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ABSTRACT 

BACKGROUND AND OBJECTIVE: As a medicinal compound, nicotine has adverse effects on the male 

reproductive system. Since royal jelly can modify the oxidative stress through its antioxidant properties, this study was 

conducted to investigate the protective effect of royal jelly on testicular tissue and sperm parameters in adult mice 

treated with nicotine.  

METHODS: In this experimental study, 36 adult male mice were randomly divided into six groups of six. The first 

group received physiologic serum, the second group received royal jelly at 100 mg/kg/day, and the third and fourth 

groups received nicotine at 0.5 mg/kg/day and 1 mg/kg/day, respectively. The fifth and sixth groups received 0.5 

mg/kg/day and 1 mg/kg/day royal jelly in addition to nicotine, respectively. After weighing and dissection, left testicles 

were used for histological studies and left epididymal sperm were used for sperm evaluations.  

FINDINGS: Nicotine caused a significant decrease in spermatogonial cells (0.5: 36.40±2.92 and 1: 31.80±5.12) and 

significant increase in non-motile (0.5: 36.40±2.92 and 1: 31.80±5.12), dead (0.5: 19.06±0.71 and 1: 25.38±1.41) and 

abnormal (0.5: 17.07±0.68 and 1: 32.25±1.27) sperm compared with the control group (8.12±0.27, 11.08±1.03 and 

8.36±0.61, respectively) (p<0.05). The co-administration of royal jelly significantly reduced the spermatogonial cell 

count (0.5+royal jelly: 43.25±3.80 and 1+royal jelly: 42.22±5.28) and improved the amount of non-motile (0.5+royal 

jelly: 11.01±1.49 and 1+royal jelly: 12.36±1.21), dead (0.5+royal jelly: 11.73±0.97 and 1+royal jelly: 12.31±1.07) and 

abnormal (0.5+royal jelly: 10.62±0.85 and 1+royal jelly: 11.82±0.96) sperm compared with groups treated with 

nicotine. 

CONCLUSION: The results of the study showed that royal jelly reduces reproductive toxicity of nicotine in mice by 

improving the testicular structure and sperm parameters. 
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Introduction 

Smoking as one of the most important public 

health problems may have adverse effects on the 

fertility of men and women (1, 2). Nicotine, as a highly 

volatile alkaloid, is one of the most important 

components of cigarette smoke, which may have 

harmful effects on the body (3). There is clear 

evidence that nicotine increases oxidative stress, and 

lipid peroxidation, and decreases antioxidant activity 

in the male reproductive system (4).  

On the one hand, spermatozoa is prone to oxidative 

damage because of high levels of unsaturated fatty 

acids in the plasma membrane and low levels of 

cytoplasmic antioxidants. Studies have shown that 

administration of nicotine in experimental animals 

reduces testicular weight, and increases the 

malformation of the attached glands, epididymis, and 

vas deferens (6). On the other hand, it has been shown 

that the dose and exposure time of nicotine in mice is 

directly related to malignant changes in testicular 

tissue (7).  

Nicotine passes easily through the membrane of the 

body cells and is able to react with some intracellular 

components, such as the tubulin protein in the 

cytoplasm of dividing cells, such as the germ cells, and 

thereby, disrupts cell division (8). Moreover, reports 

show that nicotine causes degenerative changes in the 

seminiferous tubules, reduces spermatogenesis, and 

impairs testicular function (9). Nicotine consumption 

may damage the membrane and DNA of the sperm and 

induce apoptosis in testicular cells (10). Studies have 

also shown that administration of nicotine in mice 

thickens the tunica propria by increasing the collagen 

fibers of basal cell layer, destroys intercellular 

junctions of Sertoli cells, causes chromosomal 

abnormalities, leads to the formation of Sertoli cells 

with polymorphic mitochondria, degenerated germ 

cells, excessive accumulation of lipid droplets in the 

sperm cytoplasm and morphological abnormalities in 

the sperm (11).  

