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 This study evaluated the possible protective effect of royal jelly (RJ) on sperm parameters 
and sperm malondialdehyde (MDA) concentration and in vitro fertilizing potential in nicotine 
(NIC) exposed male mice. Thrtiy-six male BALB/c mice were randomly divided into six 
groups (n = 6). Group 1 received normal saline, group 2 received 100 mg kg-1 per day RJ, 
groups 3 and 4 received NIC at doses of 0.50 and 1.00 mg kg-1 per day, respectively and 
groups 5 and 6 received NIC at doses of 0.50 and 1.00 mg kg-1 per day, respectively plus RJ. 
Caudal epididymal sperm characteristics, lipid peroxidation and in vitro fertilizing capacity 
and embryo development were evaluated after 35 days. The NIC treatment caused a 
significant decrease in sperm motility and viability and fertilization rate along with poor 
blastocyst formation and increased sperm DNA damage and MDA levels. Moreover, the 
incidences of chromatin abnormality in spermatozoa were significantly higher in NIC-
exposed mice than those of control. Nevertheless, RJ treatment improved sperm parameters 
and in vitro fertilization outcome as well as sperm lipid peroxidation level. Data from the 
current study suggest that RJ has a potential repro-protective action against NIC-induced 
sperm abnormalities and embryotoxicity in mice. 

© 2018 Urmia University. All rights reserved. 
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 کندژل رویال موش های نر را در برابر اختلال تولید مثلی ناشی از نیکوتین محافظت می

 چکیده 

سی در موش های نر تیمارشده با نیکوتین را مورد بررسی قرار داد. اسپرم و توان باروری آزمایشگاهی  غلظت مالون دی آلدئیدو رمی این مطالعه اثر محافظتی احتمالی ژل رویال بر روی فراسنجه های اسپ

ر کیلوگرم روزانه، گروه های سوم و چهارم میلی گرم ب 011تایی تقسیم شدند. گروه اول سرم فیزیولوژی، گروه دوم ژل رویال به میزان  6به شش گروه  تصادفی به صورت BALB/cسر موش نر نژاد  و شش

میلی گرم بر کیلوگرم روزانه، ژل رویال را دریافت نمودند.  11/0و  01/1میلی گرم بر کیلوگرم روزانه و گروه های پنجم و ششم به همراه نیکوتین به ترتیب به میزان  11/0و  01/1به ترتیب نیکوتین به میزان 

روز مورد ارزیابی قرار گرفتند. درمان با نیکوتین موجب کاهش قابل ملاحظه میزان تحرک و  50ظرفیت باروی آزمایشگاهی اسپرم دم اپیدیدیمی و رشد جنین پس از و ی خصوصیات ، پراکسیداسیون لیپید

در  ها. همچنین، میزان بروز ناهنجاری کروماتین در اسپرمداد  افزایشرا د اسپرم و سطوح مالون دی آلدئی DNAو آسیب گردید قابلیت زنده مانی اسپرم و میزان باروری به همراه بلاستوسیت زایی نامطلوب 

اسپرم یشگاهی در کنار سطح پراکسیداسیون لیپیدی با نیکوتین نسبت به گروه شاهد به شکل معنی داری بالاتر بود. با این وجود، درمان با ژل رویال فراسنجه های اسپرمی و میزان لقاح آزما تیمارشده موش های

اسپرمی و سمیتّ جنینی ناشی از نیکوتین در های در برابر ناهنجاری را بهبود بخشید. بر اساس داده های مطالعه حاضر چنین به نظر می رسد که ژل رویال دارای عملکرد بالقوه در محافظت از دستگاه تولیدمثل 

 موش ها می باشد.
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Introduction 
 

Infertility, as one of the health problems, causes 
detrimental effects in personal, social and economic 
domains and is observed in 10.00 to 15.00% of the 
couples. For many years, it was imagined that most 
reproductive failures could be attributed to the female 
partner but numerous reports have demonstrated that 
30.00 to 50.00% of infertilities are caused by a male factor.1 

