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ABSTRACT

Introduction: Chemotherapy may result in temporary or permanent gonadal toxicity in male patients. Loss of fertility
potential can be devastating to patients, especially, during the child-bearing period.

Aim of Work: The present study was planned to investigate the possible protective effect of melatonin, in a rat model of
cisplatin-induced testicular toxicity.

Materials and Methods: Forty five adult male albino rats (180-200 grams each) were divided into four groups; Group I Control
(n=15) received 0.9% sodium chloride and/or distilled water as a vehicle. Group II (n=10) were injected intraperitoneally
(I.P.) with a single dose 7 mg/kg of cisplatin& were sacrificed after 10 days. Group III (n=10) received melatonin daily orally
at a dose of 8 mg/kg/day for 10 days. Group IV (n=10); oral melatonin administration started 5 days before the single I.P.
injection of cisplatin, followed by continuation of melatonin for further 10 days. Testicular sections were subjected to H&E,
immunohistochemical staining for anti-inducible nitric oxide synthase (iNOS) and anti-androgen receptor (AR).

Results: The study proved the protective effect of melatonin against testicular toxicity, when administered prior to and
concomitant with cisplatin therapy; confirming the anti-oxidant potential of melatonin.

Conclusion: Our findings provide experimental evidence ensuring the protective effect of melatonin, when administered
prior to, and concomitant with the chemotherapeutic agent cisplatin. Meanwhile, melatonin administered alone seemed to
induce injury to the testis.
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INTRODUCTION testicular toxicity that is caused by the high mitotic activity
of spermatogenic cellsi®l. The harmful effects of Cisplatin
on the male fertility include azospermia, abnormalities in
sperm morphology, impairment of spermatogenesis and
reduction of testosterone levels in ratst.

Chemotherapy is an important modality in
cancer treatment. One of the most commonly used
chemotherapeutic agents is the cisplatin that revealed a
powerful effect during management of many cancer types
that affect the human being such as head, neck, lung, AIM OF THE WORK
colorectal, hematologic, ovarian and testicular cancers!".

This study was conducted to assess the possible

Cisplatin has been introduced as main components protective effect of the anti-oxidant drug Melatonin, in a rat
of most of the standard clinical protocols in treatment model of Cisplatin-induced testicular toxicity, as well as to
of different types of cancers, so many laboratory studies elucidate the underlying protective mechanisms, as detected
were conducted to illustrate the molecular mechanisms by biochemical, histological and immunohistochemical
of the anti-tumor effect of this efficient platinum-derived methods.
alkylating agent. As reported from these studies, Cisplatin MATERIALS AND METHODS

mediate its effect mainly during the "S Phase" of the cell
cycle; binding to and causing cross linking of DNA that
initiates cell death through apoptosis, necrosis or both. Drugs
Cisplatin has also been suggested to generate free radicals
by interaction with DNAR.

A- Materials

a) Cisplatin: manufactured by Mylan, France, andwas
purchased from Pfizer chemical company (USA) in the

One of the most serious complications caused by form of vial 10 mg/10 ml. The drug was given IP at a dose
cisplatin, which was reported in different studies, is the of 7 mg/kg single dosel.
Personal non-commercial use only. EJH copyright © 2020. All rights reserved DOI: 10.21608/ejh.2020.21561.1221
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b) Melatonin (MLT): tablet form of melatonin (each
tablet contains 3 mg of melatonin) was used in this study.
It was manufactured by Puritan Pride, INC (USA) and
purchased from Sigma Chemical Company (St Louis,
Missouri, USA). Tablets were crushed, dissolved in
distilled water and were given orally at a dose of 8 mg/kg/
day for 10 days by the use of a gastric tubel®l. Each tablet
was dissolved in water.

Animals

The study was performed at the Animal House of
Kasr-Al Aini School of Medicine, according to the ethical
guidelines for the Care and Use of Laboratory Animals.
Total number of forty five adult male albino rats (12 weeks
old) was used in this study, with weight range between 180
and 200 (185 + 1.25) grams. They were housed in hygienic
stainless steel cages and kept in clean well-ventilated
room. They were fed standard chow diet and allowed free
access to water.

Experimental design
Animals were divided into the following groups
Group I (Control Group): (15 rats)

Subgroup la:- received 0.9% sodium chloride (the
vehicle of cisplatin) daily for 10 days.

