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Abstract

Background: Sildenafil citrate used for treatment of
erectile dysfunction and was reported to be supportive to men
with erectile dysfunction including who suffer from diabetes,
hypertension, spinal cord injuries, multiple sclerosis, depres-
sion, schizophrenia and men after prostatectomy. Selenium
has a considerabl e attention as an essential micronutirent for
both animal and human being. It is a potentially antioxidant

agent.

Aimof Study: Thiswork aimed to study the possible
protective effects of selenium on the testes of the adult albino
rats treated with sildenafil citrate by transmission electron
microscope.

Material and Methods: Thirty adult albino rats were used
and divided into three equal groups: Group | (control group),
group |1; received sildenafil citrate orally in a dose of 10mg/kg
body weight for 8 weeks, group I11: Received seleniumin a
dose of 10mg/kg orally before the treatment with sildenafil
citrate. At the end of the experiment, the testes were obtained,
and subjected to the transmission electron microscopic studies.

Results: After treatment with silden&fil citrate spermato-
gonia appeared with shrunken nucleus and vacuolated cyto-
plasm. Sertoli cells appeared dislocated with ill-defined cell
membrane. The primary spermatocytes and spermatids ap-
peared with irregular shaped nuclei and abnormal acrosomal
cape. Leyding cells appeared with irregular nuclei and vacu-
olated cytoplasm. Spermatozoa appeared distorted with swollen
mitochondrial sheath. Selenium showed some improvement
in the ultrastrucure of the testis with spermatogonia appeared
with large nucleus and less vacuolated cytoplasm. Sertoli
cells appeared at their normal sites with indented euchromatic
nucleus. Primary spermatocytes and spermatids appeared with
normal shape. Leydig cells appeared with less vacuolation
and euchromatic nuclei. Most of spermatozoa appeared with
intact form.

Conclusion: Silden&fil citrate had atoxic effect on all of
the germinal cells and administration of selenium partialy
improved these toxic effects.
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Introduction

IN recent times, erectile dysfunction has become
acommon and multifactorial disease that strongly
impairs the quality of lifein man [1].

Sildenafil citrate is awater soluble citrate salt
that was firstly synthesized in United Kingdom to
treat hypertension and angina pectoris. This drug
exhibited a different pharmacological effect & a
marked penile erection [2 . It isacyclic nucleotide
inhibitor and it causes intracellular monophosphate
inhibition through action of the endogenous Nitric
Oxide-Cyclic Guanosine Monophosphate (NO-
cGMP) pathway [3].

Sildenafil popularity is increasing with young
adults due to the beliefs that it increases libido,
improves sexual performance and increases the
size of the penis, it also widely used by body
builders and athletes [4].

Sildenafil had provoked tubular and interstitial
histological alteration of the seminiferous tubules,
increased Leydig cellularity, tubular degeneration,
which finally might lead to complete arrest of
spermatogenesis [5].

Selenium is used as a nutritional supplement
and it isinvolved in many essential biological
processes as immune functions, free radicals coun-
teraction, DNA protection and repair & production
of normal spermatozoa [6].

Selenium is an essentia trace nutrient for hu-
mans and animals [7]. It isrequired for normal
testicular development and spermatogenesisin
rats. Serum selenium is reported to be lower in
men with oligospermia and azoospermia [g] .
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Aim of the work:

The aim of the work was to study the possible
protective effects of selenium on the structure of
the testis of adult albino rats treated with sildenafil
citrate by transmission electron microscopic exam-
ination.

Material and M ethods

Animals used:

Thirty adult male albino rats, weighing 200-
250gm. were used; the animals were isolated and
housed in the Animal House at Faculty of Medicine,
Assuit University during 2017. They were kept in
wire-floored cages under standard laboratory con-
ditions of a12:12 hour light/dark cycle at 25°C
with free access to food and water. All animal
procedures were in accordance with the recommen-
dations of the Canadian Committee for Care and
Use of Animals and were approved by the local
Institutional Animal Ethical Committee. All the
experimental procedures were performed from 8
to 10 A.M. [9].

The animals were divided into three equal
groups, each of them consists of 10 rats:

1- Group |: A control group.

2- Group |1: Therats were treated with sildenafil
citrate.

3- Group I11: The rats were treated with selenium
before the treastment with sildenafil citrate.

