nlm.nih.gov/pubmed/20498001
http://www.ncbi.nlm.nih.gov/pubmed/20498001
http://www.ncbi.nlm.nih.gov/pubmed/15870124
http://www.ncbi.nlm.nih.gov/pubmed/15870124
http://www.ncbi.nlm.nih.gov/pubmed/15870124
http://www.ncbi.nlm.nih.gov/pubmed/15870124
http://www.ncbi.nlm.nih.gov/pubmed/17336040
http://www.ncbi.nlm.nih.gov/pubmed/17336040
http://www.ncbi.nlm.nih.gov/pubmed/17336040
http://www.ncbi.nlm.nih.gov/pubmed/17215434
http://www.ncbi.nlm.nih.gov/pubmed/17215434
http://www.ncbi.nlm.nih.gov/pubmed/17215434
http://www.ncbi.nlm.nih.gov/pubmed/25217330
http://www.ncbi.nlm.nih.gov/pubmed/25217330
http://www.ncbi.nlm.nih.gov/pubmed/25217330
http://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=105609&lang=en
http://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=105609&lang=en
http://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=105609&lang=en
http://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=105609&lang=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-09352012000300037
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-09352012000300037
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-09352012000300037
http://www.ncbi.nlm.nih.gov/pubmed/8286605
http://www.ncbi.nlm.nih.gov/pubmed/8286605
http://www.ncbi.nlm.nih.gov/pubmed/11514326
http://www.ncbi.nlm.nih.gov/pubmed/11514326
http://www.ncbi.nlm.nih.gov/pubmed/11678761
http://www.ncbi.nlm.nih.gov/pubmed/11678761
http://www.ncbi.nlm.nih.gov/pubmed/24574094
http://www.ncbi.nlm.nih.gov/pubmed/24574094
http://www.ncbi.nlm.nih.gov/pubmed/24574094
http://www.ncbi.nlm.nih.gov/pubmed/22561025
http://www.ncbi.nlm.nih.gov/pubmed/22561025
http://www.ncbi.nlm.nih.gov/pubmed/19473474
http://www.ncbi.nlm.nih.gov/pubmed/19473474
http://www.ncbi.nlm.nih.gov/pubmed/19473474
http://www.ncbi.nlm.nih.gov/pubmed/8411187
http://www.ncbi.nlm.nih.gov/pubmed/8411187
http://www.ncbi.nlm.nih.gov/pubmed/24701986
http://www.ncbi.nlm.nih.gov/pubmed/24701986
http://www.ncbi.nlm.nih.gov/pubmed/24701986
http://www.ncbi.nlm.nih.gov/pubmed/24701986
http://www.ncbi.nlm.nih.gov/pubmed/11469509
http://www.ncbi.nlm.nih.gov/pubmed/11469509
http://www.ncbi.nlm.nih.gov/pubmed/11469509
http://www.ncbi.nlm.nih.gov/pubmed/22486757
http://www.ncbi.nlm.nih.gov/pubmed/22486757
http://www.ncbi.nlm.nih.gov/pubmed/22486757
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3968728/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3968728/


Page 9 of 9

Citation: Ahmed SF, Elfadl SGA (2016) The Effect of Prenatal Exposure to Nicotine versus Thiocyanate on Pituitary-Testicular Axis of Juvenile Albino 
Rats: A Comparative Histological and Electron Microscopic Study. J Cytol Histol S5: 002. doi:10.4172/2157-7099.S5-002

Fine Needle Aspiration Cytology in Disease Diagnosis  ISSN: 2157-7099 JCH, an open access journalJ Cytol Histol 

45.	Sahoo DK, Roy A, Bhanja S, Chainy GB (2008) Hypothyroidism impairs
antioxidant defense system and testicular physiology during development and
maturation. Gen Comp Endocrinol 156: 63-70.

46.	Al-Awdan AA, Idrees SE, Shalaby SA, Mehlab EM, Mannawy SM (2014)
Prenatal and Postnatal Effects of Hypothyroidism and Thyroxin Replacement
on the Development of Rat Testis. Journal of American Science10. 

47.	Said SD, Said ZH, Kamel A, Bekkouche FH (2013) Effects of thyroxine
treatment during lactation on the testicular function of rats across different
ages. Folia Histochem Cytobiol 51: 107-114.

48.	Meng X, Lindahl M, Hyvonen ME, Parvinen M, de Rooij DG, et al. (2000)
Regulation of cell fate decision of undifferentiated spermatogonia by GDNF.
Science 287: 1489-1493.

49.	Marvin LM, Gunapala S (2003) Inhibition of Spermatogonial Review
Differentiation by Testosterone. Journal of Andrology 24: 136-148.

50.	França LR, Godinho CL (2003) Testis morphometry,seminiferous epithelium
cycle length, and daily sperm production in domestic cats (Felis catus). Biol
Reprod 68: 1554-1561.

51.	França LR, Russell LD (1998) The testis of domestic animals. In: Martínez F,
Regadera J (Eds.). Male reproduction: a multidisciplinary overview. Madrid,
Spain, Churchill Livingstone pp: 197-219.

52.	Leal MC, Becker-Silva S, Chiarini-Garcia H, França LR (2004) Sertoli cell
efficiency and daily sperm production in goats (Capra hircus). Anim Reprod 
1: 122-128.

This article was originally published in a special issue, Fine Needle Aspiration 
Cytology in Disease Diagnosis handled by Editor(s). Borislav A. Alexiev, 
University of Maryland Medical Center, USA

http://www.ncbi.nlm.nih.gov/pubmed/18093587
http://www.ncbi.nlm.nih.gov/pubmed/18093587
http://www.ncbi.nlm.nih.gov/pubmed/18093587
http://www.jofamericanscience.org/journals/am-sci/am1009/028_26567am100914_208_217.pdf
http://www.jofamericanscience.org/journals/am-sci/am1009/028_26567am100914_208_217.pdf
http://www.jofamericanscience.org/journals/am-sci/am1009/028_26567am100914_208_217.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23907939
http://www.ncbi.nlm.nih.gov/pubmed/23907939
http://www.ncbi.nlm.nih.gov/pubmed/23907939
http://www.ncbi.nlm.nih.gov/pubmed/10688798
http://www.ncbi.nlm.nih.gov/pubmed/10688798
http://www.ncbi.nlm.nih.gov/pubmed/10688798
http://onlinelibrary.wiley.com/doi/10.1002/j.1939-4640.2003.tb02652.x/pdf
http://onlinelibrary.wiley.com/doi/10.1002/j.1939-4640.2003.tb02652.x/pdf
http://www.ncbi.nlm.nih.gov/pubmed/12606460
http://www.ncbi.nlm.nih.gov/pubmed/12606460
http://www.ncbi.nlm.nih.gov/pubmed/12606460
http://www.cbra.org.br/pages/publicacoes/animalreproduction/issues/download/v1n1/AR013.pdf
http://www.cbra.org.br/pages/publicacoes/animalreproduction/issues/download/v1n1/AR013.pdf
http://www.cbra.org.br/pages/publicacoes/animalreproduction/issues/download/v1n1/AR013.pdf

	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods  
	Test drugs 
	Animals
	Experimental design 
	Electron microscopic study 
	Morphometric study 
	Statistical analysis 

	Results
	Pituitary gland 
	Testis

	Discussion
	Conclusion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Figure 13
	Figure 14
	Figure 15
	Figure 16
	Figure 17
	Figure 18
	Figure 19
	Table 1
	Table 2
	Table 3
	References



