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Ali Shalizar Jalali* Ph.D., Gholamreza Najafi' Ph.D., Mohammadreza Hosseinchi? Ph.D., Ashkan
Sedighnia?D.V.M.

1.Department of Basic Sciences,
Faculty of Veterinary Medicine,
Urmia University, Urmia, Iran.

2.Department of Basic Sciences,
Faculty of Veterinary Medicine,
Urmia Branch, Islamic Azad
University, Urmia, Iran.

Abstract

Background: Stanozolol (ST) is a synthetic anabolic-androgenic steroid often
abused by athletes. An increasing body of evidence points towards the role of ST
misuses in the pathogenesis of a wide range of adverse effects including
reprotoxicity.

Objective: The aim of this study was to analyze the possible reproprotective effect
of royal jelly (RJ) as an efficient antioxidant in ST-treated mice.

Materials and Methods: Adult male mice were divided into four groups (n=>5).
Two groups of mice received ST (4.6 mg/kg/day) via gavage for 35 days. RJ was
given orally to one of these groups at the dose level of 100 mg/kg body weight per
day synchronously. Untreated control group and RJ-only treated group were also
included. Epididymal sperm characteristics and in vitro fertilizing capacity were
evaluated after 35 days.

Results: ST treatment caused a significant (p<0.05) decrease in sperm count and
motility and fertilization rate along with poor blastocyst formation and increased
sperm DNA damage. Moreover, the incidence of apoptosis and abnormality in
spermatozoa was significantly (p<0.05) higher in ST-exposed mice than those of
control. The above-mentioned parameters were restored to near normal level by RJ
co-administration.

Conclusion: Data from the current study suggest that RJ has a potential repro-
protective action against ST-induced reproductive toxicity in mice. However,
clinical studies are warranted to investigate such an effect in human subjects.
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Introduction these reports, it has been proven that

stanozolol (ST) as an active nutritional 17a-
idespread abuse of anabolic-
Wandrogenic steroids (AASs) has

caused great concern because of
the large adverse systemic and psychological
effects of these compounds (1). There is
evidence that 3-12% and 1-2% of adolescent
males and females living in the Western world
admit to the former or present non-medical
use of AASSs, respectively (2). Despite the use
of AASs being prohibited in the organized
sports, their abuse is also found in over 50%
of positive doping cases (3).

Although, AASs have established their
efficacy in treating anemias, osteoporosis,
muscle-wasting conditions and AIDS-related
cachexia, a growing body of evidence
indicates that supraphysiological doses of
AASs are associated with psychiatric,
cardiovascular, hepatic, endocrine and
reproductive disorders (4-11). Consistent with

alkylated AAS causes endocrine system
dysfunction and reproductive toxicities in
humans and experimental animals (12-14).

On the other hand, accumulating evidence
demonstrates the effectiveness of natural
remedies with  antioxidant and anti-
inflammatory activities against drug-induced
reproductive toxicities (15-17). Royal jelly (RJ)
a secretion product of the cephalic glands of
worker honeybees, is a highly efficient
antioxidant and possesses prominent free
radical scavenging property (18, 19).
Moreover, multiple independent studies have
emphasized that in addition to the antioxidant
action, RJ has pleiotropic effects, including its
beneficial antitumor, antibiotic,
immunomodulatory and anti-inflammatory
activities (20-23).

Although previous reports have indicated
that RJ has significant positive effects on the
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reproductive system and fertility, less attention
has been directed towards disclosing its
potential in protection against drug-induced
sperm apoptosis and embryo toxicity (24, 25).
In line with that, the objective of this study was
to elucidate the possible repro-protective
effect of RJ against reproductive toxicity
caused by ST exposure in mice.

Materials and methods

Animals

In this experimental study, 20 healthy adult
male Naval Medical Research Institute (NMRI)
mice, weighing 23+1.1 gr, were obtained from
the Animal House, Faculty of Veterinary
Medicine, Urmia University, Urmia, Iran. The
animals were placed in clean polycarbonate
cages in a specific pathogen-free and well-
ventilated room. Animal room temperature
and relative humidity controls were set at
22+2°C and 50+10%, respectively. Lighting
was controlled to give 12 hr light and dark
cycles. The animals were supplied with
standard laboratory chow and tap water ad
libitum throughout the experiment. The
experimental procedures were carried out in
accordance with international guidelines for
care and use of laboratory animals and
approved by the Ethical Committee of Urmia
University.

