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Abstract

Background: Gonadotropin-releasing hormone (GnRH) is a reproductive key
hormone. The GnRH analogues are widely used in in vitro fertilization and
treatment of sex hormone-depended cancers induced by the materials used in
chemotherapeutic agents.

Objective: The aim of this study is to evaluate the effects of cyclophosphamide and
decapeptyl (analogues of GnRH) on histomorphometry and stereology of testicular
tissue as well as gonadotropic and gonadal hormones indices in mice.

Materials and Methods: For this study, 24 adult male Balb/C strain mice were
divided in four groups; first, cyclophosphamide (65 mg/kg/body weight (BW)),
second, decapeptyl (0.05 mg/kg/BW), third, decapeptyl at first, and after 10 days of
cyclophosphamide injection, and control group was received same volume of sterile
saline. In order to evaluate the tissue changes in testes of the mice, sections were
prepared and stained with Hematoxylin-Eosine, Periodic Acid Schief's (PAS) and
Oil-Red-O staining techniques.

Results: The cyclophosphamide causes histomorphologic changes in the testicular
tissue; whereas such changes by decapeptyl were comparatively mild. The
morphometric results revealed significant reduction in diameters of seminiferous
tubules (p=0.02), and the stereological results confirmed significant differences in
spermatogenesis (SI) as well as rate of tubal differentiation (TDI) indices between
experimental and control groups (p=0.001). In addition, the morphometric findings
proved that, there are significant decrease (p=0.001) in thicknesses of epithelia and
stereologic result revealed reduction in number of cell layers in both decapeptyl and
chemotherapy groups, but the decrements of these parameters were significant
(p=0.02) in later group. In groups that had received cyclophosphamide, and
decapeptyl alone, the LH and testosterone levels were decreased significantly
(p=0.03), whereas in those that had received decapeptyl along with
cyclophosphamide, the LH and FSH levels showed a decline but the level of
testosterone increased.

Conclusion: These results demonstrated that, analogue of GnRH i.e., decapeptyl
protect morphologic, morphometric, and stereologic alterations of the testes tissue,
as well as gonadotropic and gonadal hormonal changes preceding cyclophosphamide
treatment in male mice.
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Introduction

continuous chronic stimulus by GnRH or
GnRH agonist (2-4). The desensitization of

he gonadotropic releasing hormone

I (GnRH) plays a vital role in the
control of reproduction by stimulating

the release of pituitary luteinizing hormone
(LH) and follicle-stimulating hormone (FSH),
(1). There are differences in responsiveness
of hypothalamus to low intermittent and

gonadotrope cells involves a down-regulation
of pituitary receptors for GnRH by
mechanisms, some of which still remained to
be clarified (5, 6). According to prior reports,
the agonistic analogous of GnRH such as
decapeptyl have gained clinical indications (7-
9).
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Storehouse  formulations of GnRH
antagonists such as cetrorelix and
cyclophosphamide  could become an
important addition to the clinical
armamentarium. Infertility represents one of
the main long-term consequences of
combination chemotherapy given for cancer
disease, and other malignancies (10, 11).
Since dividing cells are known to be more
sensitive to the cytotoxic effects of alkylating
agents than are cells at rest, it has been
suggested that, inhibition of the pituitary-
gonadal axis would reduce the rates of
spermatogenesis as well as oogenesis and
thereby render the germinal epithelium less
susceptible to the effects of chemotherapy
(12, 13).

The possibility of administering an adjuvant
treatment that might limit the gonadal damage
caused by, and otherwise successful
treatment programme is therefore attractive
(14). Glode et al tested this hypothesis using a
murine model and concluded that an agonistic
analogue of GnRH appeared to protect male
mice from the gonadal damage normally
produced by cyclophosphamide (15). The
decreased secretion of the pituitary
gonadotropines, along with decreasing
gonadal function, could protect against the
sterilizing effects of chemotherapy.
Spermatogenesis occurs within the
seminiferous tubules of the testes, and during
this process, male germ cells progress
through three distinct phases.

According to a recent study, the
cyclophosphamide causes significant
decreases in the body, testes and
epididymides weights as well as many
histological alterations, spermatogenic
activities and testicular antioxidant capacity
along with epididymal sperm count and serum
testosterone concentration in adult male rats
(16). More detail studies have been done on
the effects of GnRH and its analogues on the
protection of ovaries against damages of
cytotoxic chemotherapy like
cyclophosphamide in female mice and rats,
but in male mice, less is known about the
possibility for testicular protection through
endocrine manipulation.