Cigarette smoke, one of the largest public health 
problems, contains many toxic chemical compounds 
causing reduced sperm quality and reproductive failure.2 
Indeed, nicotine (NIC) is an active substance in tobacco 
and many researchers have focused on its adverse effects 
on male reproductive function. It was found that NIC 
administration in experimental animals affects 
spermatogenesis and epididymal sperms count, motility 
and fertilizing capacity, decreases testosterone level, 
impairs Leydig cells function and leads to various 
histopathological changes in testicular tissue.2,3-6  

Accordingly, NIC has been attributed to increased 
oxidative stress level in seminal plasma.7 Moreover, NIC 
not only increases sperm abnormalities, but also causes 
negative effects on sperm plasma membrane integrity 
and DNA reducing the capacity of fusion with oocytes.8 

Royal jelly (RJ) as the most important beehive product 
is secreted from the salivary glands of worker honeybees 
and serves as a primary super food for the queen and 
larvae during their first three days of life.9 The RJ includes 
several important compounds such as sugars, free amino 
acids, fatty acids, minerals (e.g., calcium) and vitamins with 
biological activities.10 It has been shown to have anti-
inflammatory, immunomodulatory and anti-tumor 
functions as well as antioxidant properties.10 Although 
previous studies have indicated that RJ has significant 
positive effects on reproductive system and fertility, less 
attention has been directed towards disclosing its 
potential in protection against drug-induced sperm lipid 
peroxidation and abnormalities and embryotoxicities.11 

In vitro fertilization (IVF) was developed primarily for 
treatment of female infertility.12 However, with improved 
methods; it became apparent that lower concentrations of 
motile spermatozoa were required to achieve fertilization 
than originally expected. With this in mind, the idea was 
put forward that as long as suitable numbers of motile 
spermatozoa were obtained, IVF could be used for 
treatment of infertility due to subfertile semen.13  

Based on this concept, the present study was carried 
out to examine the possible protective role of RJ in 
preventing NIC-induced sperm impairment and lipid 
peroxidation and IVF outcome disturbances in mice. 

 
Materials and Methods 
 

Preparation of NIC and RJ. The NIC solution (C10H14N2, 
 

 CAS No. 54-11-5) was purchased from Merck Company 
(Merck, Germany). The doses and administration route 
were selected according to Oyeyipo et al.2 Fresh RJ was 
obtained from a local beekeeping association (Urmia, Iran) 
and stored at –20 ˚C until use.  

Animals. For this study, 36 male BALB/c mice with 
weight range of 25-30 g were purchased from authorized 
laboratory animal breeding center (Laboratory Animal 
House, Urmia University, Urmia, Iran). They were housed 
in a specific pathogen-free environment under standard 
conditions of temperature (22.00 ± 2.00 ˚C), relative 
humidity (50.00 ± 10.00%) and light (12 hr light/dark), 
fed with a standard pellet diet and had free access to 
water. Clinical and behavioral observations were recorded 
throughout the study. Animal work was conducted in 
compliance with Guidelines for the Humane Care and Use 
of Laboratory Animals using protocols approved by the 
Urmia University (No. 2.PAD.159, 2018.01.29). Following 
15 days of acclimatization to the new environment, the 
male mice were randomly divided into six experimental 
groups, each comprises of six animals. Group 1 was 
provided as a control group receiving 0.20 mL normal 
saline orally throughout the experiment. Group 2 was 
provided as a RJ control group receiving 100 mg kg-1 per 
day RJ dissolved in 0.20 mL normal saline orally.14 Groups 
3 and 4 were received NIC dissolved in 0.20 mL normal 
saline at doses of 0.50 and 1.00 mg kg-1 per day; orally, 
respectively. Groups 5 and 6 were received NIC at doses of 
0.50 and 1.00 mg kg-1 per day; orally, dissolved in 0.20 mL 
normal saline, respectively plus 100 mg kg-1 per day RJ; 
orally. The experiment period was 35 days. 