Subgroup 1b:- received distilled water (the solvent for
melatonin). daily for 10 days.

Subgroup lc:- received distilled water for 5 days, then
distilled water and 0.9% sodium chloride for another 10
days.

Control rate received vehicle by the same route of drug
administration and were sacrificed with the corresponding
experimental groups.

Group II (Cisplatin-Treated Group):(10 rats) were
injected L.P. with a single dose of cisplatin 7 mg/kg. Rats
were sacrificed 10 days after cisplatin injection.

Group III (Melatonin-Treated Group): (10 rats)
received melatonin daily orally at a dose of 8 mg/kg/day at
5:00 pm for 10 days.

Group IV (Melatonin Pre-treated / Co-Treated Group):
(10 rats). Oral melatonin administration started 5 days
before the single I.P. injection of cisplatin, followed by
continuation of MLT therapy for further 10 days. Rats were
sacrificed 10 days after cisplatin injection.

B- Methods
1- Serological Investigations

Tail vein blood samples were collected at day zero
and at the end of each experimental period, for measuring
hormonal profile of serum Testosterone by ELISA
(Biosource, TM, ELISA Kits, USA)"! performed at the
Biochemistry Department, Faculty of Medicine, Cairo
University.

II-Sample Collection & Processing

Phenobarbital at a dose of 60 mg/kg was used to
anaesthetize rats by injection through I.P. routel®.. Rats were
sacrificed and both testes from each rat were dissected out.

For biochemical analysis, right testes were minced,
homogenized and centrifuged®. The supernatant was used
to measure "markers of oxidative stress":

i. Malondialdehyde (MDA): this aldehyde is used
as a biomarker to measure the level of oxidative
stress in cells!'”, Lipid peroxidation was assessed
by measuring MDA in testicular tissues using the
thiobarbituric acid method!".

ii. Superoxide: It is deployed by the immune system
to kill invading microorganisms!'?. Estimation
of superoxides was done using colorimetric
method!".

Left testes were processed for light microscopic
studies. Left testes were fixed in Bouin’s solution for 24
hours at room temperature, and after that ascending grades
of alcohol (70%, 95%, 100%) were used to dehydrate the
specimens, cleared in xylene then embedded into paraffin
wax (Histology Department, Faculty of Medicine, Cairo
University). Paraffin blocks were cut at 5 um thickness,
using Leica rotator microtome (Germany).

For evaluation of testicular changes after cisplatin
therapy and the effect of MLT consumption, with exposure
to the following stains:

A. Hematoxylin and Eosin stain!'4,

B. Immunohistochemical staining using the avidin—
biotin peroxidase complex technique!™ for
detection of:

1. Inducible nitric oxide synthase (iNOS): group of
enzymes used to produce nitric oxide (NO) from
L-arginine!'®l.

2. Androgen Receptor (AR): Androgen receptor is
a member of the superfamily of ligand responsive
transcription regulatorst'”,

1I1) Quantitative Morphometric Study

In every specimen, the following parameters were
evaluated by a Leica Qwin 500 LTD image analysis
computer system, (Cambridge, UK):

1. Height of seminiferous epithelium (measured in
microns in H&E-stained sections), extending from
the basement membrane of the seminiferous tubule
towards the lumen.

2. Mean optical density of inducible nitric oxide
synthase (iNOS) immunoreactivity (measured in
iNOS-immunostained sections).

3. Mean area % of androgen receptor
immunoreactivity (measured in
immunostained sections).

(AR)
AR-
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1V) Statistical Analysis

Data were tabulated and statistically analyzed to
evaluate the difference between the groups under study as
regards the various parameters. Correlations were evaluated
in between the essential studied parameters. The statistical
analysis included; the arithmetic mean, standard deviation,
analysis of variance (ANOVA). The probability (P) value
obtained from statistical tables was directly supplied by
the computer using SPSS (Statistical Package for Social
Sciences), Windows Version 16, Chicago, USAS],

RESULTS

(1) Results of Serological Investigations

Measurement of Hormonal Profile of Serum Testosterone
Level (ng/ml) in the Studied Groups (Table 1, Histogram1)

A significant reduction in serum Testosterone level
was reported in the cisplatin-treated group (group II), in
comparison to the control value; representing the least
value recorded for serum testosterone level.