On the other hand, nicotine toxicity may be due to 

changes in the ratio of collagen fibers to myoid 

contractile cells, which may prevent proper release of 

sperm from germinal epithelium to the middle cavity 

of seminiferous tubules (11, 12). Previous reports have 

also shown that, in addition to reducing the sperm 

count, motility and viability, nicotine administration 

increases sperm deformity and apoptosis (13). Royal 

jelly is known as the food of the honey bee queen and 

is used by young larvae and the queen. This substance 

plays an important role in feeding the queen and is 

secreted from the pharyngeal glands of the young 

worker bees. Royal jelly is a milky-white substance 

with a strong smell, fruity flavor and high nutritional 

value. This gel is the cause of bigger size, high fertility 

and longer life of the queen (14).  

As a superfood, royal jelly consists of 66% water, 

15% sugar, 5% lipid and 13% protein, essential amino 

acids and vitamins (15). Royal jelly also has a variety 

of biological activities in cells and tissues and have 

stimulatory effects on different organs of the body and 

can improve their performance against oxidative stress 

(16, 17). In addition, royal jelly is considered as a 

stimulant to maintain the regular and normal activity of 

hormones, which is valuable in the treatment of 

chronic sexual dysfunction (18).  

So far, there has been no report on the adverse 

effects of royal jelly on biological systems. Due to its 

antioxidant properties against oxidative stress, the 

effects of oral administration of royal jelly on testicular 

tissue structure and sperm parameters in mice treated 

with nicotine have not been investigated. Therefore, 

the present study was conducted to investigate the 

possible protective effects of royal jelly on body and 

testicle weight, testicular tissue structure and motility, 

viability and morphology of epididymal sperm against 

reproductive toxicity of nicotine in white lab mice 

(BALB/C). 

 

 

Methods 

Nicotine (C10H14N2) solution was purchased from 

Sigma Co. (Germany) and two doses of 0.5 mg/kg and 

1 mg/kg were prepared by normal saline. The royal gel 

used in this study was prepared from beehives in the 

city of Urmia in August 2016 and after being approved 

by the Department of Health and Food of the Faculty 

of Veterinary Medicine, it was prepared at a dose of 

100 mg/kg.  

In this experimental study, 36 adult male Balb/c 

mice with a mean age of 60±5 were purchased from 

the animal house of the Urmia University of Medical 

Sciences. Animals were kept in a room with an 

ambient temperature of 24±2 °C and a humidity of 

75±5%, 12/12 natural light cycle and in 35 × 55 cm 

steel cages. The drinking water of animals was city tap 

water and they were fed with mice food (plate). All 

stages of this study were performed according to the 

rules of the principles for working with laboratory 

animals (European Commission Directive 
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86/609/EEC). They were kept in laboratory and in the 

cage for two weeks in order to adapt the animals to the 

environment. After this period, the animals were 

randomly divided equally (6 animals per group) into 6 

groups and were examined after 35 days. The first 

group received 0.20 ml normal saline orally as the 

control group. The second group received only 0.20 ml 

royal jelly at a dose of 100 mg/kg/day. The third group 

received 0.2 ml nicotine at a dose of 0.50 mg/kg/day 

orally. The fourth group received 0.2 ml nicotine at a 

dose of 1 mg/kg/day orally. The fifth group received 

0.2 ml nicotine at a dose of 0.5 mg/kg/day and 0.2 ml 

royal jelly at a dose of 100 mg/kg/day orally. In the 

sixth group, 0.2 ml of nicotine at a dose of 1 

mg/kg/day and 0.2 ml royal jelly at a dose of 100 

mg/kg/day were administered orally. At the end of the 

treatment period and 24 hours after the last treatment, 

all the mice in the six groups were anesthetized with 

ketamine and were subsequently sacrificed after 

weighing.  

In order to evaluate the sperm characteristics, the 

epididymis was first separated from the testicular 

tissue under a 20X Magnifying Loupe and the 

surrounding tissues were cleaned after the autopsy. 