Caudal epididymal sperm sampling. All animals 
were euthanized following anesthesia with ketamine (75 
mg kg-1; IP) (Alfasan International, Woerden, Holland) 24 
hr after the experiment period.15 A vertical midline lower 
abdominal incision was made and epididymides were 
carefully dissected out and cleaned of adhering connective 
tissue under a 20× magnification provided by a stereo 
zoom microscope (Model TL2; Olympus, Tokyo, Japan). 
Epididymal tails were cut into 2-3 pieces, transferred to 1 
mL of human tubal fluid (HTF; Sigma, St. Louis, USA) 
medium and incubated for 10 min at 37 ˚C in an 
atmosphere of 5.00% CO2 incubator to allow sperms to 
swim out of the epididymal tubules.14 After that, samples 
were evaluated for sperm characteristics and in vitro 
fertilizing potential as well as lipid peroxidation levels. 

Evaluation of sperm parameters. For counting 
sperm density, after dilution of epididymal sperm to 1:20 
in HTF medium, approximately 10 μL of diluted specimen 
was transferred to each of the counting chambers of the 
hemocytometer, which was allowed to stand for five min 
in a humid chamber to prevent drying. The cells were 
sedimented during this time and counted with a light 
microscope at 400×. The sperm density was expressed as 
the number of sperm per milliliter.14 The percentage of 
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sperm motility was evaluated by a light microscope 
(Olympus) at 400×. For this analysis, one drop of sperm 
suspension was placed on a hot (37 ˚C) glass slide which 
was then covered with a lamella. After that, the numbers of 
sperms with rapid progressive forward movement 
(RPFM), slow progressive forward movement (SPFM), 
circumferential motion (CM) and those which remained 
motionless (ML) were recorded in ten different 
microscopic fields.16 In order to sperm viability evaluation, 
20 µL of 0.50% eosin Y and nigrosin were added into an 
equal volume of sperm suspension. After 2 min of 
incubation at room temperature, slides were examined by 
light microscope at 400×. Dead sperms were appeared to 
be pink and live sperms were not stained. In each sample, 
400 sperms were counted and viability percentages were 
calculated.17 To determine typical form percentages, 
sperm smears were prepared on clean and grease free 
slides, allowed to be air-dried overnight, stained with 
1.00% eosin-Y/5.00% nigrosin and examined at 400× (Fig. 
1). The teratozoospermia index (TZI) was defined as the 
number of abnormalities present per abnormal 
spermatozoon. Each abnormal spermatozoon can have 
one to four abnormalities including head, neck/mid piece 
and tail defects or presence of cytoplasmic residues. The 
spermatozoa were recorded as normal or abnormal and 
distributed into specific groups (head, neck/mid piece and 
tail defects or cytoplasmic residues groups). The total 
number of abnormalities was then added together and 
divided by the number of abnormal spermatozoa.18 The 
sperm deformity index (SDI) was calculated through 
dividing the total number of deformities observed by the 
number of sperms that were randomly selected and 
evaluated irrespective of their morphological normality.19 

Assessment of sperm chromatin quality. Aniline 
blue (AB), a cytochemically based dye, is used for detection 
of excessive histones in process of sperm chromatin 
condensation.20 A drop of spermatozoa suspension was 
spread on glass slides and allowed to be air-dried. All 
smears were fixed in 3.00% glutaraldehyde in phosphate 
buffered saline. The slides were then stained with 5.00% 
aqueous AB and mixed with 4.00% acetic acid (pH=3.50) 
for 5 min. Sperm heads containing immature nuclear 
chromatin were stained blue, whereas those with mature 
nuclei did not stain (Fig. 1). The percentage of 
spermatozoa that stained with AB was determined by 
counting 400 spermatozoa.21 

Assessment of sperm DNA damage. Sperm DNA 
integrity was determined by acridine-orange (AO) 
staining. A drop of sperm suspension was spread on the 
glass slides and allowed to be air-dried. All smears were 
fixed in methanol acetic acid at 1:3 v/v for 2 hr. The slides 
were then stained with AO solution in phosphate citrate 
for 5 min and rinsed with deionized water. The sperms 
were evaluated by a fluorescence microscope (Zeiss, 
Oberkochen, Germany) and two types of staining patterns 
 

 were identified including green (double-stranded DNA) 
and yellow (single-stranded DNA) sperms (Fig. 1).22 

