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ABSTRACT 
Background: An adverse effect of oxymetholone (OXM), an anabolic-androgenic steroid 
used as energetic medicine, is reproductive toxicity. Royal jelly (RJ) is an efficient 
antioxidant that has been used to treat reproductive problems. In this study, we 
investigated the effects of RJ on OXM-induced oxidative injuries in mouse testes.  
Methods: Male mice were divided into four groups. Two groups of mice were 
administered OXM (5 mg/kg/day, p.o.) for 28 days. One of these groups received RJ (100 
mg/kg/day, p.o.) concurrently. A vehicle-treated control group and a RJ control group were 
also included.  
Results: The OXM-treated group showed a significant decrease in the serum 
testosterone concentration and spermatogenic activities, along with many histological 
alterations. OXM treatment also caused a significant decrease in catalase activity with an 
increase in lipid peroxidation in the mouse testes. The above-noted parameters were 
restored to near normal levels by RJ co-administration.  
Conclusion: The results demonstrate that RJ protects against OXM-induced 
reproductive toxicities. 
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INTRODUCTION 
Worldwide, up to 20% of couples are 

infertile. Approximately 30-50% of human 
infertility is attributable to male infertility [1, 
2]. Although hormonal causes of male 
infertility are well known, lack of sufficient 
knowledge about intracellular mechanisms 
leading to the production of important factors 
necessary for regulating spermatogenesis is 
the main reason behind the inability to 
diagnose and treat certain forms of idiopathic 
infertility [3]. Testis, the main organ of the 
male reproductive system, consists of two 
parts: the testis parenchyma and intercellular 
substances. The parenchyma is composed of 
long and coiled tubes called seminiferous 
tubules. As the seminiferous tubules comprise 
approximately 80% of the testicular mass, the 
morphological measurements of seminiferous 
tubules are important in the studies of testis 
tissue [4-7].  

Anabolic-androgenic steroids (AASs) 
are used by a considerable proportion of the 

community to enhance their physique and 
performance. More than one million of 
Americans use or have used AASs [8]. 
Oxymetholone (OXM) is an active nutritional 
17α-alkylated anabolic-androgenic steroid 
derived from testosterone [9]. Since OXM 
can stimulate erythropoiesis and increases 
erythropoietin production, it is used for the 
treatment of anemias caused by low red cell 
production [10]. In addition, this drug is 
currently applied to the treatment of 
myelotoxic anticancer drugs-induced 
myelofibrosis [9] and AIDS-associated 
wasting [11]. Despite its therapeutic 
significance, it has been reported that OXM 
causes hepatic and cardiac damages [12, 13] 
as well as reproductive toxicities in humans 
and experimental animals [14-16]. Also, 
AASs have been found to induce 
hypogonadotrophic hypogonadism via 
negative feedback to the hypothalamus 
leading to testicular atrophy and impaired 
spermatogenesis [17, 18]. 
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Royal jelly (RJ), a secretion product of 
the hypopharyngeal and mandibular glands of 
nurse bees, is a mixture that contains many 
important compounds with biological activity 
such as free amino acids, proteins, sugars, 
fatty acids, minerals, and vitamins [19]. Due 
to its complex composition, RJ possesses 
numerous pharmacological properties 
including antioxidant, anti-inflammatory, 
antitumor, anti-allergic, antibiotic, 
hypotensive, neurotrophic, and 
immunomodulatory activities [20-23]. 
Furthermore, independent studies have 
indicated that RJ has positive effects on the 
reproductive system and fertility in humans 
and animals [24-27]. Hence, the present study 
was designed to investigate the probable 
protective effects of RJ on OXM-induced 
oxidative injuries in mouse testes. 

MATERIALS AND METHODS 
Animals 

This study was carried out on healthy 
adult sexually mature male (9 weeks of age) 
mice weighing 30±2 g. A total of 32 mice 
were obtained from the Animal House of 
Faculty of Science, Urmia University, Urmia, 
Iran. The animals were housed in filter-top 
polycarbonate cages in an air-conditioned 
room (temperature: 25±2 ◦C, relative 
humidity: 50±10%, and 12 h light/12 h dark 
photoperiod) free from any sources of 
chemical contamination with free access to 
standard diet and water throughout the 
experimental period. The experimental 
protocol and procedures used in this study 
were approved by the Ethics committee of the 
Urmia University, Urmia, Iran for the care 
and use of laboratory animals. 

Experimental design 
After seven days of acclimation to the 

environment, the mice were randomly divided 
into four treatment groups of eight animals 
each (n = 8) and treated orally for 28 days as 
follows:  
Group I (Control): received saline vehicle 
(0.1 ml/mice) 
Group II (OXM): OXM (5 mg/kg) 
Group III (RJ): royal jelly (100 mg/kg) 
Group IV (OXM + RJ): royal jelly (100 
mg/kg) + OXM (5 mg/kg). 

