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Abstract
Background: Bleomycin (BL) is a glycopeptide antibiotic obtained from the
bacterium Streptomyces verticillus which is routinely used for treatment of human
cancers. Royal jelly (RJ) is a production from the hypo pharyngeal, mandibular and
post cerebral glands of nurse bees. RJ consists of 66% water, 15% sugars, 5% lipids,
and 13% proteins, essential amino acids and vitamins.
Objective: The aim of present study was to evaluate protective effect of royal jelly
on sperm parameters and malondialdehyde (MDA) production in rat.
Materials and Methods: Forty adult male wistar rats (220±20gr) were randomly
divided into 4 groups (n=10). Control group (CG) received normal saline 10 ml/kg
twice a week with Intraperitoneal (I.P) for 48 days (0.3 ml/rat). Royal Jelly group
(RJG) received jelly (100 mg/kg daily) for 48 days orally. Bleomycin group (BLG)
received BL (10 mg/kg twice a week) with I.P for 48 days. Royal Jelly+ Bleomycin
group (RJ+BLG) received royal Jelly (100 mg/kg /day) orally concomitant with BL
administration. Sperm count, motility, and viability were investigated and chromatin
quality and DNA integrity were also analyzed. Serum testosterone and MDA
concentrations were measured as well.
Results: BL caused decline significantly (p<0.05) sperm count, sperm viability,
motility as well as testosterone concentration compared to control group while
significant (p<0.05) increases in immature sperm, sperm with damaged DNA and
MDA concentration were announced in BL in comparison with CG and RJ+BLG.
Royal jelly improved Bleomycin-induced toxicity on sperm parameters and
testosterone and MDA concentrations.
Conclusion: The present results support the idea that BL adversely affects sperm
parameters and MDA and the RJ with antioxidant properties has positive effects on
these parameters.
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Introduction

B

leomycin
is
a
chemotherapic
antibody produced by the bacterium
Streptomyces
verticillus.
This
antibiotic is an anti-tumor that plays an
important role in the treatment of lymphomas,
carcinomas and germ cells and makes its
affect through creating single or double
stranded DNA in tumor cells and interrupting
the cell cycle (1). Currently the most common
cancer affecting men in the reproductive age
is testicular cancer (2). However, if diagnosed
early, the disease is curable. Simultaneous
administration of Bleomycin, Eutoposide and
Cisplatin increases survival of patients with
this cancer up to 5 years (3).

Bleomycin may have a negative impact on
reproductive function, fertility, and on children
who have been treated (4). When used as an
anticancer agent, the chemotherapeutical
forms are primarily Bleomycin A2 and B2,
which work by causing breaks in DNA. The
drug is used in the treatment of Hodgkin’s
lymphoma, squamous cell carcinomas, and
testicular cancer, as well as in the treatment of
plantar warts (5). According to current
statistics, 35% of infertility cases in couples
are related to males. A healthy man gives out
120-600 million sperm per ejaculation (6).
More than 90% of male infertility is due to low
sperm count, poor sperm quality, or both. The
remaining cases of male infertility are caused
by a wide range of anatomical problems,
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hormonal imbalances, and genetic defects.
Royal Jelly (RJ), a principal food of the
honeybee queen, is produced by the hypopharyngeal glands of worker honeybee and
consists of 66% water, 15% sugars, 5% lipids
and 13% proteins, essential amino acids and
vitamins (7).
It has been reported that RJ has
pharmacological
activities
such
as
vasodilative
and
hypotensive
activity,
antitumor, anti-inflammatory, antihypertensive,
anti-fatigue and anti-allergy activity (8, 9). RJ
makes shorter the healing period of
desquamated skin lesions (10). The Queen
can survive up to 5 or 6 years using the jelly,
while the worker bees live between 7-8 weeks
(10). RJ is rich in minerals, natural hormones,
vitamin B, essential fatty acids, with Molik acid
and Aspartic acid that are important for tissue
repair and growth (7). Therefore, in this study,
we attempted to determine the effects of BL
on sperm characteristics, serum testosterone
levels, and biochemical changes related to
oxidative stress in testes and to examine the
protective effect of RJ on these parameters.