Assessment of sperm lipid peroxidation. Sperm 
lipid peroxidation was assessed by a specific spectro-
photometric method.23 Briefly, 50 µL of 0.20% butylated 
hydroxytoluene (dissolved in ethanol) and 1.00 mL of 
15.00% aqueous trichloroacetic acid were added to 50 µL 
of sperm. The mixture was then centrifuged at 4,000 g for 
15 min at 4 ˚C. An aliquot of 500 μL of deproteinized 
supernatant was added to 1.00 mL thiobarbituric acid 
(0.375% in 0.25 M HCl) and the mixture was heated at 100 
˚C for 20 min. After cooling, the solution was analyzed by a 
spectrophotometer at 532 nm. 

Oocyte pickup. To induce superovulation, 108 female 
BALB/c mice were injected intraperitoneally with 10 IU of 
pregnant mare’s serum gonadotropin (PMSG; Folligon, 
Boxmeer, Netherlands) and 10.00 IU of human chorionic 
gonadotropin (hCG; Folligon) 48 hr later.24 Fourteen hr 
after hCG administration, females were sacrificed by 
cervical dislocation following anesthesia with ketamine 
(75 mg kg-1; IP) and their oviducts were immediately 
excised and placed in Petri dishes containing HTF medium. 
Using the TL2 stereo zoom microscope, the ampullary 
portion was found and cumulus–oocyte complex was 
picked up and moved to the fertilization droplets under 
mineral oil containing HTF medium. 

 
 
 
 
 
 
 

 
 

Fig. 1. Photomicrograph of mice epididyimal spermatozoa. DS: 
Dead sperm, LS: Live sperm, MN: Mature nucleus, IMN: Immature 
nuclei, SSD: Single-strand DNA, DSD: Double-strand DNA (1000×). 
 

The IVF process and microscopic evaluation. The 
IVF was performed as previously described.25 Following 
capacitation step, sperms (1×106 mL-1 HTF) were added to 
the medium. Fertilization rate was determined after 4 to 6 
hr through two pronuclei observations. Then, granulosa 
cells were denuded and washed and zygotes were 
transferred into the fresh pre-equilibrated medium and 
cultured for five days. Evaluation of two-cell embryos was 
done 24 hr after fertilization. The percentages of 
blastocysts and hatched embryos were estimated 4 and 5 
days after IVF, respectively (Fig. 2).26 

Statistical analysis. The data were expressed as mean 
± SD. The variables were analyzed by one-way analysis of 
variance followed by Tukey’s test for post hoc 
comparisons using Statistical Package for the Social 
Sciences, (version 18.0, SPSS Inc., Chicago, USA). The 
statistical significance level was set at p < 0.05. 
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Fig. 2. Photomicrograph of pre-implantation embryo development. 
A) Fertilized oocyte, B) Unfertilized oocyte, C) 2-cell embryo, D) 
Arrested 2-cell embryo, E) Compact morula, F) Arrested morula, G) 
Blastocyst, H) Hatched embryo. 
 

Results 
 

Sperm characteristics. Observations revealed a 
significant reduction in sperm density of NIC-received 
animals compared to control groups, meanwhile, co-
administration of RJ led to increases in sperm density 
compared to NIC groups. In the groups which received low  
   

 
 
 
 
 

 and high doses of NIC compared to controls, significant  
reductions in RPFM were also observed (p < 0.05). 
Furthermore, SPFM and ML were increased in the NIC 
groups. Co-administration of RJ led to increase in RPFM 
compared to NIC groups. Moreover, there were significant 
(p < 0.05) lower percentages of sperm viability in NIC 
groups in comparison with control and RJ groups, 
meanwhile co-administration of RJ led to significant (p < 
0.05) increase in sperm viability compared to NIC groups. 
The SDI and TZI significantly (p < 0.05) increased in NIC-
treated groups compared to control and RJ groups. Co-
administration of RJ caused a significant (p < 0.05) 
decrease in the SDI and TZI. Additionally, a significant (p < 
0.05) lower percentage of normal morphology was seen in 
NIC-treated animals. However, RJ co-treatment caused a 
significant (p < 0.05) increase in this parameter (Table 1). 