Testosterone value in the melatonin-treated group was
comparable to control group and was significantly higher
in comparison with the chemotherapy treated group. In
the combined therapy group, mean testosterone value
still represented a significant increase as compared to the
cisplatin- treated group, but without significant difference
as compared to either the control or melatonin-treated
groups.

(I) Results of Biochemical Analysis for
measurement for markers of Oxidative Stress :
(Table 2, Histograms 2,3)

A significant increase in the mean values of
malondialdehyde (MDA) and superoxide was reported in
the cisplatin-treated group, in comparison with the control
value; representing the highest values recorded for MDA
and superoxide levels.

In the combined therapy group, mean MDA and
superoxide values represented a significant decrease as
compared to the cisplatin- treated group, but still presented
significant increase as compared to the control as well as to
the melatonin-treated group.

(111) Histological Results

Hematoxylin and Eosin-Stained Sections

(Figures 1A and 1B)

The histological pictures of the 3 subgroups of the
control group were comparable to each others.

Histological examination of the control testicular
sections revealed the normal closely packed seminiferous
tubules with regular outline and regular thin basement
membrane, and the intervening loose vascular interstitial
tissue containing Leydig cells. Each tubule was lined with
a complex stratified germinal epithelium that contained
all types of spermatogenic cells including spermatogonia;

both dark type with condensed chromatin & pale type with
dispersed chromatin, primary spermatocytes arranged in
one or two layers, spermatids arranged in several layers
and spermatozoa. The tubules were also lined by Sertoli
cells.

Sections of cisplatin-treated group (group II) revealed
loss of the normal architecture of the seminiferous tubules,
with marked distortion and irregular outline of most of
the tubules and relative widening of the interstitial spaces.
Separation and dispersion of the lining spermatogenic
cells was more observed in tubules where BM showed
discontinuity. Most primary spermatocytes exhibited dark
stained nuclei and deep acidophilic cytoplasm. Spermatids
were irregularly dispersed. Vacuolations were detected
inside the tubules and few sperms were intermingled with
shreds of cytoplasmic fragments.

Sections of melatonin-treated group (group I1I) showed
that most of the seminiferous tubules exhibited regular
outline, but relatively wide areas of interstitial tissue
between the tubules. In some tubules, areas of separation
of spermatogenic cells were observed. Tails of maturing
spermatozoa were observed projecting into the Lumina of
most of the tubules. Most spermatogonia exhibited dark
nuclei. Then, primary spermatocytes, in one or two layers,
showed fragmented nuclear chromatin. Several layers of
spermatids were evident, they often exhibited margination
of nuclear chromatin.

Sections of the combined cisplatin and melatonin
(Figures la.1b.1c.1d) treated group (group IV) showed that
most of the seminiferous tubules exhibited regular outline
and were separated by relatively wide areas of interstitial
tissue containing loose vascular C.T. However, some of the
tubules showed areas of spermatogenic cell loss. Tails of
maturing spermatozoa were observed projecting into the
lumina of most of the tubules. Tubules were lined with the
different stages of spermatogenic cells. However, some of
the primary spermatocytes exhibited dark pyknotic nuclei
and deep acidophilic cytoplasm. Spermatids were arranged
in several layers and exhibited central rounded vesicular
nuclei.

(V) Immunohistochemical Results
a) Anti-iNOS Stained Testicular Sections (Figure 3)

Examination of anti-iNOS immunostained
testicular sections of the control group revealed
negative immunoreactivity of all the cells lining the
seminiferous tubules, representing the different stages
of spermatogenesis, as well as Sertoli cells. Interstitial
Leydig cells exhibited positive immunostaining in the
form of moderate brown cytoplasmic reaction. Sections of
the cisplatin-treated group revealed that the cytoplasmic
processes of some Sertoli cells exhibited moderate to
intense immunoreactivity to iNOS. Myoid cells and
interstitial cells of Leydig exhibited intense brown
immunoreactivity. Endothelial lining of blood vessels also
demonstrated intense immunoreactivity.
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Testicular sections of groups III & IV revealed that
cytoplasm of all the spermatogenic cells lining seminiferous
tubules demonstrated negative iNOS immunoreactivity
(a picture almost comparable with that of the control
group). Few processes of Sertoli cells exhibited iNOS
immunostaining. Interstitial cells of Leydig exhibited
moderate cytoplasmic immunoreactivity (Figure 2).

a) Anti-AR Stained Testicular Sections (Figure 4)

Examination of anti-AR immunostained testicular
sections of the control group showed positive nuclear
AR immunoreactivity in the myoid cells surrounding the
seminiferous tubules, as well as in the Sertoli cells & their
processes and interstitial cells of Leydig. Spermatogenic
cells lining the seminiferous tubules expressed negative
immunoreactivity.  Cisplatin-treated group revealed
negative nuclear AR immunoreactivity in Sertoli cells,
myoid cells, Leydig cells as well as in the spermatogenic
cells.