Based on the pervious findings, the aim of
this study was to investigate and compare the
effects of GnRH agonist i.e., decapeptyl and
antagonist i.e., cyclophosphamide on the
reproductive system in mouse model.

Materials and methods

For this experimental study, 24 adult and
apparently healthy male Balb C/ mice with
average weight of 20.00£3.00 gr were
obtained from animal house of Veterinary
School of Urmia University. They were housed
in a specific pathogen-free environment under
standard conditions of temperature (25+2°C),
relative humidity (50+10%) and light (12h
light/dark). They were fed with a standard
pellet diet and had free access to water.

Clinical and behavioral observations were
also recorded throughout the study. Animal
work was conducted in compliance with
guidelines for the human care and use of
laboratory animals using protocols approved
by the university. Theluteinizing hormone
releasing hormone (LHRH) agonist
(Decapeptyl) was extended by phosphate
buffer saline (PBS). A depot formulation of the
LHRH antagonist vial containing the 200mg
powder of cyclophosphamide which is solved
in 100 ml of distilled water. After adding saline
(Distilled water), the vial was given severely
shakes till the powder is completely resolved
and a clear, colorless solution is formed.

Group 1 was received a single
cyclophosphamide (65 mg/kg BW) injection
through intraperitoneal route. Group 2 was
received a single dose of Decapeptyl (0.05
mg/kg BW) through intraperitoneal route.
Group 3 was received an intraperitoneal
injection of decapeptyl (0.05 mg/kg BW) at
first, and 10 days after be given single dose of
cyclophosphamide (65 mg/kg BW). Group 4
was received an intraperitoneal injection of the
vehicle (sterile distilled water). 30 days after
commence of experiment, all animals in 4
groups at first were anesthetized by Ether
Vapor, and then their blood collected through
intracardial route. Then immediately the
serum of the samples were separated and put
in deep freeze for further investigations. In the
second step, after expire of all mice, their
abdominal region were cut opened and their
testes taken out and put in Bouin’s solution for
fixation.

Histologic and
experiments

For these purposes the fixed testes were
processed through routine paraffin embedding
technique, cut at 7um thicknesses and stained
by hematoxylin-eosin procedure. By the use of

histomorphometric
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morphometric lens device (Dino lite Capture 1,
Dino Lite Co. French), all the morphometric
parameters including; diameters and epithelial
thicknesses of semniferous tubules (SFTs),
were recorded. The diameters of seminiferous
tubule were measured by using Soudamani et
al formula (17). Tubules in each of 25
randomly selected cross-sections of testes
and the mean tubular diameter, with large and
small diameter of each tubule measured using
a calibrated micrometer lens device
connected to the optical microscope and were
calculated by using the following formula.

meandiameter=,/magnificationx Bx L

L= length (large diameter) and B= width
(small diameter). For spermatogenesis index
(SI), transect of each 100 fields in each group
were studied with light microscopy. The
number of tubules containing spermatozoa
and spermatids were counted. For the
calculation of tubule differentiation index
(TDI), 200 cross-sections of seminiferous
tubules were randomly analyzed in each
mouse (one hundred per testis). TDI is the
percentage of seminiferous tubules containing
at least four differentiated germ cells (18).

The average number was calculated for
each group according to Meistrich et al
procedure (19). Results are expressed as
MeantSEM. For the statistical analyses of
data the computer software SIGMASTAT was
used. In results were subjected to one-way
ANOVA, followed by Bonferroni t-test, and
p<0.05 was accepted as statistically
significant.

Histochemical experiments

Periodic Acid Schiff (PAS): for the
identification and qualification of
polysaccharides and inert mucous compounds
in testicular tissues, the formalin fixed and
paraffin embedding technique was used (20).

Oil-Red-O: For this purpose, frozen
sections were prepared by cryostat. The most
of exogenous and endogenous lipid
compounds such as phospholipids, saturated
lipids and sterols are identifiable by this
method (21). For the recognition of the
steroids in the leydig's cells the Oil-Red-O
technique was adopted by frozen sectioning
(22).