Immediately, the epididymal tail was placed in a petri 

dish containing one ml of human tubal fluid (HTF). 

Then, the epididymal tail was crushed into small 

pieces in the medium and remained in the incubator for 

20 minutes to allow the sperm to leave the epididymis. 

Finally, the suspension containing sperm was diluted at 

a ratio of 1 to 20 using the culture medium. All the 

used equipment and the culture medium were placed in 

a 37 °C incubator before use to prevent thermal shock 

and damage to sperm (19).  

To determine the sperm motility, one drop of the 

diluted solution was placed on a microscope slide and 

ten microscopic fields of view were examined at 400X 

magnification. Then, the total average of non – motile 

sperm in these ten fields of vision was recorded as the 

percentage of motility (19). To evaluate the number of 

sperm using a hemocytometer, ten microliters of the 

diluted sperm solution was placed on a hemocytometer 

and was left there without movement for five minutes 

to reduce sperm motility. The number of sperm per 

milliliter was calculated using the formula (d × 50000 

× n) and was calculated at 400X magnification using 

an optical microscope, where n is the number of sperm 

counted in five squares of the hemocytometer and d is 

the dilution of the suspension containing sperm (19). 

In order to evaluate the percentage of dead sperm and 

the morphologically abnormal sperm, the Eosin‐nigrosin 

staining technique was used. In this method, the 

differentiation of live sperm from dead sperm is based 

on the fact that sperm become permeated against the 

mentioned color due to the damage to the plasma 

membrane. Therefore, those sperm with stained head, 

neck or tail are considered as dead sperm. Sperm with 

cytoplasmic remnants and other morphological 

disorders were considered as abnormal sperm (Fig 1). 

Two hundred sperm were examined for each sample at 

400X magnification and the results were expressed as 

percent (19). After autopsy, the testis of the animals 

was measured by a laboratory scale (with 0.001 gr 

accuracy) and tissue samples of the testicle were 

removed while following the principles of sterile 

technique, and the left testicles were transferred to a 

10% formalin solution for fixing (20). 

 

 

 

 

 

 

 

 

 

Figure 1. Some morphological abnormalities of sperm in 

nicotine – treated groups. A: Normal sperm. B: Without 

tail. C: Circle head. D: Without head and containing 

proximal cytoplasmic. E: Curved head. F: Spiral tail. G 

Tied tail. Eosin‐nigrosin staining. 400X magnification. 

 

After fixing, tissue samples of the left testicle were 

placed in special containers with their specifications 

and were then molded using melted paraffin wax 

during the steps of tissue passage. Then, five–

micrometer sections were cut from paraffin molds 

using Microtome tool. Finally, Eosin‐nigrosin stain 

and Periodic acid–Schiff stain were used to stain the 

samples. In the prepared tissue sections, in addition to 

counting spermatogenic and Sertoli cells based on 

morphology of cells (21), the diameter of the 

seminiferous tubules and the thickness of the germinal 

epithelium were also measured and recorded with the 

help of eyepiece. For counting the cells in each group, 

ten sections were randomly selected. In each section, 

ten seminiferous tubules were randomly measured and 

the cells were counted. Furthermore, Johnsen’s 

Spermatogenesis Index was used to evaluate 

spermatogenesis. For this purpose, the cross sections 
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of 100 seminiferous tubules in each animal were used 

and each tubule was scored from 1 to 10 according to 

the Johansen’s classification model (Table 1) (22). The 

histological sections were stained using Periodic acid–

Schiff (PAS) to study carbohydrate compounds, in 

which PAS-positive reaction was visible in red (23). 

Data were analyzed by SPSS software version 22 using 

one-way ANOVA and Tukey's Post Hoc Test, while 

p<0.05 was considered significant.  