Treatment

After 1-week acclimatization, the mice were
randomly assigned to four equal groups each
comprising five animals and treated orally for
35 days as follows: 1) untreated control, 2)
treated with ST (4.6 mg/kg/day), 3) treated
with RJ alone (100 mg/kg/day) and 4) treated
with RJ (100 mg/kg/day)+ ST (4.6 mg/kg/day).
The protocol for this study, including doses
and duration of treatment for ST and RJ, were
all designed according to previous studies (26,
27).

Sampling

Animals were euthanized following
anesthesia with a mixture of ketamine (45
mg/kg; IP) and xylazine (35 mg/kg; IP) 24 hr
after the final treatment. A vertical midline
lower abdominal incision was made and
epididymides were carefully dissected out and
cleaned of adhering connective tissue under a
20-time magnification provided by a stereo
zoom microscope (Model TL2, Olympus Co.,
Tokyo, Japan).

Sperm characteristics

Epididymal sperms were collected by
chopping one caudal epididymis in 1 ml of
human tubular fluid (HTF) solution and
incubated for 10 minutes at 37°C in an
atmosphere of 5% CO, incubator to allow
sperm to swim out of the epididymal tubules.
In order to assess the sperm motility, one drop
of sperm suspension was placed on a
microscope slide, and a cover slip was placed
over the droplet. At least 10 microscopic fields
were observed at 400x magnification using a
phase contrast microscope, and immotile
sperms percentages were calculated (28).

The epididymal sperm counts were
obtained by the standard hemocytometric
method as described previously (29). Briefly,
after dilution of epididymal sperm to 1:20 in
HTF medium, approximately 10 pl of this
diluted specimen was transferred to each of
the counting chambers of the hemocytometer,
which was allowed to stand for 5 minutes in a
humid chamber to prevent drying. The cells
sedimented during this time and were counted
with a light microscope at 400x. The sperm
count was expressed as number of sperm per
milliliter.

Acridine orange (AO) staining was used to
assess the cauda epididymal sperm DNA
denaturation. For the analysis of sperm DNA
integrity with fluorescence microscopy, thick
smears were fixed in Carnoy's fixative
(methanol: acetic acid 1: 3) for at least 2
hours. The slides were stained for 5 minutes
and gently rinsed with deionized water. 200
sperms were evaluated and sperm heads with
denatured chromatin displayed an orange-red
fluorescence when compared to those with
intact chromatin  which emitted green
fluorescence (30).

Evaluation of sperm abnormalities was
performed as described previously (31).
Sperm smears were prepared on clean and
grease free slides, allowed to air-dry
overnight, stained with 1% eosin-Y/5%
nigrosin and examined at 400x magnification
for morphological abnormalities.
Teratozoospermia index (TZI) is defined as
the number of abnormalities present per
abnormal spermatozoon. Each abnormal
spermatozoon can have one to four
abnormalities, including head, neck/midpiece
and tail defects or presence of cytoplasmic
residues. The spermatozoa are recorded as
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normal or abnormal and distributed into
specific groups (head, neck/midpiece and talil
defects or cytoplasmic residues groups). The
total number of abnormalities is then added
together and divided by the number of
abnormal spermatozoa (32).