Sperm MDA level. The NIC administration resulted in 
significant (p < 0.05) sperm MDA level elevation in 
comparison with control and RJ groups, meanwhile co-
administration of RJ significantly (p < 0.05) improved MDA 
concentration compared to NIC groups (Fig. 3A). 

Sperm chromatin condensation. Significant (p < 
0.05) increases in the percentage of spermatozoa with 
chromatin abnormalities were observed in low and high 
doses of NIC groups compared to control and RJ groups. 
The RJ co-administration resulted in a significant (p < 
0.05) decrease in the percentage of spermatozoa with 
chromatin abnormality compared to NIC groups (Fig. 3B). 

Sperm DNA integrity. Administration of low and high 
doses of the NIC significantly (p < 0.05) increased the 
number of spermatozoa with DNA damage, whereas co-
administration of RJ led to significant (p < 0.05) reductions 
in this parameter compared to NIC groups (Fig. 3C). 

The IVF outcome. In the groups which received low 
and high doses of NIC compared the controls, significant 
(p < 0.05) reductions in the numbers of zygote and two-
cell, blastocyst stage and hatched embryos along with 
significant (p < 0.05) increases in the percentages of 
arrested embryos were observed. Co-administration of 
RJ led to increases in the numbers of zygote and two-
cell, blastocyst stage and hatched embryos as well as 
reductions in arrested embryos percentages compared 
to NIC groups (Table 2). 

 Table 1. Effect of nicotine and royal jelly on epididymal sperm parameters. Data are presented as mean ± SD. 

parameters CON RJ NIC 0.50 NIC 1.00 NIC 0.50+ RJ NIC 1.00+ RJ 

Sperm density (106 mL-1) 47.04 ± 3.01a 47.35 ± 1.55a 34.38 ± 2.60b 26.03 ± 1.87c 46.24 ± 2.65a 42.90 ± 2.35a 

Sperm viability (%) 86.79 ± 4.21a 89.55 ± 3.10a 67.94 ± 3.00b 54.04 ± 2.77c 85.04 ± 4.62a 81.78 ± 2.37a 

Rapid progressive forward movement (%) 65.38 ± 2.54a 64.75 ± 2.41a 53.58 ± 2.50b 48.93 ± 3.31c 63.80 ± 2.40a 61.95 ± 1.89a 

Slow progressive forward movement (%) 16.30 ± 1.14a 17.16 ± 1.09a 20.50 ± 2.02b 24.64 ± 2.41c 16.55 ± 0.91a 16.93 ± 1.06a 

Circumferential motion (%) 11.89 ± 0.55a 12.13 ± 0.83a 9.72 ± 0.63b 9.75 ± 0.59b 11.49 ± 0.37a 11.10 ± 0.89a 

Motionless (%) 6.71 ± 0.73a 8.22 ± 0.54b 9.88 ± 0.54c 10.93 ± 0.96d 8.06 ± 0.60ab 6.90 ± 0.43a 

Typical form (%) 90.68 ± 1.29a 91.19 ± 1.05a 68.34 ± 2.78b 57.22 ± 2.81c 86.62 ± 2.27a 82.32 ± 2.71d 

Teratozoospermia index 1.08 ± 0.49a 1.05 ± 0.03a 1.33 ± 0.03b 1.59 ± 0.07c 1.14 ± 0.04a 1.25 ± 0.06b 

Sperm deformity index 0.36 ± 0.02a 0.33 ± 0.02a 0.52 ± 0.03b 0.72 ± 0.03c 0.37 ± 0.03a 0.39 ± 0.02ad 

CON: Control, RJ: Royal jelly, NIC 0.50: Nicotine 0.50 mg kg-1 per day, NIC 1.00: Nicotine 1.00 mg kg-1 per day.  
abcd Different superscripts in the same row show significant differences between groups (p < 0.05). 
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Discussion 
 