Sampling 
Animals were euthanized by CO2 

exposure in a special device following 
anesthesia with ketamine (75 mg/ kg, IP) 24 
hours after the last treatment. Blood was 
collected from atrium in routine biochemical 
test tubes without anticoagulant for 
serological analysis. The abdominal cavity 
was opened up through a midline abdominal 
incision and the testes were excised quickly. 
One half of the right and left testes were fixed 
in Bouin’s fixative (0.2% picric acid/2% 
(V/V) formaldehyde in PBS) for histological 
evaluation and the other halves were kept 
frozen at -70 °C until they were homogenized 
for further biochemical studies. 

Assessment of catalase activity 
Catalase (CAT) activity in 

homogenized testicular tissue was determined 
according to Aebi (1984) [28]. Its activity was 
assayed by determining the rate of 
degradation of hydrogen peroxide at 240 nm 
in 10 mM of potassium phosphate buffer (pH 
7.0). Extinction coefficient of 43.6 mM/cm 
was used for calculation. One unit is defined 
as 1 pmol of hydrogen peroxide consumed 
per minute, and the specific activity is 
reported as units/mg of protein. 

Assessment of lipid peroxidation 
Lipid peroxidation (LPO) was 

determined by the spectrophotometric TBA 
assay as previously described [29]. 
Malondialdehyde (MDA), formed as an end 
product of the peroxidation of lipids, reacts 
with thiobarbituric acid (TBA) to generate a 
colored product that can be measured 
optically at 532 nm. Results were expressed 
as µmol MDA/mg protein. 

Testosterone assessment 
Serum concentration of testosterone 

was measured by enzyme-linked 
immunosorbent assay (ELISA) as described 
in the instructions provided by manufacturer’s 
kit (Demeditec Diagnostics GmbH, 
Germany). 

Histological analysis 
After fixation of testes, they were 

dehydrated through a gradual series of alcohol 
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and cleared in three changes of xylene before 
embedded in paraffin. Thin sections (5µm) 
perpendicular to the longest axis of the testis 
were cut using a microtome and stained with 
hematoxylin and eosin according to the 
standard method. Histological analysis was 
performed under light microscope in terms of 
the changes in different groups as compared 
to the control group. 

Determination of histological parameters 
For each testis, five vertical sections 

from the polar and the equatorial regions were 
sampled [30] and an unbiased numerical 
estimation of the following histological 
parameters was determined using a systematic 
random scheme. 

Seminiferous tubules diameter (STsD) 
and interstitial tissue thickness (ITT): For 
measuring STsD and ITT, 200 round or 
nearly round cross-sections of seminiferous 
tubules were randomly analyzed in each 
mouse (one hundred per testis). Then, two 
perpendicular diameters of each cross-section 
of seminiferous tubules were measured using 
an ocular micrometer of light microscopy 
(Olympus Co., Germany) and their means 
were calculated. Also, ITT was measured in 4 
equidistance of each cross-section of 
seminiferous tubules and their means were 
calculated [31]. 

Number of mononuclear immune cells 
(MNICs) in testicular tissue: The number of 
MNICs was determined by using the unbiased 
counting frame proposed by Gundersen 
(1977) [32]. 

Tubule differentiation index (TDI) and 
spermiation index (SPI): 200 cross-sections of 
seminiferous tubules were randomly analyzed 
in each mouse (one hundred per testis) for the 
calculation of TDI and SPI. TDI is the 
percentage of seminiferous tubules containing 

at least three differentiated germ cells [33]. 
SPI is the percentage of seminiferous tubules 
with normal spermiation [34]. 

Sertoli cell index (SCI) and mitotic 
index (MI): Sixty seminiferous tubules per 
group were randomly examined for the 
calculation of SCI and MI. SCI is the ratio of 
the number of germ cells to the number of 
Sertoli cells identified by a characteristic 
nucleus and nucleolus in all seminiferous 
tubules [35]. MI, the number of round 
spermatids for each pachytene primary 
spermatocytes, was calculated for 
determination of cell loss percentage during 
cell division [36]. 

Statistical analysis  
The results are expressed as the mean ± 

standard error of mean (S.E.M.). Differences 
between the groups were assessed by the 
analysis of variance (ANOVA) using SPSS 
software package for Windows. Statistical 
significance between groups was determined 
by Tukey’s multiple comparison post hoc test 
and the P-values less than 0.05 were 
considered to be statistically significant. 