Melatonin ~ treated  group  showed  anti-AR
immunoreactive nuclei of some Sertoli cells. Some
Interstitial cells of Leydig exhibited positive nuclear
immunoreactivity, while nuclei of myoid cells expressed
negative immunoreactivity.Combined group revealed
positive nuclear AR immunoreactivity in the myoid cells,
as well as in Sertoli cells & their processes and interstitial
cellsof Leydig. Spermatogenic cells lining the seminiferous
tubules, expressed negative immunoreactivity (Figure 3).

(IV) Morphometric Results

a- Height of seminiferous epithelium, extending from
the basement membrane of the seminiferous tubule towards
the lumen (measured in microns): (Histogram 4)

The mean height of seminiferous epithelium was
92.7 (£ 10.2) in the control group. This value decreased
significantly to reach 30.5 (£ 5.7) in cisplatin-treated
group, as compared to the control group; representing the
least value recorded for the mean height of seminiferous
epithelium. The value in the Melatonin treated group was
comparable to control value(83.7+ 8.6) with no significant

B
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difference. Significant increase (85.2 + 8.6) was seen in the
combined therapy group when compared to the cisplatin-
treated group.

However, the value reported for epithelial height in
melatonin-treated group, and in the combined therapy
group, did not represent a significant difference as
compared to the control group, or as compared to each
other.

b -Mean optical density of iNOS': (Histogram 5)

The mean optical density of iNOS (£SD), measured in
iNOS-immunostained sections, was 0.25 (+ 0.006) in the
control group. This value showed a statistically significant
increase to reach 0.49 (£ 0.012) in cisplatin-treated group,
as compared to the control group; representing the greatest
value recorded.Melatonin treated group showed increase
to reach 0.36 (£ 0.009), which was significantly higher as
compared to control group.

Significant change was demonstrated (0.32 £ 0.008)
in combined therapy group, as compared to the cisplatin-
treated group. This value was decreased as compared to
cisplatin-treated group, but still significantly higher than
value of control. Melatonin-treated group and combined
therapy groups, showed no significant difference between
them.

The mean area % of AR immunoreactivity was 14.4
(£3.2) inthe control group. This value showed a statistically
significant decrease to reach 3.6 (£ 0.6) in cisplatin-treated
group, as compared to the control group; representing the
least value recorded.

The value demonstrated in melatonin-treated group
(12.1£ 2.7), showed no significant difference as compared
to the control, while significant increase was seen in the
combined therapy group (9.4 + 1.3) as compared to the
cisplatin-treated group. Value for combined therapy group
showed no significant difference from melatonin treated
group, but was still significantly lower than control.