The present study demonstrated that RJ co-treatment 
attenuates NIC-induced reproductive failure in mice. 
According to pharmaceutical and nutritive features, RJ is a 
highly effective antioxidant and protects cells against 
reactive oxygen species (ROS)-induced oxidative stress, 
lipid peroxidation and DNA damages.27 In vivo studies have 
shown that RJ leads to increases in the production of 
hormones such as testosterone, progesterone and 
luteinizing hormone.28 In addition, administration of RJ to 
the heat-stressed male rabbits has resulted in remarkable 
reproductive performance increases and physiological 
status improvements.29 It is well known that smoking 
increases the ROS production that may defeat the 
antioxidants defense system of the body resulting in 
oxidative damages to proteins, lipids and DNA.30 
Moreover, previous reports have revealed that cigarette 
smoke exposure can lead to sperm concentration, motility 
and normal morphology reductions.31 Further, it has been 
shown that NIC as a pharmacologically active and 
addictive alkaloid component of the cigarette smoke can 
adversely affect male reproductive system and fertility.6 

In the present study, confirming a previous report, NIC 
at both doses of 0.50 and 1.00 mg kg-1 per day caused 
reductions in epididymal sperm quality and density.2 
Previously, in vitro studies have showed that short-term 
consumption of cigarettes cannot affect the sperm motility. 
However, higher doses of NIC, which is used chronically, 
can significantly reduce sperm motility. Furthermore, it 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

has been demonstrated that serum level of NIC increases 
with smoking leading to spermatogenesis and sperm 
motility reductions.32 In fertile individuals, sperm motility 
levels have a direct relation to fertilization ability.33 Sperm 
motility is an important factor in natural fertility and low 
sperm motility is the cause of most of infertilities.34 Sperm 
motility examinations showed that in NIC-exposed 
animals, spermatozoa had low progressive movements, 
which might have negatively affect acrosomal reaction.4 
Moreover, following NIC administration, significant 
reductions in sperm count and motility along with 
remarkable increases of dead and abnormal sperms were 
recorded. Oxidative damage of unsaturated fatty acids in 
cell membranes of sperm cells and disruption of 
membrane permeability can lead to spermatogenesis 
impairment and sperm damages.35 Spermatological 
findings in this study may also be due to the effects of NIC 
on the epididymis via acting as a spermatotoxic agent on 
maturing and/or matured spermatozoa.36 

Cotinine, a NIC metabolite, similar to NIC, produces 
free radicals and ROS in different tissues and ROS in turn 
induce oxidative stress and lipid peroxidation leading to 
cellular damages.37 In addition, it is well-established that 
ROS are involved in etiology of male infertility.34 Sperm 
functions are extremely dependent on ROS due to high 
content of polyunsaturated fatty acids and limited ability 
of DNA repair.38 Recently, it has been revealed that ROS 
over-generations not only affect the fertilization process 
negatively but also cause spermatozoa damages through 
sperm dysfunctions induction such as motility, acrosomal 
 

 
 

Fig. 3. Effect of nicotine and royal jelly on A) sperm malondialdehyde concentration,  B) percentage of decondensed chromatin and C) 
percentage of sperm DNA fragmentation. The different superscripts are representative of significant differences. CON: Control, RJ: Royal 
jelly, NIC 0.50: Nicotine 0.50 mg kg-1 per day, NIC 1.00: Nicotine 1.00 mg kg-1 per day. 
 Table 2. Effect of nicotine and royal jelly on in vitro fertilization outcome. Data are presented as mean ± SD.  
Groups Oocyte (n) Number of Zygote Zygote (%) Two cell (%) Blastocyst (%) Hatched (%) Arrest (%) 
CON 57 51 90.89 ± 1.71a 88.01 ± 1.89a 77.26 ± 3.00a 69.51 ± 2.70a 10.09 ± 0.82a 

RJ 60 54 91.25 ± 2.83a 89.55 ± 1.97a 78.45 ± 2.87a 70.41 ± 2.44a 9.43 ± 1.37a 

NIC 0.50 53 40 77.34 ± 2.79b 74.81 ± 1.83b 63.97 ± 3.64b 52.13 ± 1.85b 21.85 ± 1.25b 