RESULTS 
Antioxidant status study 

The effects of different treatments on 
CAT activity and MDA level in testis are 
depicted in Table 1. Treatment with OXM 
alone resulted in a significant decrease in 
CAT activity in testis tissue, whereas it 
caused a significant increase in MDA in the 
same tissue. Treatment with RJ in 
combination with OXM resulted in a 
significant improvement in these parameters 
in testis tissues compared to the OXM alone 
group (Table 1). 

 

Table 1. Effect of oxymetholone and Royal jelly on the testis antioxidant status. 
 Control OXM RJ OXM+RJ 

CAT (U/mg pt.) 51.6±0.6 23.1±0.2a 53.4±0.5b 32.3±0.3a,b 

MDA (µmol/mg pt.)  3.9±0.1 6.2±0.2a 3.8±0.2b 4.7±0.1a,b 

The values are expressed as mean ± S.E.M. (n = 8). 
a Significant differences as compared with the control group at P <0.05 
b Significant differences as compared with the OXM group at P <0.05 
 
 
 
 
 
 
 



Iranian Journal of Toxicology                                                                          Gholamreza Najafi et al 

1076 
Volume 8, No 25, Summer 2014; http://www.ijt.ir 

 

Testosterone level 
Results of testosterone concentrations 

study (Figure 1) revealed that treatment with 
OXM alone caused a significant decrease in 
serum testosterone level as compared to the 

control group. The administration of RJ along 
with OXM significantly restored serum 
testosterone level towards the control value 
(Figure 1).  

 
Figure 1. Effect of oxymetholone and Royal jelly on serum concentrations of testosterone. 

 The values are expressed as mean ± S.E.M. (n =8).  
 a Significant differences as compared with the control group at P <0.05  
 b Significant differences as compared with the oxymetholone group at P <0.05 
 

Histological parameters 
As seen in Table 2, treatment of male 

mice with OXM caused a significant decrease 
in seminiferous tubules diameter (STsD), 
while interstitial tissue thickness (ITT) 
increased compared to that of control. Co-
administration of RJ significantly attenuated 
the OXM-induced morphometric changes. 

Data exist in Figure 2 revealed that 
infiltration of mononuclear immune cells 
(MNICs) in testicular tissue was significantly 
elevated by OXM treatment. However, this 
elevation in the number of MNICs was 
inhibited by concurrent treatment with RJ.  

Moreover, OXM treatment induced the 
deletion of germ cells during 
spermatogenesis, which resulted in significant 
decreases in TDI and SCI (Table 3). Due to 
the germ cells deletion, SPI and MI were also 
greatly decreased in the OXM-treated mice 
(Table 3). RJ treatment significantly 

prevented the OXM-induced germ cell loss 
from seminiferous tubules (Table 3). 

Histopathologic findings 
There were no marked histological 

alterations in testes of control (Figure 3a) and 
RJ-only (Figure 3b) groups, while drastic 
morphologic changes were observed in the 
testis of OXM-treated mice (Figure 3c). The 
seminiferous tubules of these animals showed 
severe hypocellularity and intraepithelial 
vacuolization and were displaced by some 
fibrinoid debris. Rupture, vacuolization, 
inflammatory cells infiltration, and interstitial 
space widening were also observed in 
intertubular connective tissue of testes 
following OXM treatment (Figure 3c). OXM-
induced lesions in testicular tissue were 
greatly recovered by RJ co-administration, 
although partial disorganizations were 
observed in some seminiferous tubules 
epithelium (Figure 3d). 

 

Table 2. Effect of oxymetholone and Royal jelly on histological parameters of testis. 
 Control OXM RJ OXM+RJ 

STsD (µm) 204.75±6.55 149.36±6.07a 211.75±3.13b 191.00±3.66b 
ITT  (µm)  48.50±5.02 155.83±9.27a 51.08±5.71b 45.75±2.45b 

STsD, seminiferous tubules diameter; ITT, interstitial tissue thickness.  
The values are expressed as mean ± S.E.M. (n = 8). 
 a Significant differences as compared with the control group at P <0.05 
b Significant differences as compared with the OXM group at P <0.05 
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Table 3. Effect of oxymetholone and Royal jelly on spermatogenic activities. 
 Control OXM RJ OXM+RJ 
TDI (%) 65.83±4.40 41.66±2.20a 70.33±1.45b 87.50±3.01a,b 
SPI (%) 70.88±2.73 41.83±1.73a 68.88±2.93b 69.99±1.92b 
SCI (%)  63.73±0.66 47.16±3.10a 62.73±1.44b 56.30±1.80b 
MI (%) 68.61±8.28 38.88±1.46a 75.55±9.82b 77.77±8.01b 

TDI, tubule differentiation index; SPI, spermiation index; SCI, Sertoli cell index; MI, miotic index. 
The values are expressed as mean ± S.E.M. (n = 8). 
a Significant differences as compared with the control group at P <0.05 
b Significant differences as compared with the OXM group at P <0.05 
 

 
Figure 2. Effect of oxymetholone and Royal jelly on numbers of mononuclear immune cells 

(MNICs) in testicular tissue. 
 The values are expressed as mean ± S.E.M. (n = 8).  
 a Significant differences as compared with the control group at P <0.05  
 b Significant differences as compared with the oxymetholone group at P <0.05 
 

 
Figure 3. Cross-sections of testes in mice treated with oxymetholone and/or royal jelly. 