The hormonal assays: The assays of LH
and FSH (Pishtaz Teb kits, Zaman
Diagnostics Tehran, Iran), were carried out on
blood serum by using an ELISA technique,
and testosterone assay were carried out on
blood serum by ELISA Kkit(Testosterone
ratmouse ELISA kit, Cat.'No.: DEV9911,
Demeditec Diagnostics GmbH, Germany). For
the LH intra-assay and inter-assay, Iif
frequency of repetition was 24, the amount of
SD (in international units per liter) was 0.53
and 0.45, respectively. For FSH intra-assay
and inter-assay, if the frequency of repetition
was 24, the amount of SD was 0.14 and 0.45
IU/L, respectively.

Statistical analysis

Results are expressed as MeantSE.
Differences between groups were assessed
by the analysis of variance (ANOVA) using the
SPSS software package for Windows.
Statistical significance between groups was
determined by Tukey multiple comparison
post hoc test and the p<0.05 were considered
to be statistically significant.

Results

Histomorphological findings

In the control group, all histomorphological
features in the seminiferous tubules (SFTs)
were normal and no abnormality was
observed (Figure 1-A). In test group 1, which
received cyclophosphamide at rate of 65
mg/kg BW, the degenerative and destructive
sings were higher than other groups (Figure 1-
B). In test group 2, which received decapeptyl
at rate of 0.05 mg/kg BW, no apparent
changes in the seminiferous tubules and/or in
spermatogonia were observed under light
microscopy. Accumulations and clumping of
the spermatozoa were also seen in the center
of the STs (Figurel-C).

In test group 3, which received
cyclophosphsmide+ decapeptyl, the
degenerative and destructive sings were
declined in comparison to test group 1 (Figure
1-D). In the control group, all of
histomorphological features in the
seminiferous  tubules (SFTs) including
spermatogonia types A and B, spermatocytes
type |, spermatids and spermatozoa were
normal and no abnormality was observed
(Figure 2-A).
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In test group 1, which received
cyclophosphamide at rate of 65 mg/kg BW,
the degenerative and destructive sings were
higher than other groups and the population of
all cell types, including spermatogonia types A
and B, spermatocytes, spermatids and
spermatozoa were significantly reduced
(Figure 2-B). In test group 2, which received
decapeptyl at rate of 0/05mg/kg BW, no
apparent changes in the cell populations of
seminiferous tubules were seen (Figure 2-C).

In test group 3, which received
cyclophosphsmide +  decapeptyl, the
degenerative and destructive sings were
declined in comparison to test group 1,
however here a little histological changes
were present (Figure 2-D). In control group, all
histomorphological features in the STs and
leydig's cells were normal (Figure 3-A). In test
group 1, which received cyclophosphamide at
rate of 65 mg/kg BW, the degenerative and
destructive sings were seen in spermiogenic
lineage as well as interstitial cells (Leydig's
cells) (Figure 3-B).

In test group 2, which received decapeptyl
at rate of 0/05mg/kg BW, no evident changes
in the seminiferous tubules and leydig's cells
were seen (Figure 3-C). In test group 3, which
received cyclophosphsmide+ decapeptyl, the
degenerative and destructive sings were
declined in comparison to group 1 (Figure 3-
D).

Morphometric findings

There were significant decrease (p=001) in
thicknesses of epithelia in both decapeptyl
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Figure 1. A: cross section from testis of the mice belonging to the contr
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and chemotherapy groups, but the
decrements of these parameters were
significant (p=0.02) in later group. The group
which received cyclophosphamide, were
showing significantly (p=0.02) decrease in the
mean diameter of SFTs in comparison to the
controls. Meanwhile, in decapeptyl treated
group sharp increase in this parameter was
evident (Figure 4-A).

The group which received
cyclophosphamide, were showed significantly
(p=0.001) decrease in TDI in comparison to
the controls. Meanwhile, in decapeptyl treated
group sharp increase in this parameter was
evident, and in cyclophosphamide+
decapeptyl group the restoration of this
parameter was reached to the level of controls
(Figure 4-B). In all of test groups, the
spermatogenesis index (Sl) was significantly
(p=0.001) declined in comparison to the
controls (Figure 4-C).

Hormonal assays

There was not significant (p>0.05)
alterations in the levels of FSH in control and
different test groups (Figure 5-A). There was
significant (p=.03) decrease in the levels of LH
in cyclophosphamide and cyclophosphamide+
decapeptyl groups (Figure 5-B).