Quantification of sperm apoptosis

Phosphatidylserine (PS) externalization
following lipid remodeling of the sperm plasma
membrane is a primary feature of apoptosis
(33). To detect PS translocation, the Annexin-
V FITC Apoptosis Detection Kit was used (BD
Biosciences, Pharmingen, San Diego, USA).
Annexin V, an anticoagulant protein, binds
outwardly exposed PS with high affinity in a
calcium-dependent manner (34). To perform
this assay semen samples containing 1x10°
spermatozoa were centrifuged at 5000 rpm for
6 min and resuspended in equal volume of
HEPES-buffered saline. Semen suspension
was mixed with 100 upl annexin-V/fluorescein
isothiocyanate solution and incubated for 15
min at room temperature. Staining with
annexin V was checked under fluorescent
microscope using 488 nm wave-length filter.
Sperm with disordered membrane exhibited
green fluorescence, whilst live sperm was
unstained. Apoptotic index (Al) was defined as
the number of apoptotic annexin V-positive
sperm cells per 100 spermatozoa (35)

Ovulation induction and oocyte collection
To induce superovulation, female mice
were injected intraperitoneally with 7.5 IU of
pregnant mare’s serum gonadotropin (PMSG,
Folligon, the Netherlands) and 7.5 IU of
human chorionic gonadotropin (hCG, Folligon,
the Netherlands) 48 hr later (36). 14 hr after
hCG administration, females were sacrificed
by cervical dislocation following anesthesia
with ketamine (75 mg/kg; IP). Their oviducts
immediately excised and placed in Petri
dishes containing HTF medium. Using a
stereo  zoom microscope (Model TL2,
Olympus Co., Tokyo, Japan), the ampullary
portion was found and oocytes were removed.

In vitro fertilization

Spermatozoa were derived from cauda
epididymis as described earlier and
preincubated for 1 hour in HTF medium at
37°C in an atmosphere of 5% CO, to ensure
capacitation. A volume of 0.1 mL of sperm
suspension was introduced into 0.9 mL

fertilization drop of oocytes-containing HTF
medium. For each animal, a total of 20
oocytes were divided into 10 drops. After six
hours of incubation at 37°C under 5% CO,,
the cumulus cell free fertilized oocytes were
transferred to fresh drops of HTF medium for
culture of embryos. All fertilization steps and
embryo culture were carried out under
detoxified mineral oil (37).

Microscopic evaluations

24 hr after insemination, oocytes were
evaluated via an inverted microscope under
200x magnifications and the percentage of
oocytes with 2 pronuclei was recorded to
determine in vitro fertilization success rate
(ISR) (38). Blastulation rate (BD) and hatching
rate (HR) were calculated by determining the
number of embryos that had reached the
blastocyst development stage and the number
of fully hatched blastocysts after 72 hr
incubation, respectively (39, 40).

Statistical analysis

The data were expressed as meanzSE.
The variables were analyzed by one-way
analysis of variance followed by Tukey test for
post hoc comparisons using Statistical
Package for the Social Sciences, version
18.0, SPSS Inc., Chicago, lllinois, USA. The
statistical significance level was set at p<0.05.

Results

Epididymal sperm parameters

Table | shows the effect of ST and RJ
treatment on epididymal sperm
characteristics. As it is clear from the table,
epididymal sperm concentration and motility
were significantly lower in mice treated with
ST in comparison to control and RJ alone
animals. Fascinatingly, administration of RJ to
ST-treated mice resulted in a nearly complete
reversal of the ST-induced decreases in
epididymal sperm count and motility to the
normal values. The results of AO staining
showed that the mean percentage of
spermatozoa with DNA damage increased
significantly in ST-treated mice when
compared to control mice. Interestingly,
administration of RJ in combination with ST
markedly impeded the ST-induced increase in
the epididymal sperm DNA damage (Table 1).
In the mice subjected to ST treatment, a
statistically significant elevation of TZI value
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was observed as compared to control mice,
whereas RJ treatment along with ST provided
marked normalization in the TZI value when
compared to the ST-only treated group (Table

).

Sperm apoptosis

Figure 1 represents data concerning sperm
cell apoptosis in all experimental groups. As
expected, Al was significantly higher in the ST
group versus the control and RJ alone groups,
whilst RJ co-administration substantially
reduced Al as compared to the ST group non-
treated with RJ.