Materials and methods
Animals
In present study, 40 adult male Wistar rats
(220±20 gr) were obtained from animal house
of faculty of science, Urmia University, The
rats were maintained under controlled room
temperature of 22±3oC with 12 hours
light/dark cycles and the humidity level of 5060%. All animals had access to laboratory
chow and tap water. This study was carried
out following approval from the Ethical
Committee on the use and care of
experimental animals. This research is an
experimental study.
P

P

Drug treatment
The animal were divided into 4 groups;
each group was consisted of 10 rats.
Control group (CG) received saline 10 ml/
kg twice a week with I.P for 48 days
(0.3ml/rat).
Royal Jelly group (RJG) received RJ at
dose of 100 mg/kg daily for 48 days orally(27).
Bleomycin Group (BLG) the rats received
BL at dose of 10 mg/kg twice a week with I.P
for 48 days (11, 12).
RJ+ BLG received 10 mg/kg twice a week
BL and100 mg/kg/day RJ for 48 days.
210

Sperm characteristics
Sperm collection: After 48 days, animals
were anesthetized by Chloroform and
sacrificed by dislocation of cervical vertebra.
Tail of epididymis from each animal was finely
minced and transferred into 1ml mR1ECM
medium (medium for 1-cell rat embryos,
mR1ECM) + 4mg/ml bovine serum albumin
and incubating for 1 hours at 37oC in an
atmosphere of 5% CO 2 to allow sperm to
swim up.
P

R

P

R

Sperm count: The epididymal sperm count
was determined by hemocytometry (Neubauer
chamber) and the method described in the
WHO manual (1999) (13). 5 micro liter aliquot
of epididymal sperm was diluted with 95 micro
liter of diluent (0.35% formalin containing 5%
NaHCO 3 and 0.25% trypan blue). A few drops
of the diluted sperm suspension as a sample,
was transferred into a Neubauer’s improved
counting chamber (depth 0.1 mm), and
allowed to stand for 5 min. The sperm heads
were counted and expressed as million/ml of
suspension.
R

R

Sperm viability: Sperm viability was
evaluated as follows. 20 µl of 0.05% eosin Y
and nigrosin were added into an equal volume
of the sperm suspension. After 2 min of
incubation at room temperature, slides were
viewed by light microscope with magnification
of 400×. Dead sperm cells appeared to be
pink and live sperm cells were not stained. In
each sample 400 sperm cells were counted
and viability percentages were calculated (14).
Sperm Motility: In order to observe
mobility, 10 microliters of semen was placed
on a glass slide and covered with a lamella.
Using a light microscope with a magnification
of 400×, the number of sperm with rapid
progressive forward movement (RPFM),
slowly
progressive
forward
movement
(SPFM), Non-progressive motility (NPM) and
motionless (ML) sperm cells were counted in
several microscopic field of vision and
percentage of motile and Immobile sperm
cells was obtained (13).
Sperm DNA integrity assays
Acridine-orange,
DNA
denaturation
assay: Acridine orange test (AOT) is a simple
microscopic procedure based on acid
conditions to denaturant DNA followed by
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staining with acridine orange. The AOT
measures the metachromatic shift of AO
fluorescence from green (native DNA) to red
(denatured DNA). Acridine Orange fluoresces
green when it binds to native DNA and red
when it binds to the fragmented DNA. AOT
using fluorescence microscopy provides a
general picture of the status of DNA
denaturation (15).
AO intercalates into native DNA and the
dye fluoresces green when exposed to blue
light and red light when bound to singlestranded DNA. Thick smears were placed in
Carnoy’s fixative (methanol: acetic acid 3:1)
for 2h to fixation. After staining for 5 min the
slides were rinsed with deionized water.
Under the fluorescent light microscope, red
and green sperms could be observed (100
sperm per slide were analyzed).
Aniline blue, chromatin quality assay:
Histones are replaced by transition proteins
and then by Protamines during the later
stages of spermatogenesis, spermatid nuclear
changing and condensing. The DNA strands
are tightly wrapped around the Protamines
molecules to create toroidal structures (16).
Protamines-rich nuclei of mature spermatozoa
are rich in arginine and cysteine and contain
relatively low levels of lysine, therefore they
could not be stained by aniline blue (AB).
Slides were prepared by smearing 5 μl of
either a raw or washed semen sample.
The slides are air-dried and fixed for 30 min
in 3% glutaraldehyde in phosphate buffered
saline. The smear was dried and stained for 5
min in 5% aqueous aniline blue solution
(pH=3.5). Sperm heads containing immature
nuclear chromatin stain blue and those with
mature nuclei do not take up the stain. The
percentage of spermatozoa stained with
aniline blue was determined by counting 400
spermatozoa per slide under bright field
microscope (17).
Biochemical assays
Sample collection: Blood samples were
collected from the animals only at end of the
study. The animals were fasted for 6 hours
before the collection of blood samples. The
animals were anesthetized and blood was
taken through heart. Blood was drawn from all
10 animals in each group and centrifuged at
3000g for 10 minutes. Serum was separated