Fig. 1: Photomicrographs of sections in the testis: A): Control group
showing regular outline of tubules. The tubules display multiple layers
of spermatogenic cells, with lumina containing sperms. The tubules are
surrounded by loose vascular interstitial tissue. (B): Cisplatin-treated
group showing marked distortion and irregular outline of most of the
seminiferous tubules, with many areas of discontinuity of the BMs (curved
arrows). Fragments of degenerating spermatogenic cells are exfoliated
within the intertubular spaces (star). (C):Melatonin-treated group showing
regular outline of most of the seminiferous tubules. Intervening spaces are
wide and occupied by loose vascular tissue. In some tubules, areas of
spermatogenic cell loss are observed (red stars). (D): Combined group
showing regular outline of most of the seminiferous tubules. Tubules are
separated by relatively wide areas of interstitial tissue containing loose
vascular C.T. However, some of the tubules show areas of spermatogenic
cell loss (red stars). (H&E x100)
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Fig. 2: Photomicrographs of sections in the testis of: (A): Group I showing parts of 3 adjacent seminiferous tubules, lined with spermatogonia [both dark
type (Sgd) and pale type (Sgp), primary spermatocytes (S1), spermatids (S3) and spermatozoa (S4), in addition to Sertoli cells (St). Leydig cells (L) are
located in the interstitial tissue, near blood capillaries (c). (B): Group II showing parts of adjacent seminiferous tubules. In some areas, separation of the lining
spermatogenic cells from the underlying BM is observed (yellow star), while in other areas, discontinuity of the BMs is observed (curved black arrows). The
tubules exhibit many vacuolated areas with spermatogenic cell loss (red stars). Most of the primary spermatocytes (S1) exhibit deep-stained nuclei and deep
acidophilic cytoplasm. Spermatids (S3) are dispersed. Few sperms (S4) are intermingled with cytoplasmic fragments and residual bodies. Dark pyknotic nuclei
are found in the intertubular spaces (short red arrows). Normal appearance of Leydig cells (L). (C): Group III showing part of a seminiferous tubule lined with
the different stages of spermatogenic cells. spermatids exhibit margination of nuclear chromatin (blue arrows). Sperms (S4) are encountered within the lumina.
(D):Group IV showing flattened myoid cells (red arrows). Some of the primary spermatocytes exhibit dark nuclei and deep acidophilic cytoplasm (yellow
arrows). Spermatids exhibit margination of nuclear chromatin (blue arrows). Some areas of the tubules exhibit areas of spermatogenic cell loss (red stars).
Sperms are encountered within the lumen (S4). (H & E x400)

Fig. 3: Photomicrographs of sections in the testis:A): Control group ( I) shows negative iNOS immunoreactivity in the different stages of the spermatogenic
epithelium, and in Sertoli cells (St). Leydig cells (L) and some myoid cells (red arrows) exhibit moderate cytoplasmic immunoreactivity. B):Cisplatin-
treated group (group II) shows that cytoplasmic processes of some Sertoli cells exhibit moderate to intense immunoreactivity (wavy yellow arrows). Myoid
cell (wavy red arrow) and interstitial cells of Leydig (L) exhibit intense cytoplasmic immunoreactivity. Endothelial lining of an arteriole in the surrounding
interstitial tissue also demonstrates intense immunoreactivity (arrowheads). C): Melatonin-treated group (group III) shows negative immunoreactivity in the
cytoplasm of all the spermatogenic cells. Few processes of Sertoli cells exhibit immunostaining (wavy yellow arrows). Interstitial cells of Leydig (L) exhibit
moderate cytoplasmic immunoreactivity. D): Combined group (group IV) shows negative cytoplasmic immunoreactivity in all the spermatogenic cells. Few
processes of Sertoli cells exhibit mild reaction (wavy yellow arrows). Interstitial cells of Leydig (L) exhibit intense cytoplasmic immunoreactivity. (Anti-INOS
immunostaining x 400)
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Fig. 4: Photomicrographs of sections in testis: A):Control group shows positive nuclear AR immunoreactivity in the myoid cells surrounding the
seminiferous tubules (red arrows), in Sertoli cells & their processes (St) and interstitial cells of Leydig (L). Spermatogenic cells express negative
immunoreactivity.B):Cisplatin-treated group shows negative nuclear immunoreactivity in the myoid cells (red arrow), spermatogenic cells, Sertoli cells (St)
as well as Leydig cells (L). C):Melatonin-treated group shows immunoreactive nuclei of some Sertoli cells (St).Some Interstitial cells of Leydig (L) exhibit
positive nuclear immunoreactivity, while nuclei of myoid cells (red arrow) express negative immunoreactivity.D): Combined group shows positive nuclear AR
immunoreactivity in myoid cell (red arrow), as well as in the Sertoli cell & its processes (St) and interstitial cells of Leydig (L). Spermatogenic cells express

negative immunoreactivity.(Anti AR immunostaining x1000)

Table 1: Measurement of Hormonal Profile of Serum Testosterone
Level (ng/ml) in the Studied Groups

Group Testosterone (ng/ml) = SD
Group I (Control) 3.74 £0.07*
Group II (Cisplatin) 2.01+0.03™
Group III (Melatonin) 3.26 £0.05*
Group IV (Combined) 3.51+0.09*