 

Table 1. Evaluation of spermatogenesis based on 

Johnsen’s Spermatogenesis Index 

Score Histopathological appearance 

10 Complete spermatogenesis in all tubules 

9 
A large number late spermatid, irregular 

tubular epithelium 

8 Few late spermatid 

7 
Without late spermatid, a large number of 

premature spermatid 

6 
Without late spermatid, stopping at the early 

spermatid stage 

5 
A large number of spermatocytes without 

spermatid cells 

4 Stopping in primary spermatocyte 

3 Only spermatogonia cells 

2 Only Sentoli cell 

1 Tuberous sclerosis 

 

Results 

Weight of body and testicle: The present study 

showed that the mean body weight and testicular 

weight of animals in nicotine – treated groups were 

significantly lower than the controls and royal jelly 

group (p<0.05). However, in the groups receiving 

royal jelly and nicotine, there was a significant 

increase (p<0.05) in body weight and testicular weight 

in comparison with groups receiving nicotine alone 

(Table 2).  

Evaluation of the characteristics of the epididymal 

sperm: The results from evaluation of sperm 

parameters showed that dose-dependent administration 

of nicotine significantly decreased (p<0.05) the mean 

sperm count and significantly increased (p < 0.05) 

dead, immature sperm and sperm with abnormal 

morphology compared to the control group and royal 

gel group.  

On the other hand, the simultaneous administration 

of royal jelly and nicotine significantly increased 

(p<0.05) the sperm count and significantly decreased 

(p<0.05) dead and non-motile sperm and sperm with 

abnormal morphology compared to groups that 

received nicotine alone (Fig 2, 3).  

Counting testicular germ cells and Sertoli cells: The 

results related to germ cell and Sertoli also indicated 

that the mean count of spermatogenic cells, primary 

spermatocyte, spermatid, and Sertoli cells in the 

nicotine – receiving groups in both doses showed 

significant difference (p<0.05) with the control group 

(Table 3). On the other hand, simultaneous 

administration of royal jelly and nicotine resulted in a 

significant increase (p<0.05) in the number of 

spermatogenic and Sertoli cells compared to groups 

receiving nicotine alone (Table 3).  

Evaluation of spermatogenesis: The results of 

evaluation of spermatogenesis revealed that there was 

a significant decrease (p<0.05) in Johnsen’s 

Spermatogenesis Index in the nicotine–receiving 

groups at both doses compared to the control and royal 

jelly groups. On the other hand, in groups receiving 

both royal jelly and nicotine, there was a significant 

improvement (p<0.05) in spermatogenesis progression 

compared to groups receiving nicotine alone (Fig 4).  

Morphometric evaluation of seminiferous tubules: 

Based on morphometric evaluations, the thickness of 

germinal epithelium and the diameter of the 

seminiferous tubules showed significant decrease in 

groups receiving nicotine dose-dependently compared 

with control group and royal jelly group (p<0.05). 

However, in nicotine + royal jelly groups, there was a 

significant increase (p<0.05) in histological parameters 

compared to groups treated with nicotine (Table 4).  

Morphology of testicular tissue: The evaluation of 

the testicular tissue morphology showed that the 

seminiferous tubules and their germinal epithelium 

have a normal structure in the control and royal jelly 

groups. The atrophy of the seminiferous tubules, tissue 

edema, and loss of germinal epithelium height were 

observed in the testicles of mice treated with nicotine. 

The germinal epithelium of the seminiferous tubules of 

these animals has lost its conjunction and vacuoles 

could be observed in spermatogenic epithelium in 

some areas.  

Tissue damage and changes in the testicles were 

significantly reduced in groups receiving royal jelly 

and nicotine. After PAS staining, it became evident 

that the Leydig cells in the control group and royal 

jelly group showed the most reaction to PAS staining 

and the germinal epithelium of the seminiferous 

tubules also showed PAS-positive reaction (Fig 2). In 

the groups treated with nicotine, the reaction to PAS 
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staining in the Leydig cells and the germinal 

epithelium of the seminiferous tubules decreased 

significantly. In the groups receiving nicotine+royal 

jelly, the reaction to PAS staining in Leydig cells and 

germinal epithelium of the seminiferous tubules was 

similar to that of the control group (Fig 5).  