and stored at -70oC until analysis. Testes
were removed, cleared from adhering
connective tissue. And were stored at -70oC
until biochemical analysis.
P

P

P

P

Measurement of malondialdehyde level:
For this purpose, one gram of testicular tissue
was Homogenized in 0.05 M phosphate buffer
at pH=7.4 and the concentration of 10% (w/v).
Then the obtained solutions were centrifuged
in1000g and supernatants were used for the
evaluation of levels of lipid peroxidation
products. Levels of lipid peroxidation were
measured using cheeseman and Esterbauer
method
(18).
On
the
degree
of
malondialdehyde (MDA) production, lipid
peroxidation
can
be
determined.
Malondialdehyde is the final product of fatty
acid
peroxidation
and
reacts
with
Thiobarbituric acid (TBA) and creates a
colorful complex.
Spectrophotometric measurement method
is based on the color produced by reaction of
TBA with MDA. For this purpose, 300 ml of trichloric acid 10% was added to 150 Microliter
supernatant of centrifuged sample, and then
centrifuged for 10 min at 4oC and 1000g. 300
microliters of supernatant were transferred to
a test tube and was incubated with 300
microliters of thiobarbituric acid 0.67% at
100oC for 25 min. 5 min after cooling the
solution, the pink color due to the reaction of
TBA-MDA appeared and was measured using
a spectrophotometer at a wavelength of 535
nm. Concentration of MDA was calculated
using the coefficient of TBA-MDA complex
absorption and was expressed as nmol/g wet
tissue (19).
P

P

P

P

Testosterone
assay:
After
blood
sampling, the serum was separated using a
centrifuge (3000 gr for 6 min) and kept at 70oC until analysis of testosterone hormone.
Serum testosterone concentrations were
measured by using immune-radiometric
technique using the kits of WHO/Sigma AssoRTGC-768/98.
P

P

Statistical analysis
The data are presented as the mean±SE.
Differences between groups were analyzed by
ANOVA followed by Tukey test using SPSS
package, version 16 and level of significance
was taken as p<0.05.
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Results
In present study, data revealed that sperm
count and sperm viability in BL group
decreased significantly in comparison with
control and RJ groups (p<0.05). RJ coadministrated with BL announced partially
improvement and enhancement in number of
sperm and sperm viability that were presented
in Table I. There was no significant (p<0.05)
value in sperm maturity among mentioned
groups. Furthermore, in comparison to the
control and royal jelly groups, were increased
sperm cells with DNA damage in BL group.
The
rats
were
administrated
RJ
simultaneously BL demonstrated a decline in
sperm DNA damage (Table II). Our
investigation on sperm motility revealed that
RPFM was decreased significantly (p<0.05) in
BL group in comparison to the CG and RJ.
Percentage of SPFM and NPM sperm cells as
well as ML was increased in BL group. This

study announced that administration of RJ
simultaneously with BL caused a partially
increase in the sperm motility type SPFM in
comparison with BL.
Testosterone assay
In this study, according to table 3, it is
specified that the testosterone concentration
in the BL group shows significant (p<0.05)
reduction with CG and RJ groups. In RJ-BL
group revealed remarkable increased (p<0.05)
testosterone level in blood circulation in
comparison to BL group.
MDA assay
BL caused induced lipid per oxidation in the
tissue of testis as demonstrated by significant
(p<0.05) elevation of MDA in BL to compare
with CG and RG. MDA level in RJ-BL were
lower those in the BL. RJ administration
caused significantly decline of MDA in RJ-BL
group.