* P<0.05 as compared to Control ~ # P <0.05 as compared to Cisplatin

AP <0.05 as compared to Melatonin o P <0.05 as compared to Combined

Table 2: Results of Biochemical Analysis for Measurement of
Markers of Oxidative Stress

Group MDA Superoxide
(nmol/mg) + SD (ng/ml) + SD

Group I (Control) 0.12 +£0.02* 8.1+0.28%
Group II (Cisplatin) 2.18£0.05™ 18.1+3.1°°

Group III (Melatonin) 0.19 £ 0.04% 9.1 £2.1%
Group IV (Combined) 1.37+0.07"* 12.1+2.17%

nmol/mg: nanomol per milligram ng/ml: nanogram per milliliter

Testosterone (ngz/ml)
#
4.0 - #
3.5
3.0
— -no
£ zo0
= 1S
1.0
0.5
0.0 -
CGroup I Group 1L Group IIL Group IV
€« ) 3y P )]

Histogram 1: Comparison between the mean values of Serum
Testosterone (+SD) in the studied groups
* P <0.05 as compared to Control # P < 0.05 as compared to Cisplatin

A P<0.05 as compared to Melatonin o P <0.05 as compared to Combined

MDA (nmol/mg)
2.5
2.0
%ﬂ 1.5
£ 10
=
0.5
0.0
Group 1 Group II Gl'nup m Group l'V
(Control) (Cispl

Histogram 2: Comparison between the mean values of MDA in the
studied groups
* P <0.05 as compared to Control # P < 0.05 as compared to Cisplatin

A P<0.05 as compared to Melatonin o P < 0.05 as compared to Combined
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Superoxide (ng/ml)

20.0 *AO
15.0 - Ay
g #o
g 10.0 - i |—’
s.n | .
0.0 T
Group I ‘Group IT Group III Group IV
(Control) (Cisplatin) (Melatonin) (Combined)

Histogram 3: Comparison between the mean values of Superoxide in the

studied groups
* P <0.05 as compared to Control # P < 0.05 as compared to Cisplatin

A P<0.05 as compared to Melatonin o P <0.05 as compared to Combined

Height of seminiferous epithelium (micromn)

100.0
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Histogram 4: Comparing the mean values of height of seminiferous
epithelium

* P <0.05 as compared to Control # P < 0.05 as compared to Cisplatin

A P <0.05 as compared to Melatonin o P < 0.05 as compared to Combined

iNOS optical density

R

o

*H#

*H#

Group I
(Control)

Group IT

Group IIL
(Cisplatin) (Mel i

Group IV
(Combined)

Histogram 5: Comparing the mean values of iNOS optical density
* P <0.05 as compared to Control # P < 0.05 as compared to Cisplatin

A P<0.05 as compared to Melatonin o P <0.05 as compared to Combined

Area % of AR

12.0
|
~10.0
=
= s.0
6.0
4.0
20 -

0.0
Group I
(Control)

Gl oup lI Gl oup I]] Gro\lp IV

Histogram 6: Comparing the mean values of area % of AR
* P <0.05 as compared to Control # P < 0.05 as compared to Cisplatin

A P<0.05 as compared to Melatonin o P < 0.05 as compared to Combined

DISCUSSION

The mammalian testicle is vulnerable to toxic
environmental and therapeutic agents that decrease
spermatogenesis!'.

In the present study, cisplatin was administered I.P.
at a single dose of 7 mg/kg. The selected cisplatin dose
was based upon results of former studies that could induce
testicular toxicity in ratst2°l.

In the current work, cisplatin administration induced
injurious testicular changes. Most of the tubules exhibited
disarranged cellular layers and were greatly depleted of
germ cells probably due to cell death. The tubules appeared
atrophic exhibiting arrested spermatogenesis at the
spermatogonia or primary spermatocyte level, and several
apoptotic primary spermatocytes were encountered within
most of the tubules. Tubules exhibited vacuolated areas,
possibly occupied previously by germ cells. Cytoplasmic
fragments and residual bodies were present within the
tubules.

Loss of spermatogenic cells in the current work
was verified by morphometric analysis that showed
a statistically significant reduction of the height of
seminiferous epithelium in cisplatin-treated animals, as
compared to the control. According tol!, the height of the
seminiferous epithelium is regarded as are liable feature
for assessment of sperm production.