There was significant (p=0.03) decrease in
the level of testosterone in group which
received cyclophosphamide, whereas there
was significant (p=0.03) increase in the level
of this hormone in decapeptyl group in
comparison to the all other groups (Figure 5-
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Figure 3. A: cross section from testis of the mice belonging to the control , B; cyclophosphamide treated C: decapeptyl treated D:
the cyclophosphamide + decapeptyl treated groups. The Semniferoustubles ( ¥ ), and Leydigs' Cells ( § )Oil Red O X250.
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Figure 4. A: comparative representation of the mean diameters of somniferous tubules, B: the tubule diffirentation index (TDI) of the
somniferous tubules, C: Spermatogenesis index (SI) in controls and test groups.
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Figure 5. A: the FSH levels, B: the LH levels C: the testosterone levels in control and different test groups.

Discussion

For assessment and confirmation of the
cyclophosphamide and decapeptyl (analogues
of GnRH) effects on the stereology of
testicular tissue as well as gonadotropic and
gonadal hormones indices in mice, this study
was planned and performed. The results
confirmed that, cyclophosphamide causes
histomorphologic changes in the testicular
tissue; whereas by the uses of decapeptyl, the
changes were comparatively milder.

The morphometric as well as stereological
results were revealed significant reduction in
diameters of seminiferous tubules,
spermatogenesis (Sl) as well as rate of tubal
differentiation (TDI) indices in experimental
groups, but these reductions were enhanced
in group which received cyclophosphamide
alone. The reductions in the levels of the FSH
in test groups in comparison to controls were
not significant, whereas, the levels of LH, in all
of test groups particularly, in those received
the cyclophosphamide alone, were highly
reduced. The level of testosterone in group
which received the cyclophosphamide alone
was highly reduced, but in test group which
received the decapeptyl alone, was highly
increased. The level of testosterone in group

which  received cyclophosphamide plus
decapeptyl almost increased to level in control
group.

According to Meistrich et al the
chemotherapy affecting the spermatogenic
functions of testicular tissue, and the fast
dividing cells in this tissue including
spermatogonia are more susceptible to this
cytotoxic possessions (23). As declared by
Baker et al in the majority of the patients with
testicular germ cells tumor, the sperm count is
reduced (24). The germinal epithelium of the
adult testis is more susceptible to damage
than that of the prepubertal testis, and in
contrast to naturally occurring GnRH, the
GnRH agonists, after producing an initial
stimulation of gonadotropin release for
approximately 2 weeks, lead to GnhRH
receptor down-regulation and thereby to
supress of gonadotropins and sex hormones
(25).

According to report of Waxman et al in
contrast, GnRH antagonists cause competitive
blockage of pituitary GnRH receptors and lead
to an immediate and effective suppression of
LH, FSH, and gonadal hormones (26).
Cyclophosphamide  affects the  rapidly
proliferating cells in the seminiferous tubules
due to its cytotoxic property, and would
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hypothetically reduce the number of
spermatozoa that would be produced when
the testes become functional.
Cyclophosphamide when given at a low dose
for only 1 week, produces an increase in post-
implantation loss, suggesting that the drug
may affect spermatozoa after they have left
the testis while they are maturing in the
epididymis (27).

According to the results of previous reports,
the dividing cells are more sensitive to the
cytotoxic effects of alkylating agents than the
cells at rest, and it has been suggested that
inhibition of the pituitary-gonadal axis would
reduce the rate of spermatogenesis as well as
oogenesis, thus rendering the germinal
epithelium less susceptible to the effects of
chemotherapy (12, 13).

According to Waxman et al
supplementation of chemotherapeutic agent
by an adjuvant could limit the gonadal
damages after treatment programme (26).
Glode et al experienced this suggestion using
a murine model and concluded that an
agonistic analogue of GnRH appeared to
protect male mice from the gonadal damage
normally produced by cyclophosphamide (15).

The results of this investigation revealed
that, the cyclophosphamide reduces the
population of germ cells linage including
spermatogonia, spermatocytes, spermatids as
well as spermatozoa. Peirouvi et al reported
that there is no significant difference in
diameters of tubules between experimental
(were received GnRH agonist) and control
groups, but significant difference in lumen
diameter, thickness of epithelium and the
number of cell layers in seminiferrous tubules
are obvious (27, 28). Nseyo et al reported a
recovery of spermatogenesis in a dog
pretreated with the GnRH agonist i.e.,
buserelin, 6 months after exposure to this
agent (29).

Our results revealed that, treatment with
decapeptyl returns the microarchitecture and
cellularity of SFTs to almost normal level.