Table I. The effect of bleomycin and Royal jelly on Sperm parameters in experimental groups
Group

Sperm count
(×106/ml)

Sperm viability
(%)

Sperm motility
(RPFM) (%)

Sperm motility
(SPFM) (%)

Sperm
motility
(NPM) (%)
11.23±0.60
11.13±0.58
12.03±0.52
12.50±1.50

Control (CG)
37.36±1.15
86.96±0.90
63.50±1.18
17.53±0.67
Royal jelly (RJ)
38.80±1.53
86.80±2.28
62.43±1.15
16.83±0.33
Bleomycin (BL)
25.77±0.82*ab
67.46±1.24*ab
51.63±0.50*a
23.86±0.66*ab
Royaljelly+Bleomycin (RJ+BL)
34.70±2.42*c
84.40±2.66*c
59.80±2.36*c
16.13±2.03*c
Data are presented as Mean±S.E .
* p<0.05.
a: significant compared with control.
b: significant compared with RJG.
c: significant compared with BLG.

Sperm
motility
(ML) (%)
7.73±.37
10.60±0.30
12.46±0.73
11.56±0.58

Table II. The effect of bleomycin and Royal jelly on sperm maturity and sperm DNA damage in rat
Group
AO+ (%)
AB+ (%)
Control (CG)
12.66±0.27
6.36±0.52
Royal jelly (RJ)
10.36±0.58
7.30±0.43
Bleomycin (BL)
20.30±0.52*ab
11.10±0.87*ab
c
Royal jelly+ Bleomycin (RJ+BL)
17.43±0.49*
9.36±075*c
AO+: Acridine-orange positive (sperm with DNA damage).
AB+: Aniline blue positive (immature sperm)
Data are presented as Mean±S.E.
* p<0.05.
a: significant compared with control.
b: significant compared with RJG.
c: significant compared with BLG.

Table III. The effect of bleomycin and Royal jelly on testis lipid peroxidation and testosterone production in rat
Group
Control (CG)
Royal jelly (RJ)
Bleomycin (BL)
Royal jelly+ Bleomycin (RJ+BL)
Data are presented as Mean±S.E .
a: significant compared with control.
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MDA (µmol/gr tissue)
484.75±16.86
461.90±10.52*c
643.14±5.05*ab
514.48±16.90*c
* p<0.05.
b: significant compared with RJG.

Testosterone (ng/ml)
4.28±0.23
4.10±0.26
2.47±0.17*ab
3.84±0.08*c
c: significant compared with BLG
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Figure 1. Live sperm (1) with uncoloured head and dead sperm with pink or red (2) head in control group (E&N ×400).

Figure 2. Sperm head with mature nuclei is light blue (1) and Sperm head containing immature nuclear chromatin is dark blue (2)
(AB ×400).

Figure 3. Sperm with normal DNA integrity is seen green color (1) and Sperm cells with orange color (2) head which have damaged
chromatin in RJ group (AO ×400).

Discussion
During the last 50 years, chemotherapy
techniques are used to prevent diseases such
as testicular cancer. In this way, certain
chemical drugs are prescribed. Although
taking these drugs has increased the survival
rate of patients and the recovery, But are
associated with serious side effects. These