Drug, dosage and administration:

1- Sildendfil citrate was given daily by oral tube
in adose of 10mg/kg body weight for 8 weeks
[10].

2- Selenium was given daily by oral tube in adose
of 10 microgram/kg body weight for 8 weeks
before the treatment with sildenafil citrate [11].

At the end of the experiment the animals were
anaesthetized with ether and perfused with saline
to wash blood out of the circulatory system then
with the appropriate fixative (Formalin 10%). The
Scrotums were opened and the testis of the control
and treated animals were extracted, cut, and proc-
essed for transmission el ectron microscopic studies.
Specimens were cut in small pieces and fixed in
2.5% glutaraldehyde for 24 hours, semithin sections
were stained with toluidine blue. Ultrathin sections
were examined by transmission electron microscope
(Jeol-1010) in Assiut University EM Unit.
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Morphometric and statistical analysis:

Estimation of the maximum diameters of the
nucleus of spermatogonia and middle piece of the
spermatozoain control and treated animals was
done. Measurements were performed on the testes
sections (2-3 sections per animal). In each section
five measurements were obtained using image
analysis system (digimizer version 3.7. 2005-2010)
MedCalc statistical software in the Anatomy De-
partment at Sohag University. Statistical analysis
were done using SPSS software Version 16. Vari-
ables were represented by mean = SD (mean *
standard deviation of mean). Student t-test was
used to compare the means of these variables
between different groups. Finally the significance
was considered according to the level of p-value
significance as follows:

- p>0.05 non significant.

- p<0.05 significant*.

- p<0.01 highly significant**.

- p<0.001 very high significant difference***.

Results

Group I:

Ultrastructurally, the base of the seminiferous
tubules appeared formed by the basement mem-
brane. The spermatogonium appeared resting on
the basement membrane with large rounded nucleus
and condensed chromatin, arim of cytoplasm
around appeared with organelles. The primary
spermatocyte appeared inner to the spermatognia
with large rounded nucleus and a thin rim of cyto-
plasm filled with mitochondria Fig. (1). Sertoli
cell appeared resting on the basement membrane
with large oval nucleus and prominent nucleolus,
cytoplasm around the nucleus were filled with
organelles Figs. (1,2). Early spermatids appeared
as oval cells next to the Sertoli cells. Their cyto-
plasm showed peripherally located mitochondria
and small oval nucleus Fig. (2). The spermatids
appeared as oval large cells with large oval nuclei.
The acrosomal cap appeared fitted to one pole of
the nucleus. Their nuclei were surrounded by mul-
tiple peripherally located mitochondria Fig. (3).
Interstitial cells of Leydig appeared in-between
the semniferous tubules with large irregular euchro-
matic nucleus and prominent nucleolus. The cyto-
plasm contained numerous mitochondriaFig. (4).

Cross sections in the middle pieces of the sper-
matozoa consisted of central axoneme surrounded
by nine doublets of microtubules and mitochondrial
sheath. Termina end pieces were formed of central
axoneme surrounded by cell membrane Fig. (5).
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Fig. (1): An electron micrograph from the testis of a
control adult albino rat showing spermatogonium (Sg) resting
on the basement membrane (BM). The primary spermatocyte
(Ps) appears with large rounded nucleus and cytoplasm filled
with mitochondria (m), Sertoli cell (St) adjacent to the base-
ment membrane with large faintly stained nucleus and multiple
mitochondria (m). (TEM X3600).

Fig. (2): An electron micrograph from the testis of a
control adult albino rat showing Sertoli cell (St) adjacent to
the basement membrane (BM) with large oval nucleus and
prominent nucleolus (n). The primary spermatocytes (Ps)
appears with large nucleus. The Early spermatids (Sd) appear
oval in shape with small nucleus with intact acrosomal cap
(irregular arrow) surrounded by peripherally located mito-
chondria (m). (TEM X3600).

Fig. (3): An electron micrograph from the testis of a
control adult albino rat showing two spermatids (Sd) with
large oval nuclei. Their cytoplasm showing peripherally
located mitochondria (m). The acrosomal cap appears fitted
to one side of the nucleus (thin arrow T). (TEM X3600).
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Fig. (4): An electron micrograph from the testis of a
control adult albino rat showing two interstitial cells of Leydig
(L) with large euchromatic nucleus (N) and prominent nucle-
olus (n). The cytoplasm contains numerous amounts of mito-
chondria (arrows). Sertoli cell (St) and spermatogonium (Sg)
resting on the basement membrane (BM). (TEM X3600).