Testes from control (a) and RJ-treated (b) mice show intact seminiferous tubules with active 
spermatogenesis. However, a testis from an OXM-treated mouse (c) reveals germ cells deletion and impaired 
spermatogenesis. In the testis of a mouse treated with OXM and RJ, the seminiferous epithelium is less 
abnormal as compared with (c), although partial disorganizations appear in some seminiferous tubules 
epithelium.  
Hematoxylin and eosin (×600) 
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DISCUSSION 
Synthetic AASs do the same work as 

androgenic hormones do. Evidence exists that 
these compounds have profound effects on 
male endocrinological and reproductive 
systems [37]. It has been reported that AASs 
induce oligozoospermia and azoospermia (18) 
as well as sperm morphology impairment 
[16]. Previous study on male rats has also 
confirmed the potential of AASs for causing 
spermatogenic arrest [14]. Although the 
mechanism by which AASs cause 
reproductive toxicities is still under debate, 
impaired spermatogenesis is supposed to 
occur because of AASs-induced 
hypogonadotrophic hypogonadism [17, 18]. 

Spermatogenesis is a complex process, 
where spermatogonia develop into highly 
differentiated spermatozoa through several 
strictly controlled steps [38] and histological 
parameters, such as STsD and ITT along with 
TDI, SPI, SCI and MI, can give information 
about the testicular damage degree as a 
consequence of germ cell death. In general, 
massive germ cell loss caused by reproductive 
toxicity is followed by considerable 
alterations in testicular histological 
parameters. As shown in the present study, 
depletion of seminiferous epithelium and the 
consequent changes in histological 
measurements caused by OXM were 
confirmed in our report. 

In the present study, OXM treatment 
caused a marked reduction in serum 
testosterone level, confirming a previous 
report that AASs, especially 17α-alkylated 
steroids, induced marked depressions of 
serum testosterone and sex hormone-binding 
globulin by means of androgenic receptors 
occupation [39]. 

Sertoli cells (SCs) are the main somatic 
cells of testis which play a major role in 
cytoarchitectural organization of the 
seminiferous tubules and, more importantly, 
govern the differentiation of germ cells 
(GCs). The physical and functional supports 
of SCs are essential for GCs survival and 
development [1, 2]. Therefore, a potential 
explanation for the failure of spermiogenesis 
in the OXM-treated mice is disruption of 
testosterone-dependent junction of SCs with 

GCs leading to their disorganization and 
separation. 

MNICs infiltration in testicular tissue is 
an indicator of inflammation, a complex 
clinical condition that can negatively affect 
reproductive potential, which shows some 
alterations occur at the suspected testis. 
Hence, the elevation in MNICs infiltration 
observed in testicular tissue of OXM-treated 
animals might reflect the role of OXM in 
induction of inflammation. 

To date, several reports have supported 
the fact that RJ has a predominant repro-
protective role in humans and animals. 
Recently, it has been revealed that oral 
administration of RJ counters “summer 
infertility” in male rabbits [24]. Furthermore, 
results of a study on 99 couples with 
asthenospermia-induced infertility have 
revealed that a simple and efficient way of 
treating this condition is the intravaginal 
administration of RJ and honey [25]. 
Additionally, it has been found that RJ has a 
potential positive effect on development of 
genital organ in male mice due to its highly 
efficient anti-oxidant properties [27]. 

In the present study, RJ co-
administration provided effective protection 
against OXM-induced oxidative injuries in 
mouse testis. This reinforces the fact that RJ 
as a potent and safe antioxidant has beneficial 
effects against oxidative stress–related 
toxicities. The reason why RJ co-
administration attenuated OXM-induced 
reproductive toxicity could be attributed to 
the fact that it contains spermatogenesis-
stimulating substances such as vitamin C, 
vitamin E, and arginine [40]. Moreover, it has 
been demonstrated that RJ inhibits the 
production of pro-inflammatory cytokines by 
activated macrophages [41]. 

CONCLUSION 
In sum, it can be concluded that RJ has 

a protective effect against OXM-induced 
reproductive toxicities through restoration of 
antioxidant defense system.  
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