side effects can be unpleasant changes to the
body’s normal function (4). In this study, it will
be discussed whether Bleomycin, an antitesticular cancer antibiotic, can affect sperm
function, chromatin integrity, sperm motility,
sperm count and whether royal jelly can
improve Bleomycin-induced damage. Sperm
count reduction is an important indicator of
male infertility (20).
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Change in the germ cell function can alter
sperm count. Any agent that interferes with
mitotic division is also known to reduce the
sperm count (21). O’Flaherty et al in 2010
showed that sperm parameters, hormone
levels and testicular volume in survivors of
testicular cancer is quite different from normal
people that these people are at risk of having
an abnormal reproduction (22). Our studies
showed that Bleomycin greatly reduced the
percentage of sperm viability and sperm count
compared to the control group. However,
these parameters were much greater in the
group treated with royal jelly.
Cisplatin treatment causes an increase in
lipid peroxide levels and a decrease in the
activities of antioxidant enzymes that protect
against lipid peroxidation in the tissues such
as liver, kidney and testes (23, 24). Many
cellular pathways have been suggested to
contribute to induction of a state of oxidative
stress and lipid peroxides. For example, it is
possible that BL-induced oxidative stress and
cytochrome P450 2E1-(CYP2E1-) mediated
oxidative stress synergize to produce
hepatotoxicity (25). The present study
indicated that lipid peroxidation (MDA) in testis
significantly increased in rats treated with BL
alone. This result agrees with previous studies
which have demonstrated the involvement of
oxidative stress and lipid peroxidation in cisinduced liver and testes toxicities (26-30).
Testis MDA levels significantly was
improved with the Prophylactic RJ treatment.
The RJ contains amino acids such as aspartic
acid, cysteine, cystine, tyrosine, glycine,
lysine, leucine, valine, and isoleucine that are
biologically active. The antioxidant effect of RJ
may be related to its free amino acids content,
which has been indicated by previous
researchers (31). Nuclear DNA integrity and
the composition of chromatin proteins are
important for normal sperm function (32). The
process of spermatogenesis, in which
histones are replaced first by transition
proteins and then by Protamines, resulting in
a very condensed sperm DNA structure, is
absolutely critical for sperm chromatin
packaging (33).
Only a small percentage of the sperm
genome remains associated with histones in
mature sperm; this is approximately 15% in
human spermatozoa and only 1-2% in rodent
spermatozoa (34, 35). Recent findings have
showed that the particular fashion in which
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residual histones in sperm nuclei are not
arbitrary but appears to be organized in a way
that their association with promoters of key
gene regulators will be preferentially
maintained (36). Abnormal histone retention
or protamines deficiency in sperm is in
association with the reduction in fertility and
increased risk of embryonic failure after
fertilization (37, 38).
Besides protamines and residual histones,
other sperm head proteins may be in close
association with sperm chromatin and play a
crucial role in normal sperm function.
Packaging of sperm chromatin serves in
reprogramming the paternal genome and sets
the appropriate genes to be expressed in the
early stages of embryo development (33).
Therefore, a correct chromatin packaging
level will be essential to fully express the
fertilizing capacity of sperm. Abnormal
nucleoprotein content and/or DNA strand
breaks can be related to defects of sperm
chromatin, which can be evaluated using
staining techniques such as chromomycin A3
or acridine orange, the later method we used
in our study (39). This study showed that
Bleomycin will adversely affect sperm
chromosomes while less chromosomal
damage was observed in the royal jelly
treated group.
Acridine Orange staining showed that in
Group 3, the amount of denatured DNA is
much greater than the control group. These
rates were lower in group 4 treated with royal
jelly. Kamiguchi et al examined effects of five
chemical drugs in terms of toxicity on
testicular tissue (40). In order to evaluate the
testes
function,
testosterone
and
progesterone levels were measured. They
showed ketoconazole and aminoglutethimide
inhibit secretion of testosterone and
progesterone (41). Spironolactone blocks
testosterone
secretion
and
increases
progesterone concentrations. Chlorpromazine
inhibits the secretion of gonadotropins,
testosterone, and progesterone, which is a
significant cytotoxic effects produced by these
drugs (40, 41).
Lambert
injected
thymidine,
cyclophosphamide, chlorambucil, Theo TEPA,
CCNU-busulphan
and
Procarbacine
compounds to rats. These substances caused
damage to the testicles, reduced testicles
thymidine and increased its level in patient's
serum. Actinomycin D and Vinblastin cause
58T

58T
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changes in the mixture of testicles thymidine.
These chemical agents disrupt DNA synthesis
(42).
Silici et al in 2010 investigated the effect of
royal jelly on cisplatin induced toxicity in the
testis tissue. They stated that cisplatin has led
to changes in sperm parameters and
decreases fertility of individuals. They also
stated that the use of cisplatin increases MDA
and testicular tissue toxicity. They thought the
increased levels of free radicals to be a factor
for this. However, in their studies, royal jelly
significantly
reduced
bleomycin-induced
toxicity. Among these positive changes were
reduced MDA level, improvement in testes
tissue and sperm parameters (27). In the
present study, testosterone levels in the
treatment group was reduced significantly
compared to the control group, but royal jelly
significantly increased testosterone levels.
58T