Fig. (5): An electron micrograph from the testis of a
control adult albino rat showing cross section in spermatozoa.
The middle piece of the spermatozoa consist of central ax-
oneme (Ax) surrounded by nine outer dense fibers (arrow)
and mitochondrial sheath (m). Terminal end piece (EP) is
formed of central axoneme surrounded by a cell membrane.
(TEM X20000).

Group II:

After treatment with the sildenafil citrate the
following changes appeared by electron microscop-
iC examination:

Spermatogonia appeared ballooned with multi-
ple vacuolesin the cytoplasm, nucleus appeared
condensed and smaller in size. Some cells are
replaced by large sized vacuoles Fig. (6). The
Sertoli cell appeared detached from their sites with
large irregular nucleus and ill-defined cell mem-
brane Fig. (6). The primary spermatocytes appeared
degenerated with pyknotic shrunked nucleus and
vacuolated cytoplasm and destructed organelles
with alarge number of lipid droplets and ill-defined
cell membrane Figs. (7,8). The Early spermatids
appeared with an irregular nucleus and acrosomal
cap with ill-defined cell membrane Fig. (8). The
spermatid appeared with large irregular oval nu-
cleus. The acrosomal cap appeared irregular or
incomplete Fig. (9). Theinterstitial Leydig cells
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appeared with irregular nuclear membrane and
peripheral chromatin condensation, some showed
destructed nucleus and multiple vacuoles within
the cytoplasm Fig. (10).

Fig. (6): An electron micrograph from the testis of group
I showing the spermatogonim (Sg) close to the basement
membrane (BM). The cell appears ballooned with small
nucleus with abnormal chromatin distribution. The Sertoli
cell (St) appears mislocated with ill-defined cell membrane.
The other cells appear replaced by large sized vacuoles. (TEM
X3600).

Fig. (7): An electron micrograph from the testis of group
Il showing the primary spermatocytes (Ps) appears with
pyknotic shrunken nucleus (arrow) and vacuolated cytoplasm
and destructed organelles, multiple vacuoles appear around
(V). (TEM X3600)

Fig. (8): An electron micrograph from the testis of group
Il showing two primary spermatocytes (Ps) appears with
irregular shaped, destructed nucleus (N) and ill-defined cell
membrane with alarge number of lipid droplets (Ld) and
vacuolated cytoplasm (V). The Early spermatids (Sd) appears
with an irregular nucleus and acrosomal cap ( T) and ill-defined
cell membrane. (TEM X3600).
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A cross section in the middle pieces of the
spermatozoa showed distorted ballooned surround-
ing microtubules and swollen mitochondrial sheath
Fig. (12).

Fig. (9): An electron micrograph from the testis of group
showing spermatids (Sd) with pyknotic large irregular oval
nuclei. The acrosomal cap appearsirregular ( 1) or incomplete
(TT). (TEM X3600).

Fig. (10): An electron micrograph from the testis of group
I showing multiple Leydig cells (L) with irregular densely
packed heterochromatic nucleus (N), vacuolated cytoplasm
(V). Note the dilated blood vessels (BV). (TEM X3600).

Fig. (11): An electron micrograph from the testis of group
I showing a cross section in the middle pieces of spermatozoa
which appear distorted with swollen mitochondrial sheath
(m). (TEM X20000).
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Group I1I:

Administration of selenium with sildenafil
citrate showed the following changes on electron
mi croscope examination:

Spermatogonia appeared resting on the base-
ment membrane with rounded euchromatic large
nucleus and less vacuolated cytoplasm Fig. (12).
Sertoli cell appeared resting on the basement mem-
brane with indented euchromatic nucleus and well
defined cell membrane. Fig. (12). Primary sperma-
tocytes appeared with large oval euchromatic nu-
cleus and less vacuol ated cytoplasm with well-
defined membrane of the nucleus and the cell Fig.
(13). The Early spermatids appeared with large
nucleus and incomplete acrosomal cap Fig. (13).
Spermatids appeared with euchromatic nuclei that
are covered by intact and complete acrosomal caps
Fig. (14). Theinterstitial cells of Leydig appeared
normal with euchromatic nucleus and less vacu-
olated cytoplasm Fig. (15).