NIC 1.00 57 66 66.53 ± 2.97c 67.38 ± 3.88c 49.11 ± 4.06c 53.61 ± 2.44c 28.11 ± 1.84c 

NIC 0.50 +RJ 63 55 87.44 ± 2.12a 84.29 ± 4.53a 73.03 ± 3.44a 66.49 ± 3.51a 12.04 ± 1.43ad 

NIC 1.00 + RJ 53 45 85.46 ± 3.32a 83.69 ± 2.92a 70.32 ± 1.77ab 63.89 ± 3.86a 13.96 ± 1.37d 

CON: Control, RJ: Royal jelly, NIC 0.50: Nicotine 0.50 mg kg-1 per day, NIC 1.00: Nicotine 1.00 mg kg-1 per day. 
abcd Different superscripts in the same row show significant differences between groups (p < 0.05). 
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reaction and/or DNA integrity disruptions.39 Our 
findings showed that NIC at both doses of 0.50 and 1.00 
mg kg-1 per day caused increase in sperm MDA 
concentration. Previous studies have shown that 
abnormal sperms and seminal leukocytes are the main 
sources of ROS production.40 

Moreover, it has been indicated that 8.00% of infertile 
men with normal sperm parameters show high degrees of 
defective sperm chromatin and DNA.41 

The findings of the present study are in accordance 
with previous reports in which the administration of 
NIC led to high degrees of DNA and chromatin disorders 
in a dose-dependent manner.15 Accordingly, it has been 
shown that significant increases in ROS and lipid 
peroxidation products concentrations in spermatozoa 
of cigarette smoke-exposed mice lead to remarkable 
increases in DNA single- and double-strand breaks.42 
Normal sperm chromatin structure and integrity are 
essential for successful fertilization, embryo 
development and also appropriate function of sperm in 
the fertilization process.43 It has been shown that 
protamine deficiency and increased histone remnants 
in sperms result in premature chromatin condensation 
as a noticeable cause of fertilization and embryo 
development failures.44 In addition, sperm DNA is an 
important target of ROS attacks which lead to the 
formation of adducts between nitrogen bases, DNA 
molecule destabilization and eventually DNA-strand 
breaks. A growing body of evidence confirms negative 
associations between frequency of sperm DNA 
fragmentation and fertilization rate and embryo 
development.45 

Our finding also exhibited that NIC causes fertilization, 
blastulation and hatching rates reductions and increases 
arrested embryos percentages in a dose-dependent 
manner. The NIC-induced sperm motility suppression may 
result in reduction of spermatozoa number reaching the 
ampulla of oviduct and reduce the chances of fertilization. 
Previously, it has been demonstrated that cigarette 
smoking has detrimental effects on sperm fertilizing 
potentials.46 Further, NIC and cotinine, two important 
ingredients of cigarette smoke, were found to induce 
trophoblastic apoptosis in several cell lines through 
triggering caspase activation.47 

In this study, RJ co-treatment in mice improved 
epididymal sperms quantity, quality and in vitro fertilizing 
capacity as well as sperm lipid peroxidation level 
compared to NIC-only groups. It has been reported that RJ 
reinforces antioxidant defense system and ameliorates 
histological changes in diabetic rats.48 It has also been 
found that RJ improves sperm kinematic characteristics 
and DNA fragmentation and lipid peroxidation in 
oxymetholone-treated mice and provides protection 
against Stanozolol-induced spermatotoxicity and early 
embryonic development arrest.14  

 
 

 The RJ contains vitamins such as vitamin E and vitamin 
C which have been reported to reduce oxidative stress in 
diabetic patients.49 Moreover, it has been indicated that RJ 
has protective activity during sperm freezing.50 

In conclusion, taken together, the protection offered by 
RJ against NIC reprotoxicity in mice is likely thanks to its 
ability to inhibit oxidative stress by ROS neutralization as 
well as the chemical composition and physiological 
functions of its proteins and vitamins. 
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