In vitro fertilization outcome
Figure 2 compares ISR among the four
experimental groups. The proportion of

fertilized oocytes to inseminated oocytes was
significantly lower in ST-only treated mice
than in the control group. Co-treatment with
RJ resulted in a significant improvement in
this parameter compared to the ST alone
group. The effects of different treatments on
BD are depicted in Figure 3. The proportion of
embryos that became blastocysts in ST alone
group was significantly lower than that in the
control group. Mice treated with RJ
simultaneously exhibited amelioration of ST-
induced embryo toxicity. Figure 4 summarizes
the effects of ST and RJ on HR. The rate of
completely hatched blastocysts was
significantly smaller in ST-received mice
compared to that in the controls, while this
ratio was nearly restored to control levels by
RJ co-administration.

Table I. Effect of stanozolol and royal jelly treatment on epididymal sperm characteristics

Control ST RJ ST+RJ
Sperm count (10%/ml) 38.06 +1.01 23.66 +1.45* 42.00 +2.30° 34,99 +2.15
Immotile sperms (%) 8.66 +0.88 18.66 + 0.88° 9.00 £ 0.57° 13.00 £ 1.52°
Positive AO staining (%) 16.33+0.88 24.33 £0.88% 15.66 + 0.88" 18.66 + 0.88°
TZI 1.16 +0.07 1.90 £ 0.05° 1.20 £ 0.07° 1.41 £0.02*
ST: Stanozolol RJ: Royal jelly AQ: Acridine orange TZI: Teratozoospermia index.

The values are expressed as mean + SEM (n=15).
2 Significant differences as compared with the control group at p<0.05.

P Significant differences as compared with the stanozolol group at p<0.05.
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Figure 1. Effect of stanozolol and royal jelly treatment on sperm apoptosis in mature male mice. Histogram represents apoptotic

index expressed as apoptotic sperm cells per 100 spermatozoa.

ST, Stanozolol; RJ, Royal jelly. The values are expressed as mean+SEM (n=5).

#p<0.05 versus control group.

b n<0.05 versus stanozolol group.
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Figure 2. Effect of stanozolol and royal jelly treatment on in vitro fertilization success rate.
ST, Stanozolol; RJ, Royal jelly. The values are expressed as mean+SEM (n=5).

#p<0.05 versus control group.

®n<0.05 versus stanozolol group.
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Figure 3. Effect of stanozolol and royal jelly treatment on the rate of blastulation.
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Figure 4. Effect of stanozolol and royal jelly treatment on the rate of blastocyst hatching.
ST, Stanozolol; RJ, Royal jelly. The values are expressed as mean+SEM (n=5).

#p<0.05 versus control group .

Discussion

The abuse of AASs has been the focus of
researches worldwide, since these
compounds administration is often associated
with various dose- and time-dependent side
effects including male reproductive health
deterioration (41). Although the precise
pathological mechanism underlying AASs-
induced male reproductive toxicities have not
yet been completely elucidated, AASs have
been found to induce hypogonadotrophic
hypogonadism coupled with decreased total
and free testosterone circulating levels via
alterations in the hypothalamic-pituitary-
gonadal axis (42, 43). In the present study,
male mice exposed to ST showed impaired
sperm parameters. These results confirm and
extend previous data  which have
demonstrated that AASs induce severe
oligospermia and azoospermia and are
spermatotoxic (44, 45).

It is well known that spermatogenesis is a
highly complicated process in which immature
male germ cells (MGCs) differentiate into
mature spermatozoa (46). Sertoli cell as a
specialized somatic cell play a pivotal role in

L] ST+RJ

®p<0.05 versus stanozolol group.

survival, proliferation and maturation of MGCs
(47). Moreover, AASs have been reported to

induce marked depressions of serum
testosterone and sex hormone-binding
globulin  through  androgenic  receptors

occupation (48). Therefore, spermiogenesis
failure in the ST-treated mice may be
explained by the disruption of testosterone-
dependent attachment of MGCs to Sertoli
cells.

On the other hand, it has been clearly
described that ST administration provokes
mitochondriopathy, resulting in an enhanced
generation of reactive oxygen species (ROS)
and a state of oxidative stress (OS) (49).
There is overwhelming evidence that OS can
cause sperm dysfunction through different
mechanisms which include lipid peroxidation
of the sperm plasma membrane, impairment
of sperm motility and morphology and
induction of high frequencies of single and
double DNA strand breaks (50, 51). Further,
the existing literature indicates that OS-
induced sperm DNA damage accelerates the
process of germ cell apoptosis leading to the
decline in sperm concentrations (52).
Supporting these facts, our findings suggest
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that ST treatment causes high levels of DNA
damage and apoptosis in spermatozoa via
mechanisms that may be mediated by OS.
Previous reports point to the possible
relationship between seminal oxidative stress
and defective embryo development and
retardation of embryo growth (53, 54).