58T

nonribosomal peptide synthetases and a polyketide
synthase. Chem Biol 2000; 7: 623-642.
2. Bray F, Richiardi L, Ekbom A, Pukkala E, Cuninkova
M, Moller H. Trends in testicular cancer incidence
and mortality in 22 European countries: continuing
increases in incidence and declines in mortality. Int J
Cancer 2006; 118: 3099-3111.
3. Robinson D, Moller H, Horwich A. Mortality and
incidence of second cancers following treatment for
testicular cancer. Br J Cancer 2007; 96: 529-533.
4. Maselli J, Hales B, Chan P, Robaire B. Exposure to
Bleomycin, Etoposide, and Cis-Platinum Alters Rat
Sperm Chromatin Integrity and Sperm Head Protein
Profile12,3,5,6. Biol Reprod 2012; 86: 166.
5. Lewis TG; Nydorf ED. Intralesional Bleomycin for
warts: a review. J Drugs Dermatol 2006; 5: 499-504.
6. Adam G, Avise John C. Male Pregnancy. Cur Biol
2003; 13: R791.
7. Sver L, Orsolic N, Tadic Z. Royal jelly as a new
potential immunomodulator in rats and mice. Comp
Immunol Microbiol Infect Dis 1996; 19: 31-38.
8. Nagai T, Inoue R. Preparation and the functional
properties of water extract and alkaline extract of
royal jelly. Food Chem 2004; 84: 181-186.
9. Inoue S, Koya-Miyata S, Ushio S, Iwaki K, Ikeda M,
Kurimoto M. Royal jelly prolongs the life span of
C3H/HeJ mice: correlation with reduced DNA
damage. Exp Gerontol 2003; 38: 965-969.
10. Hiroyuki M, Takahide I, Kazuo K, Kei F, Ichiro M,
Hideyuki O, et al. Effect of royal jelly ingestion for six
months on healthy volunteers. Nutr J 2012; 10: 11861475.
11. Arslan SO, Zerin M, Vural H. The effect of melatonin
on bleomycin-induced pulmonary fibrosis in rats.
Coskun AJ Pineal Res 2002; 32: 21-25.
12. Yildirim Z, Kotuk M, Iraz M, Kuku I, Ulu R, Armutcu F,
et al. Attenuation of bleomycin-induced lung fibrosis
by oral sulfhydryl containing antioxidants in rats:
erdosteine and Nacetylcysteine. Pulm Pharmacol
Ther 2005; 18: 367-373.
13. WHO laboratory manual for the examination of
human semen and sperm-cervical mucus interaction.
th
4 Ed. Cambridge, United Kingdom: Cambridge
University Press; 1999.
14. Wyrobek AJ, Gordon LA, Burkhart JG, Francis MW,
Kapp RW, Letz G, et al. An evaluation of mouse
sperm morphology test and other sperm tests in nonhuman mammals. Mutat Res 1983; 115: 1-72.
15. Varghese A, Fischer-Hammadeh C, Hammadeh M.
Acridine Orange Test for Assessment of Human
Sperm DNA Integrity. Kolkata, India, Springer; 2011:
189-199.
16. Rezvanfar MA, Sadrkhanlou RA, Ahmadi A, ShojaeiSadee H, Rezvanfar MA, Mohammadirad A.
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.
17. Hammadeh M, Zeginiadov T, Rosenbaum P.
Predictive value of sperm chromatin condensation
(aniline blue staining) in the assessment of male
fertility. Arch Androl 2001; 46: 99-104.
18. Esterbauer H, Chesseman KH. Determination of
aldehydic lipid peroxidation product: malonaldhyde
and 4-hydroxynonenal. Methods Enzymol 1990;
4074: 21-186.
58T

58T

Conclusion
In conclusion, the experimental results
reveal that BL plays negative roles on
reproductive system and function in sexually
mature male rats by its adverse effects on
sperm
parameters
and
testosterone
production in these animals. RJ as a complex,
due to beneficial biological properties of its
components, has been determined to exhibit
antioxidant capacity. Therefore, RJ could help
to prevent testicular toxicity manifested by BL
chemotherapy. RJ has a possible protective
effect against BL-induced spermiotoxicity
effect when given after BL administration.
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