A cross section in the spermatozoa shows that
the middle piece consisted of intact axoneme sur-
rounded by nine outer dense fibers and mitochon-
drial sheath. Discontinous mitochondrial sheath
was also noticed in some pieces. Termina end
piece was formed of central axoneme surrounded
by a cell membrane Fig. (16).

Fig. (12): An electron micrograph from the testis of group
111 showing the spermatogonium (Sg) resting on the basement
membrane (BM) with euchromatic large nucleus and well
defined cell membrane (arrow head). The Sertoli cell (St)
appears within normal site and with indented euchromatic
nucleus and well defined cell membrane (arrow head). Primary
spermatocytes (Ps) have oval nucleus and irregular clumps
of heterochromatin are observed. Vacuoles (V) in between
cells still present, with free organelles mitochondria (m) and
smooth endoplasmic reticulum (SER) (TEM X3600).
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Fig. (13): An electron micrograph from the testis of group
I11 showing the primary spermatocytes (Ps) appear with large
rounded euchromatic nucleus with well-defined nuclear and
cell membrane. An early spermatid (Sd) gf)pears with an
euchromatic large nucleus which is partially covered by
acrosomal cap (T). (TEM X3600).

Fig. (14): An electron micrograph from the testis of group
111 showing the Spermatids (Sd) appear with euchromatic
nuclei that are covered by intact and complete acrosomal caps
(arrows), Vacuoles (V) still present in-between cells (TEM
X3600).

Fig. (15): An electron micrograph from the testis of group
I11 showing multiple Leydig cells with less vacuolation (V),
with euchromatic nuclei (N). The areais surrounded on both
sides by an area of seminiferous tubules (S). (TEM X3600).



5026

Fig. (16): An electron micrograph from the testis of group
I11 showing cross section in spermatozoa. The middle piece
(MP) consists of intact axoneme surrounded by nine outer
dense fibers (arrow) and mitochondrial sheath (m). Disconti-
nous mitochondrial sheath is also noticed in some pieces
(arrow head). Terminal end piece (EP) isformed of central
axoneme surrounded by a cell membrane. (TEM X20000).

Morphomertic results:

1- Diameter of the nuclei of spermatogonia: The
mean diameter of the nuclei of spermatogonia
of control group is (209+20) showed significant
increase in comparison to group 11 (144 +8.8)
with p-value=0.000 and group |11 (177 +6.8)
with p-value=0.000 (Table 1), Graph (1).

2- Diameter of the middle piece spermatozoa: The
mean diameter of the middle piece spermatozoa
of control group is (103 +4.8) showed significant
decrease in comparison to group |1 (124 £7) with
p-value=0.000 and non-significant change with
group 111 (109+ 10) with p-value=0.06 (Table
1), Graph (2).

Table (1): Mean diameters (in pixels) of the nucleus of sper-
matogonia and the middle piece spermatozoain
control and experimental groups.

Diameter of the nucleus Diameter of the middle
of spermatogonia piece spermatozoa

(mean * SD) (mean £ SD)
Group | 209+20 103+4.8
Group |1 144+8.8*** 124 7%%*
Group 111 177+6.8*** 109+ 10
250 209.37
200 177.73
144.20
150
< 100
50
0
Group | Group Il Group |11
Groups

Graph (1): Mean diameters (in pixels) of the nucleus of
spermatogoniain control and experimental groups.
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124.16
120 103.24 109.09
100
2 80
é 60
s 40
20
Group | Group 11 Group 111
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Graph (2): Mean diameters (in pixels) of the middle piece
spermatozoa in control and experimental groups.

Discussion

Sildenafil citrate is considered a specific inhib-
itor of cGMP and causes dilatation of peripheral
veins and arteries as it enhances nitric oxide release
from the penile tissues, leading to the relaxation
of corpus cavernosum smooth muscles, increasing
blood flow into the spongy tissue of the penis, thus
causing erection [12,13] .

In the present work EM examination of group
(I1) revealed that the sildenafil citrate affected the
cells of the testis as follows; spermatogonia ap-
peared with shrunken nucleus and vacuol ated cy-
toplasm. The Sertoli cells appeared dislocated with
ill-defined cell membrane. The primary spermato-
cytes and spermatids appeared with irregular shaped
nuclei and abnormal acrosomal cape. Spermatozoa
appeared distorted and have a swollen mitochon-
dria sheath.

In this respect previous studies found testicular
abnormalities and depressed spermatogenesis of
albino rat after sildenafil administration [14,15] .