In addition, it has been demonstrated that
sperm DNA damage leads to decreased
fertilization rates and/or embryo cleavage
(55). In light of the fact that structurally
abnormal spermatozoa are the major source
of ROS production in semen, ISR, BD and HR
reduction in ST-administered mice may be
attributed to the injurious effects of ROS-
producing damaged spermatozoa during in
vitro insemination of oocytes (56). Recently,
there have been increasing interests in the
search of potential compounds that are
capable of minimizing the chemical-induced
reproductive toxicities. Several reports have
revealed that RJ possesses a variety of
biological activities, including anti-oxidative,
anti-inflammatory and repro-protective effects
(22, 57, 58).

In the current study, concomitant
administration of RJ to ST receiving mice
noticeably improved the ST-induced all the
negative changes observed in the sperm
parameters and embryo development. The
protection offered by RJ against ST
reprotoxicity is likely thanks to its ability to
inhibit OS by neutralizing ROS as well as its
interaction with androgen receptors that are
occupied by ST. Similar to our observations, it
has been shown that RJ has high anti-
oxidative activity and scavenging ability
against free radicals and can help to prevent
cisplatin-induced spermiotoxicity in adult male
rats (58). In the same concern, it was also
found that RJ counteracts “summer infertility”
in male rabbits (59).

Our recent study has also revealed that RJ
can effectively attenuate AASs-induced
oxidative injury in mouse testis through
restoration of antioxidant defense system (60).
Collectively, in investigating the potential
protective effects of RJ in OS- mediated
reprotoxicity arising as a result of ST
administration in mice, RJ through its
antioxidant activity provides a significant
protective effect against sperm impairment
and embryo toxicity. Further studies will be
required to assess the applicability of RJ in
clinical trials.

Conflict of interest

The authors declare no potential conflicts
of interest with respect to the authorship and
publication of this article.

References

1. Shahidi NT. A review of the chemistry, biological
action, and clinical applications of anabolic-
androgenic steroids. Clin Ther 2001; 23: 1355-
1390.

2. Yesalis CE, Bahrke MS. Doping among adolescent
athletes. Clin Endocrinol Metab 2000; 14: 25-35.

3. Yavari A. Abuse of anabolic androgenic steroids. J
Stress Physiol Biochem 2009; 5: 22-32.

4. Pavlatos AM, Fultz O, Monberg MJ, Vootkur A.
Review of oxymetholone: a 17a-alkylated anabolic-
androgenic steroid. Clin Ther 2001; 23: 789-801.

5. Hengge UR, Stocks K, Wiehler H, Faulkner S, Esser
S, Lorenz C, et al. Double-blind, randomized,
placebo-controlled phase Il trial of oxymetholone for
the treatment of HIV wasting. AIDS 2003; 28: 699-
710.

6. Hosseinimehr SJ, Zakaryaee V, Froughizadeh M.
Oral oxymetholone reduces mortality induced by
gamma irradiation in mice through stimulation of
hematopoietic cells. Mol Cell Biochem 2006; 287:
193-199.

7. Dickerman RD, Pertusi RM, Zachariah NY, Dufour
DR, McConathy WJ. Anabolic steroid-induced
hepatotoxicity: Is it overstated? Clin J Sport Med
1999; 9: 34-39.

8. Fineschi V, Baroldi G, Monciotti F, Paglicci Reattelli
L, Turillazzi E. Anabolic steroid abuse and cardiac
sudden death: a pathologic study. Arch Pathol Lab
Med 2001; 125: 253-255.

9. Torres-Calleja J, Gonzélez-Unzaga M, DeCelis-
Carrillo R, Calzada-Sanchez L, Pedron N. Effect of
androgenic anabolic steroids on sperm quality and
serum hormone levels in adult male bodybuilders.
Life Sci 2001; 68: 1769-1774.