Similar findings had been reported by" who described
a ‘washed out’ appearance of the seminiferous tubules,
reflecting the degeneration of germinal epithelium and
extensive cell loss that occurred after cisplatin therapy. In
accordance with this finding®, mentioned that treatment
with cisplatin induced loss of germ cells and seminiferous
tubular atrophy.

Reported that cisplatin-based chemotherapy for
testicular cancer resulted in temporary azospermia and
oligospermia in most men, that was reversible in 50% and
80% of the cases at 2 and 5 years respectively™.

It is well-documented that drug-induced germ cell death
is mediated by apoptosis??*. reported at least 3-fold increase
in germ cell apoptosis in cisplatin-treated rats.Cisplatin-
induced germ cell apoptosis resulted in spermatogenic
arrest in the current study. The chemical basis of testicular
injury might be attributed to the ability of this efficient
platinum-derived alkylating agent to act in specific phases
of the cellular cycle against the proliferating germ cells.
Its effect is exerted mainly during the “S” phase, binding
to and causing crosslinking of DNA, which ultimately
triggers apoptosis

Autocrine and paracrine interaction between different
testicular cell types affect the spermatogenesis and the
disruption of AR in an experimental animal gives a clue
about the important role of AR in each type of testicular
cells during spermatogenesis. Reduction of AR in Sertoli
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cells prevent the function of the latter to provide support
and nutrition to the germ cells, with subsequent stoppage
of spermatogenesis arrest at the primary spermatocyte
stage before proceeding into the first meiotic division!!’..

Peritubular myoid cells are from the main receptors
that respond to androgen to mediate the process of
spermatogenesis under androgenic control. Myoid cells
contain ARs and provide a site for androgen signaling®..

In the present work, exfoliation of spermatogenic cells
happened probably secondary to decrease in the number of
germ cells in addition to the retraction of the cytoplasmic
processes of Sertoli cells, which were extending between
the different layers of spermatogenic cells and supporting
them, that finally led to loose arrangement and easily
separation of the cells. The large vacuoles and intercellular
spaces detected in the tubules of the present study were
previously reported®. Mentioned that degenerating
spermatogenic cells in testes exposed to cisplatin
underwent complete lysis after which only cytoplasmic
remnants remained detectable as ‘ghost cells’.

It has been previously reported that free radicals mediate
reactions that are responsible for a wide range of cisplatin-
induced side effects. Reactive oxygen species (ROS) have
been recognized as being involved in the pathogenesis of
cisplatin-induced testicular toxicity!".

Direct measurement of oxidative stress in humans is
difficult because the active oxygen species and free radicals
are extremely short-lived. Instead, lipid peroxidation
products are measured. The accumulation of lipid
peroxidation products has been extensively studied and
implicated in many toxic tissue injuries and in pathological
processes. In particular, the measurement of free MDA
in biological samples from subjects affected by several
diseases has been widely utilized, indirectly implicating
MDA in the pathogenesis of these diseases?®.

Biochemical parameters assessed in this work revealed
a statistically significant elevation in MDA and superoxide
in the testicular tissue of cisplatin-treated animals, as
compared to the control rats. The balance between oxidant
and antioxidant system seems to be disturbed by cisplatin
treatment. These findings go in accordance with other
researchers who reported testicular production of free
radicals after exposure to cisplatin. Cisplatin therapy
induced lipid peroxidation and reduced the activity of
enzymes that protect against oxidative damage in the
testes.

Testicular tissues are very sensitive to ROS effects.
Additionally, sperm membranes consist of dense
unsaturated fatty acids that make spermatozoa sensitive to
oxygen-induced damage mediated by lipid peroxidation
and free radicals®” Elevated levels of ROS may damage
DNA, lipids, proteins and enzymes of the tissue. Cisplatin
has been shown to induce testicular toxicity due to
membrane rigidification and lipid peroxidation. MDA
level®4.

Under conditions of oxidative stress, MDA adducts are
generated. These adducts are also referred to as advanced
lipid peroxidation end-products (ALEs). MDA adducts
are biologically important because they can participate
in secondary deleterious reactions (e.g., cross linking) by
promoting intramolecular or intermolecular protein/DNA
crosslinking that may induce profound alteration in the
biochemical properties of biomolecules and accumulate
during testicular toxicity®!l.