According to a report, buserelin failed to
preserve fertility in men and women treated
with  cytotoxic  treatment  with  their
cyclophosphamide for Hodgkin’s disease (26).
The results of our study revealed that is
difference in the spermiogenesis index, tubule
differentiation index and seminiferous tubular
diameter after exposure to
cyclophospghamide. Satoh et al also reported
the same results (30).

In a normal status, secretion of GnRH from
hypothalamus stimulating the anterior pituitary
gland to produce FSH and LH which in turn
bring about gonadal hormones secretions
(testosterone and estrogen) in testes.
Reduced hypothalamic sensitivity to negative
feedback effects of androgens increases
GnRH secretion and consequently the amount
of gonadotropin and androgen secretion
increases which cause testicular growth and
the incidence of other secondary sex
characteristics (8). Decapeptyl which is one of
the synthetic GnRH analogues which is used
in treatment and control of reproductive
system disorders in males and females.

GnRH  analogues  with  continuous
stimulation of GnRH secretion, inhibits the
decrement in secretion of LH and FSH
hormones (31). A GnRH analogue increases
the secretion of LH and FSH in first injection,
but thereafter, despite the presence of GnRH,
gonadotropin  secretion decreases (32).
Gonadotropin receptors are located on the
testis and seminiferous tubules, decreased
spermatogenesis which is caused by the
chemotherapic agent disrupts the pituitary
gonadal axis. In the mice chemotherapy the
level of FSH is controlled based on
spermiogenesis. Because the inhibition of
meiosis by the chemotherapic agent, the
spermiogenesis phase is quite impossible to
observe (33, 34). In the present study the
levels of FSH and more distinctly LH are
reduced, consequently the spermatogenesis
negatively  affected by chemotherapy.
According to Brinkworth cyclophosphamide-
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induced genetic damage to cells causes
sexual harm (35).

According to Masta et al cross connections
in the active parts of chromosomes are
damage in chemotherapy (36). Evidences
show that, the damages to the DNA of the
male sex cells caused by chemicals and drugs
lead to gene mutations and consequently
congenital malformation which are
transferable (35). Men treated with anticancer
drugs are more likely to experience
permanent infertility and defects in the gonads
(37). Since the male sex cell division rate is
very high, thus it is sensitive to anti-cancer or
antimitotic agents. The results of this study
confirmed that tissue damages in testicular
tissue are higher in cyclophosphamide treated
group than in the group treated with
cyclophosphamide plus decapeptyl and, so
the diameter of the seminiferous tubes in the
group treated with cyclophosphamide was
reduced whereas, the diameter of this tubules
was significantly increased in decapeptyl
treated group. One can conclude that the
decapeptyl has protective effect on
seminiferous tubules damages in
consequence to cyclophosphamide treatment.
These findings are consistent with results of
the previous reports (38, 39).

In most of the cases, azoospermia and
oligospermia are consequents of cancer
therapy in males. According to Howell and
Shalet, the germinal epithelium in the testis is
more vulnerable to chemotherapy than those
of mature adult cells (25). The results of this
study were revealed that, the differentiation
factor for testicular seminiferous tubules in the
group treated with  cyclophosphamide
significantly was reduced. The loss was more
enhanced in cyclophosphamide compared
with a decapeptyl, and control groups,
whereas the group that has received
decapeptyl along with cyclophosphamide, the
damage was milder.

The damages caused by chemotherapy or
radiation therapy could be on somatic cells of

the testis, like as Sertoli and leydig’s cells
(40). Our results on the investigation of the
leydig's cells were revealed that in the
cyclophosphamide group the destruction of
these cells are taking place. The abnormal
testosterone levels following chemotherapy
are due to the leydig's cells damages which is
a side effect outcome of the chemotherapy
(41-43). Since the testosterone is a key
hormone for proper function of the accessory
sex glands in the male mice, thus destructive
effects of chemotherapic agent, here
cyclophosphamide, on these glands, will
negatively directs the function of these gland
and thus would reduce in reproductive
potentials.

According to previous reports (41, 43) and
results of this study decapeptyl has restorative
and ameliorative effects on the destructive
outcomes of the chemotherapy. In this study,
a significant reduction in serum testosterone
levels in the group treated  with
cyclophosphamide was observed, which is a
clear evidence of toxic effects of this drug on
the leydig's cells.

The present study showed that,
chemotherapy with cyclophosphamide in male
mice cause changes in the testes histology
and treatment with decapeptyl brings about
protection of seminiferous tubules.
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