10.Clark AS, Kelton MC, Whitney AC. Chronic
administration of anabolic steroids disrupts pubertal
onset and estrous cyclicity in rats. Biol Reprod 2003;
68: 465-471.

11.Hall RC, Hall RC, Champan MJ. Psychiatric
complications  of anabolic  steroid abuse.
Psychosomatics 2005; 46: 285-290.

12.Small M, Beastall GH, Semple CG, Cowan RA,
Forbes CD. Alteration of hormone levels in normal
males given the anabolic steroid stanozolol. Clin
Endocrinol (Oxf) 1984; 21: 49-55.

13. Whitney AC, Clark AS. Effects of acute stanozolol
treatment on puberty in female rats. Biol Reprod
2001; 64: 1460-1465.

14. Mutalip SSM, Singh GKS, Shah AM, Mohamad M,
Mani V, Hussin SN. Histological changes in testes of
rats treated with testosterone, nandrolone, and
stanozolol. Iran J Reprod Med 2013; 11: 653-658.

15. Erguder 1B, Cetin R, Devrim E, Kilicoglu B, Avci A,
Durak I Effects of cyclosporine on
oxidant/antioxidant status in rat ovary tissues:
protective role of black grape extract. Int
Immunopharmacol 2005; 5: 1311-1315.

20 Iranian Journal of Reproductive Medicine Vol. 13. No. 1. pp: 15-22, January 2015



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Royal Jelly Alleviates Stanozolol-induced Reproductive Toxicity

Rezvanfar MA, Sadrkhanlou RA, Ahmadi A, Shojaei-
Sadee H, Rezvanfar M, Mohammadirad A, et al.
Protection of cyclophosphamide-induced toxicity in
reproductive tract histology, sperm characteristics,
and DNA damage by an herbal source; evidence for
role of free-radical toxic stress. Hum Exp Toxicol
2008; 27: 901-910.

Sato K, Sueoka K, Tanigaki R, Tajima H,
Nakabayashi A, Yoshimura Y, et al. Green tea
extracts attenuate doxorubicin-induced
spermatogenic disorders in conjunction with higher
telomerase activity in mice. J Assist Reprod Genet
2010: 27: 501-508.

El-Nekeety AA, El-Kholy W, Abbas NF, Ebaid A,
Amra HA, Abdel-Wahhab AA. Efficacy of royal jelly
against the oxidative stress of fumonisin in rats.
Toxicon 2007; 50: 256-269.

Guo H, Ekusa A, lwai K, Yonekura M, Takahata Y,
Morimatsu F. Royal jelly peptides inhibit lipid
peroxidation in vitro and in vivo. J Nutr Sci Vitaminol
(Tokyo) 2008; 54: 191-195.

Sver L, Orsolic N, Tadic Z, Njari B, Valpotic I. A royal
jelly as a new potential immunomodulator in rats and
mice. Comp Immunol Microbial Infect Dis 1996; 19:
31-38.

Fujiwara S, Imai J, Fujiwara M, Yaeshima T,
Kawashima T, Kobayashi K. A potent antibacterial
protein in royal jelly. Purification and determination of
the primary structure of royalisin. Peptides 2004; 25:
919-928.

Kohno K, Okamoto |, Sano O, Arai N, Iwaki K, Ikeda
M, et al. Royal jelly inhibits the production of pro-
inflammatory cytokines by activated macrophages.
Biosci Biotechnol Biochem 2004; 68: 138-145.
Ordoli¢ N, Terzic S, Sver L, Basié |. Honeybee
products in prevention and/or therapy of murine
transplantable tumours. J Sci Food Agric 2005; 85:
363-370.

Kato A, Onodera M, Ishijima Y. Effect of royal jelly on
development of genital organ in male mice. J Tokyo
Vet Anim Sci 1988; 35: 1-4.