 

Table 2. Comparison of the body weight and testicle weight of mice in different experimental groups 

Testicle 

weight (mg) 

Body weight after 

treatment (g) 

Body weight before 

treatment (g) 

Weight 

Groups 

97.64±3.11 a 32.98±2.48 a 31.68±1.25 a Control 

97.51±4.59 a 32.00±2.69 a 31.12±1.16 a Royal jelly 

79.42±3.48 b 27.46±2.69 b 32.01±1.42 a Nicotine 0.50 

68.12±2.99 c 25.38±2.51 b 31.09±1.09 a Nicotine 1.00 

96.69±4.51 a 31.44±1.69 a 31.74±1.06 a Nicotine 0.50+Royal Jelly 

94.58±2.27 a 32.66±1.30 a 31.74±1.57 a Nicotine 1.00+Royal Jelly 

Non-similar letters in each column indicate a significant difference (p<0.05) 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Comparison of the sperm count in different experimental groups. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Comparison of dead, non-motile, sperm and sperm with abnormal morphology in different 

experimental groups. Non-similar letters in each column indicate a significant difference (p<0.05) 

 

 

 

 

 

 

 

 

 

Figure 4. Comparison of the mean Johnsen’s Spermatogenesis Index in different experimental groups 

Non-similar letters in each column indicate a significant difference (p<0.05) 
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Table 3. Comparison of the number of spermatogonium, spermatocyte, spermatid and Sertoli cells in different 

experimental groups 

Sertoli 

Mean±SD 

Spermatid 

Mean±SD 

Spermatocyte 

Mean±SD 

Spermatogonium 

Mean±SD 
Group 

16.80±1.27 a 106.78±14.68 a 50.19±3.19 a 48.67±4.21 a Control 

17.33±1.71 a 112.84±28.35 a 48.79±2.41 a 48.94±4.20 a Royal jelly 

13.48±1.37 b 70.69±9.04 b 39.23±2.07 b 36.40±2.92 b Nicotine 0.50 

13.11±1.53 b 68.14±4.05 b 31.11±4.01 c 31.80±5.12 b Nicotine 1.00 

16.36±0.81 a 98.38±10.82 a 49.34±5.88 a 43.25±3.80 a Nicotine 0.50 + Royal Jelly 

16.37±1.44 a 97.77±5.96 a 46.66±4.30 a,b 42.22±5.28 a Nicotine 1.00 + Royal Jelly 

Non-similar letters in each column indicate a significant difference (p < 0.05) 

 

Table 4. Comparison of the mean morphometric parameters of seminiferous tubules in  

different experimental groups 

Thickness of the germinal epithelium 

micrometer 

(Mean±SD) 

Diameter of seminiferous tubules 

Micrometer 

(Mean±SD) 

Groups 

38.93±3.65 a 150.02±3.87 a Royal jelly 

39.03±4.76 a 153.58±5.06 a Nicotine 0.50 

26.29±2.88 b 126.88±4.91 b Nicotine 1.00 

22.44±2.70 b 60.44±6.44 b Nicotine 0.50 + Royal Jelly 

38.31±3.96 a 144.42±5.48 a Nicotine 1.00 + Royal Jelly 

38.18±4.28 a 137.84±5.16 a Royal jelly 

Non-similar letters in each column indicate a significant difference (p < 0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Cross section of testicular tissue in control groups (A), royal jelly (B), nicotine 0.50 (C), nicotine 0.50 + royal jelly 

(D), nicotine 1 (E), and nicotine 1 + royal jelly (F). In groups A and B, the organization of the seminiferous tubules and the 

spermatogenesis process are normal, and PAS-positive granules are observed in Leydig cells (red arrows) and germinal 

epithelium (black arrows). In groups C and E, seminiferous tubules have lost their normal structure and the 

spermatogenesis process has been impaired. In addition, PAS-positive reaction in germinal epithelium of the seminiferous 

tubules of group C decreased significantly, and in group E, PAS-positive granules were not observed in germinal epithelium 

and decreased significantly in Leydig cells. Improvement was observed in the structure of seminiferous tubules and the 

spermatogenesis process in groups D and F. PAS-positive reactions also increased in Leydig cells in these groups and PAS-

positive reactions were observed in the germinal epithelium similar to the control group (PAS staining, 600X magnification).  
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Discussion 