Superoxide dismutase generally dismutases the
superoxide anion radical into hydrogen peroxide which is
degraded by catalase into water and oxygen. Reduction in
the activity of catalase may reflect inability of testicular
microsomes to eliminate hydrogen peroxide produced
after cisplatin treatment. This may lead to disruption of
functional integrity of cell organelles??.

In the present study, melatonin was given orally at a
dose of 8 mg/kg/ day at 5:00 pm. This dose was selected
on the basis of previous results in which the anti-oxidant
action of this agent was apparent’®. Melatonin was given
at a fixed time daily at 5 pm throughout the duration
of the experiment to preserve the circadian rhythm of
melatonin as it is naturally secreted in the dark and this
would promote better melatonin effect33l. Reported that
melatonin fastened neuronal healing and induced better
nerve regeneration when the animals received melatonin
during the dark period at 5:00 pm daily.

In the current study, when melatonin was administered
alone, most of the seminiferous tubules were lined by
several layers of spermatogenic epithelium, although
many cells did not exhibit normal histological appearance.
Spermatids often exhibited margination of nuclear
chromatin. Some apoptotic cells were observed within
some of the tubules. Sertoli cells' processes ramified in
between the developing spermatogenic cells, which might
explain the presence of several layers of spermatogenic
epithelium; being supported by the ramifying processes.
In some tubules, lysis of nuclear chromatin of Sertoli was
evident. Leydig cells in the interstitial spaces exhibited
apparently normal histological appearance.

Margination of nuclear chromatin encountered
in spermatids might represent a stage of cellular
degeneration® reported that margination of chromatin
is a relevant indicator of the cellular state in certain
pathological processes.

On the other hand, testicular sections of the combined
group revealed histological picture comparable to the
control, in the form of regular outline of most of the
seminiferous tubules, which were lined with the different
stages of spermatogenic cells and tails of maturing
spermatozoa were observed projecting into the lumina of
most of the tubules, suggesting improved spermatogenesis,
with increased number of spermatogenic cells and
epithelial thickness; this certainly would be manifested
clinically as improved fertility. However, some of the
tubules showed areas of spermatogenic cell loss and some
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of the primary spermatocytes exhibited dark pyknotic
nuclei and deeply acidophilic cytoplasm. Most of Sertoli
cells appeared normal, while few were distorted and their
cytoplasmic processes were disorganized. Leydig cells
exhibited normal histological appearance. According to
morphometric analysis, a statistically significant increase
in the height of spermatogenic epithelium was reported in
both the group which received melatonin only, as well as
in the combined group, as compared to the cisplatin-treated
group.

Biochemical markers of oxidative stress and lipid
peroxidation products; MDA and superoxide, in both
groups, represented a statistically significant decrease as
compared to the chemotherapy group, indicating activation
of antioxidant defense system induced by melatonin and
decline of oxidative stress. Consistently®], mentioned
that melatonin is a potent antioxidant agent in preventing
testicular post-ischemic reperfusion injury.

To assess the influence of testosterone level on
spermatogenesis in these groups, serological investigations
showed that testosterone value presented a significant
increase in both groups, as compared to the cisplatin-
treated group. However, testosterone level was still
less than the control value, but without statistically
significant difference. This would explain better progress
of spermatogenesis in the mentioned groups. In agreement
with our findings®¥, found that exogenous melatonin
increased the levels of serum free testosterone, LH and
FSH, as well as expression of their encoding genes in male
rats.

Meanwhile, testicular sections stained with anti-
AR antibody in the melatonin-treated group revealed
immunoreactive nuclei of some of Sertoli cells and
some interstitial cells of Leydig, while nuclei of myoid
cells expressed negative immunoreactivity. Testicular
sections of the combined group revealed positive nuclear
AR immunoreactivity in the myoid cells, as well as in
the Sertoli cells & their processes and interstitial cells of
Leydig. Morphometric analysis revealed a statistically
significant increase in the mean area percent of AR in both
groups, as compared to the control value. This finding
would explain improved spermatogenesis with melatonin
administration prior to and concomitant with cisplatin,
through upregulation of AR in Sertoli cells, myoid cells
and Leydig cells.

These data suggest a possible protective effect of
melatonin on testicular architecture, when administered
to patients prior to and during the period of cisplatin
therapy. Melatonin, by exerting antioxidant properties,
could combat the injurious effect of cisplatin on testicular
morphology. However, melatonin administered alone
seems to induce some injurious effects on the testes.
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