Abdelhafiz AT, Muhamad JA. Midcycle pericoital
intravaginal bee honey and royal jelly for male factor
infertility. Int J Gynaecol Obstet 2008; 101: 146-149.
Lionikas A, Blizard DA. Diverse effects of stanozolol
in C57BL/6J and A/J mouse strains. Eur J Appl
Physiol 2008; 103: 333-341.

Silici S, Ekmekcioglu O, Eraslan G, Demirtas A.
Antioxidative effect of royal jelly in cisplatin-induced
testes damage. Urology 2009; 74: 545-551.
Selvakumar E, Prahalathan C, Sudharsan PT,
Varalakshmi P. Chemoprotective effect of lipoic acid
against cyclophosphamide-induced changes in the
rat sperm. Toxicology 2006; 217: 71-78.

Zambrano E, Rodriguez-Gonzalez GL, Guzman C,
Garcia-Becerra R, Boeck L, Menjivar M, et al. 2005.
A maternal low protein diet during pregnancy and
lactation in the rat impairs male reproductive
development. J Physiol 2005; 563; 275-284.
Erenpreiss J, Bars J, Lipatnikova V, Erenpreisa J,
Zalkalns J. 2001. Comprative study of cytochemical
tests for sperm chromatin integrity. J Androl 2001,
22; 45-53.

Wyrobek AJ, Gordon LA, Burkhart JG, Francis MW,
Kapp RW Jr, Letz G, et al. An evaluation of the
mouse sperm morphology test and other sperm tests
in nonhuman mammals. A report of the US

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

environmental protection agency gene-tox program.
Mutat Res 1983; 115: 1-72.

Menkveld R, Wong WY, Lombard CJ, Wetzels AM,
Thomas CM, Merkus HM, et al. Semen parameters,
including WHO and strict criteria morphology, in a
fertile and subfertile population: an effort towards
standardization of in-vivo thresholds. Hum Reprod
2001; 16: 1165-1171.

Wu Y, Tibrewal N, Birge RB. Phosphatidylserine
recognition by phagocytes: a view to a kill. Trends
Cell Biol 2006; 16: 189-197.

Van Heerde WL, de Groot PG, Reutelingsperger CP.
The complexity of the phospholipid binding protein
Annexin V. Thromb Haemost 1995; 73: 172-179.
Mahfouz RZ, Sharma RK, Said TM, Erenpreiss J,
Agarwal A. Association of sperm apoptosis and DNA
ploidy with sperm chromatin quality in human
spermatozoa. Fertil Steril 2009; 91: 1110-1118.
Byers SL, Payson SJ, Taft RA. Performance of ten
inbred mouse strains following assisted reproductive
technologies (ARTs). Theriogenology 2006; 65:
1716-1726.

Gonzalez R, Ruiz-Le6n Y, Gomendio M, Roldan ER.
The effect of glucocorticoids on mouse oocyte in vitro
maturation and subsequent fertilization and embryo
development. Toxicol In vitro 2010; 24: 108-115.

Kaki T, Sofikitis N. Effects of unilateral cryptorchidism
on contralateral epididymal sperm quality, quantity
and fertilizing capacity. Yonago Acta Med 1999; 42:
79-86.

Wang X, Falcone T, Attaran M, Goldberg JM,
Agarwal A, Sharma RK. Vitamin C and Vitamin E
supplementation reduce oxidative stress—induced
embryo toxicity and improve the blastocyst
development rate. Fertil steril 2002; 78: 1272-1277.
Chailert C, Sanmee U, Piromlertamorn W,
Samchimchom S, Vutyavanich T. Effects of partial or
complete laser-assisted hatching on the hatching of
mouse blastocysts and their cell numbers. Reprod
Biol Endocrinol 2013; 11: 21.

Bahrke MS, Yesalis CE. Abuse of anabolic
androgenic steroids and related substances in sport
and exercise. Curr opin pharmacol 2004; 4: 614-620.
Feinberg MJ, Lumia AR, McGinnis MY. The effect of
anabolicandrogenic steroids on sexual behavior and
reproductive tissues in male rats. Physiol Behav
1997; 62: 23-30.