In this study, royal jelly administration in animals 

treated with both doses of nicotine improved testicular 

damage and sperm abnormalities compared to mice 

receiving nicotine alone. The results of this study 

showed that there was a significant decrease in the 

weight of nicotine–receiving mice, which was 

consistent with previous studies on laboratory animals 

regarding the role of nicotine in reducing body weight 

(24). It seems that nicotine reduces body weight due to 

its inhibitory role in food intake, inhibition of protein 

synthesis, and reduction of protein and lipid mass (25).  

Furthermore, the results of this study showed that 

nicotine administration decreases testicular weight, 

which is an important indicator for evaluation of 

reproductive toxicity in male animals. Examinations in 

this study showed that nicotine in both doses reduced 

the quality and quantity of epididymal sperm.  

The present study, consistent with previous studies 

(26, 27), showed that nicotine significantly reduced the 

sperm count per milliliter and significantly increased 

the dead, and non-motile sperm and sperm with 

abnormal morphology. Nicotine can increase the death 

of sperm by reducing and damaging Leydig and Sertoli 

cells, which contribute to secretion of testosterone and 

the conversion of spermatogonial cells into sperm cells 

(28). Cigarette smoke also consists of harmful 

substances such as nicotine, and previous reports have 

also shown that cigarette increases morphological 

abnormalities and apoptotic changes in epididymal 

sperm (29).  

In the present study, the number of spermatogenic 

cells of testicular tissue in nicotine – treated mice 

showed a significant decrease in the number of germ 

cells (spermatogonia, spermatocyte and spermatid) as 

well as the number of Sertoli cells, which was 

consistent with previous studies in this field (9, 30). 

Studies in this regard have also shown that 

administration of nicotine in mice is associated with a 

reduction in the number of spermatogenesis cells and 

impairment in the process of germ cell proliferation, 

which also confirms the findings regarding evaluation 

of spermatogenesis in this study (7). Consistent with 

the results of the present study, previous reports have 

also shown that nicotine decreases the diameter of 

seminiferous tubules and the thickness of the germinal 

epithelium, and increases the space of the internal 

cavity of the seminiferous tubules by decreasing the 

population of testicular germ cells (31). 

Carbohydrates, particularly glucose, are the main 

source of energy in the division of mitotic cells, and 

the blood-testis barrier is the main route of transfer of 

glucose into testicular seminiferous tubules (32). 

Testicular germ cells also use lactate as an energy 

source that is responsible for stimulating protein and 

RNA synthesis (33). In this study, the germinal 

epithelium of the seminiferous tubules in groups 

receiving nicotine showed a poor reaction to PAS 

staining, which may indicate impairment in glucose 

transfer (35).  

The results of this study also showed that royal 

jelly can play a significant protective role as an 

antioxidant against the toxic effects of nicotine in the 

reproductive system. Previous reports also indicated 

the significant protective effect of this substance 

against reproductive disorders caused by bleomycin in 

male mice and also the oxidative damage caused by 

oxymetholone in the testicular tissue of mice (35, 36). 

Consistent with these findings, recent studies have also 

shown that royal jelly can improve the complications 

of diabetes in testicles of mice due to its significant 

antioxidant activity (37).  

Based on the results of this study, it was found that 

nicotine causes testicular tissue damage, decreases the 

quantity and quality of sperm, and disrupts the 

metabolic cycle of carbohydrates in the testicular 

tissue of mice, while royal jelly, as a potential 

antioxidant, is able to improve testicular damage and 

sperm abnormalities in nicotine-induced reproductive 

toxicity in mice. 
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