Sildenafil citrate administration induces histo-
logical changesin therat testisin the form of
destruction of spermatogenic layer, degeneration
in spermatogonia and impaired spermatogeness,
necrosis of seminiferous tubules and interstitial
tissue and congested blood vessels [5,16-18] .

Sildenafil citrate administration caused testic-
ular oxidative stress which resulted in destruction
of seminiferous tubules, affection of spermatogen-
esis, vacuolation and abnormal spermatozoa mor-
phology [1,10].

Sildenafil citrate decreases number of normal
sperms and increases abnormal sperms. It also
results in histopathological changesin the testis
as vacuolations, necrosis of seminiferous tubules
and increases inflammatory cells. These effects
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may be due to changes in the expression of various
receptors associated cGMP or responsive effect of
these receptorsin the brain and this will cause
damage of testicular tissues and failure in sperma-
togenesis [19].

Previous studies reported that when albino rats
treated with sildenafil citrate, the seminiferous
tubules are widely separated, their volume and
diameter are decreased. Thisis due to inter-tubular
oedema which disturbs the nutritional supply of
the seminiferous epithelium and result in lysis of
spermatogenic cells [20].

In the present work Leydig cells appeared with
irregular nuclei and vacuolated cytoplasm, previous
studies also reported that sildenafil citrate altered
the ultrastructure of Leydig cells [21-23].

Vacuolated cytoplasm that was observed in this
study can be interpreted by leakage of lysosomal
hydrolytic enzymes and peroxidation of polyunsat-
urated fatty acids induced by sildenafil, which
causing cytoplasmic degeneration due to impair-
ment in the cell membrane permeability function
[24].

In contrary to the present results previous stud-
ies stated that sildenafil have a protective effect
on ischemic reperfusion injury to the testes, kidney,
brain, spinal cord, ileum and myocardium. Also
reported that sildenafil has a positive effect on the
spermatogenesis, semen production and quality
and increases the fertility [25,26] .

Electron microscopic examination of group
(111 after addition of selenium showed some im-
provement in the ultrastrucure of the testis; sper-
matogonia appeared with rounded euchromatic
large nucleus and less vaculated cytoplasm. Sertoli
cell appeared resting on the basement membrane
with indented euchromatic nucleus. The primary
spermatocytes and spermatids appeared with
euchromatic nuclel and well defined nuclear and
cell membrane. Leydig cells appeared with less
vacuolation and euchromatic nuclei. Most of sper-
matozoa appeared with intact axoneme surrounded
by nine outer dense fibers and mitochondrial sheath.

Previous studies reported that the rat testes
treated with selenium showed the seminiferous
tubules with uniform size and shape and normal
spermatogenesis. They were lined by regularly
arranged rows of spermatogenic cellsin different
stages. The spermatogonial and Sertoli cellswere
observed in normal structure, vacuolation, conges-
tion & oedemawere decreased [11,27-29] .
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Selenium is a potentialy antioxidant agent, it
possibly reduces the oxidative stress and apoptosis
caused by testicular injury in rats [30] . Its antioxidant
property has been able to fight against oxidative
stress acting on the nucleus and nucleolus by
increasing the anti-oxidative capacity and picking
superoxide and hydrogen peroxide active species
and reducing lipid peroxidation [24].

Free radicals are expected to induce testicular
atrophy, therefore, supplementation of antioxidants
can be considered as alternative method for chelat-
ing therapy [31] . A previous work reported that
selenium has the ability to counteract free radicals
and protect the structure and function of proteins,
DNA and chromosomes against oxidation injury

(6]

The decreased vacuoles in the group treated
with selenium can be interpreted by researchers
who stated that the selenium prevents formation
of vacuoles by reducing the production of free
radicals, via preventing DNA damage and decreas-
ing gene responsible for its damage [32].

Selenium attenuate testicular toxicity by resto-
ration of normal diameters of the seminiferous
tubules and by decreasing necrosis and desguama-
tion of spermatogenic cells especially oxidative
damage of Sertoli and Leydig cells [33].

Diet supplementation with selenium has been
associated with beneficial effects on sperm function,
decreased abnormal sperms and infertility in rats
(34].

Conclusion:

 Sildenafil citrate has atoxic effect on all of the
germinal cells.

» Administration of selenium partially prevents
these toxic effects.
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