Takahashi M, Tatsugi Y, Kohno T. Endocrinological
and pathological effects of anabolic-androgenic
steroid in male rats. Endocr J 2004; 51: 425-434.
Torres-Calleja J, Gonzalez-Unzaga M, DeCelis-
Carrillo R, Calzada-Sanchez L, Pedron N. Effect of
androgenic anabolic steroids on sperm quality and
serum hormone levels in adult male bodybuilders.
Life Sci 2001; 68: 1769-1774.

Karila T, Hovatta O, Seppala T. Concomitant abuse
of anabolic androgenic steroids and human chorionic
gonadotrophin impairs spermatogenesis in power
athletes. Int J Sports Med 2004; 25: 257-263.

Hess RA, Cooke PS, Hofmann MC, Murphy KM.
Mechanistic insights into the regulation of the
spermatogonial stem cell niche. Cell Cycle 2006; 5:
1164-1170.

Mruk, DD, Cheng, CY. Sertoli-Sertoli and Sertoli-
germ cell interactions and their significance in germ
cell movement in the seminiferous epithelium during
spermatogenesis. Endocr Rev 2004; 25: 747-806.

Iranian Journal of Reproductive Medicine Vol. 13. No. 1. pp: 15-22, January 2015 21



Shalizar Jalali et al

48. Sader MA, Griffiths KA, McCredie RJ, Handelsman
DJ, Celermajer DS. Androgenic anabolic steroids
and arterial structure and function in male
bodybuilders. J Am Coll Cardiol 2001; 37: 224-230.

49. Pey A, Saborido A, Blazquez |, Delgado J, Megias A.
Effects of prolonged stanozolol treatment on
antioxidant enzyme activities, oxidative stress
markers, and heat shock protein HSP72 levels in rat
liver. J Steroid Biochem Mol Biol 2003; 87: 269-277.

50. Agarwal A, Makker K, Sharma R. Clinical relevance
of oxidative stress in male factor infertility: an update.
Am J Reprod Immunol 2008; 59: 2-11.

51. Agarwal A, Sharma RK, Desai NR, Prabakaran S,
Tavares A, Sabanegh E. Role of oxidative stress in
pathogenesis of varicocele and infertility. Urology
2009; 73: 461-469.

52. Agarwal A, Saleh RA, Bedaiwy MA. Role of reactive
oxygen species in the pathophysiology of human
reproduction. Fertil Steril 2003; 79: 829-843.

53.Virro MR, Larson-Cook KL, Evenson DP. Sperm
chromatin structure assay (SCSA®) related to
blastocyst rate, pregnancy rate and spontaneous
abortion in IVF and ICSI cycles. Fertil Steril 2004; 8:
1289-1295.

54. Agarwal A, Sharma RK, Nallella KP, Thomas AJ Jr,
Alvarez JG, Sikka SC. Reactive oxygen species as
an independent marker of male factor infertility. Fertil
Steril 2006; 86: 878-885.

55.Collins JA, Barnhart KT, Schlegel PN. Do sperm
DNA fragmentation tests predict pregnancy with in
vitro fertilization? Fertil Steril 2008; 89: 823-831.

56. Gil-Guzman E, Ollero M, Lopez MC, Sharma RK,
Alvarez JG, Thomas AJ Jr, et al. Differential
production of reactive oxygen species by subsets of
human spermatozoa at different stages of
maturation. Hum Reprod 2001; 16: 1922-1930.

57.Nagai T, Inoue R. Preparation and the functional
properties of water extract and alkaline extract of
royal jelly. Food Chem 2004; 84: 181-186.

58.Silici S, Ekmekcioglu O, Eraslan G, Demirtas A.
Antioxidative effect of royal jelly in cisplatin-induced
testes damage. Urology 2009; 74: 545-551.

59. Elnagar SA. Royal jelly counteracts bucks’ “summer
infertility”. Anim Reprod Sci 2010; 121: 174-180.

60.Najafi G, Nejati V, Jalali AS, Zahmatkesh E.
Protective role of royal jelly in oxymetholone-induced
oxidative injury in mouse testis. Iran J Toxicol 2014;
8: 1073-1080.

22 Iranian Journal of Reproductive Medicine Vol. 13. No. 1. pp: 15-22, January 2015



