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Abstract

Background: Nicotine administration can generate severe oxidative stress and lipid
peroxidation. Royal jelly, with its antioxidant properties, acts as a scavenger of reac-
tive oxygen species. This study describes the apitherapy effects of royal jelly on tes-
ticular damage following nicotine administration.

Methods: Forty-eight male BALB/c mice were divided into 8 groups (n = 6): saline, 3
different doses of royal jelly (100, 150, and 200 mg/kg body weight (BW) per day),
nicotine (1.5 mg/kg), and 3 different groups of Nic + Roy (1.5 mg/kg of Nic + 100,
150, and 200 mg/kg BW per day of royal jelly). Nicotine was administrated intraperi-
toneally, and royal jelly was prescribed orally for 10 consecutive days. Serum levels
of hormones (testosterone, luteinizing hormone, and follicle-stimulating hormone),
total antioxidant capacity, nitric oxide (NO) status, malondialdehyde levels, sperm
DNA fragmentation, sperm parameters, histopathological changes (H&E staining), im-
munohistochemistry against apoptotic proteins, and gene expression of Bcl-2, p53,
Caspase-3, and Nrf2 (real-time PCR) were assessed to evaluate the molecular and his-
tological changes.

Results: Hormone levels, sperm parameters, and status of antioxidants were de-
creased significantly (p < .05) following nicotine administration. Moreover, royal jelly
treatment normalized hormonal and antioxidant characteristics, decreased apoptotic
gene expression, increased Nfr2 gene expression, and restored histopathological al-
teration to the physiological status significantly (p < .05).

Conclusion: Royal jelly upregulates the antioxidant status, inhibits the mitochondrial-
dependent apoptosis pathway, and increases the rate of proliferation. This thera-
peutic agent effectively protected the testis against nicotine-associated damages by

antioxidant and anti-apoptotic effects.
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1 | INTRODUCTION

Nicotine (Nic) as a pharmacologically active alkaloid stimulant with
highly toxic effects naturally occurs in the Solanaceae family of
plants. Nic constitutes 0.6%-3.0% of dry weight of tobacco, which
can potentially decrease the sperm quality, increase sperm DNA
damage, adversely affect testicular spermatogenesis, cause several
morphological abnormalities of spermatozoa, and reduce sexual hor-
mone levels. Nic-related infertility is reported in various studies.!

Royal jelly (Roy) is a honey-bee secretion that is used for nu-
trition of larvae and adult queens. It is secreted from the glands in
the hypopharynx of nursing bees, and fed to all larvae in the col-
ony. Roy consists of water (67%), protein (12.5%), simple monosac-
charide sugars (11%), fatty acids (6%), and 10-hydroxy-2-decanoic
acid (3.5%). It also contains trace minerals, antibacterial and anti-
biotic components, pantothenic acid (vitamin B5), pyridoxine (vita-
min B6), and vitamin C. According to former reports, Roy has many
pharmacological activities, including antioxidant, antiinflammatory,
antitumor, antimicrobial, and immune-modulatory functions.? Roy
is considered an important part of traditional medicine in Iran. The
most crucial component of male reproduction is testis, which is re-
lated to sperm production and sexual hormone secretion. This organ
structurally consists of seminiferous tubules surrounded by loose
connective tissues. The specific structure of testis makes this organ
potentially sensitive to damage such as dysregulation of the cellular
antioxidant system. Sperm has a small amount of cytoplasm to pre-
vent cell injury.

Thus, since Nic consumption is common among individuals in
society and this substance has adverse effects on the male sexual
system, in this experimental study we aimed to assess the apither-
apy effects of Roy on histopathologic testicular alteration following

Nic administration.

2 | MATERIALS AND METHODS

2.1 | Animal groups

Forty-eight male BALB/c adult mice (30 + 5 g, 8 weeks) were ob-
tained from the animal house of the university. They were kept under
standard conditions (22 + 2°C, 12/12-hours light/dark cycle, 60%
relative humidity, and free access to water and food) for 2 weeks for

adaptation to the new living environment.

2.2 | Experimental treatments

Nic solution was purchased (Merck-Germany) and fresh Roy was
obtained from the Center of Medicinal Plants (Tehran, Iran). All
substances were dissolved in normal saline before usage. The ani-
mals were randomly divided into 8 experimental groups (n = 6 in

each group). The control group received intraperitoneal injection of

normal saline (0.2 mL), in addition to the oral administration of Roy at
different doses of 100, 150, and 200 mg/kg. The animals in the Nic
group were administered 1.5 mg/kg Nic intraperitoneally to induce
Nic toxicity. Roy was administrated at 10 AM followed by intraperi-
toneal administration of Nic at 10:30 am for 10 consecutive days.®

2.3 | Tissue sampling

A day after the last administration (11th day of treatment), all animals
were anesthetized using intraperitoneal injection (50 IU) of ketamine
10 IU/xylazine 90 IU and then euthanized by cervical dislocation.
Following thoracotomy procedure, the blood sample was aspirated.
Then, both testes were dissected (left one for histological staining
and the right for genetic assessments). Epididymis was also dis-

sected for sperm collection.*

2.4 | Serological analysis of testosterone,
LH, and FSH

Sensitive enzyme immunoassay (EIA) was used for determination
of plasma levels of testosterone (Tes), luteinizing hormone (LH), and
follicle-stimulating hormone (FSH) utilizing the biotin-streptavidin-

peroxidase amplification system in a competitive-binding assay.’

2.5 | Sperm parameter assessment

Left epididymis was dissected and cut under a loop microscope (in
a Petri dish containing DMEM/F12). The released sperm was in-
cubated (7 minutes, 37°C) and then assessed on the basis of four
indices, that is, motility, viability, morphology, and count, according
to the protocol of Jalili et al. Motility and viability were assessed
using Trypan blue staining, and morphology of sperm was assessed
through Papa-Nikola staining.®

2.6 | Diameter of seminiferous tubules
After tissue preparation, the diameter index of seminiferous tubules
was measured using a Motic camera and software (Moticam 2000;

Spain) using the routine protocol of Roshankhah and coworkers.”

2.7 | FRAP assay

This biochemical technique was employed to assess the total antiox-
idant capacity of the serum after Roy administration. This technique
is based on the ability of plasma to reinstate ferric ions. Following
the application of the procedure, total antioxidant capacity values

were obtained using standard curves.®
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2.8 | NO and malondialdehyde (MDA)
measurement

NO levels as an index of oxidative stress were measured by Griess
assay. Following biochemical procedure according to the routine
protocol, the optical density (OD) of samples was measured by an
ELISA reader (Hyperion, USA) at a wavelength of 540 nm.® Also,
MDA levels of testicular tissue were evaluated as an index of lipid
peroxidation. In this regard, homogenized samples of testes were
treated by homogenization buffer (1.15% KCI solution) and centri-
fuged at 252 g (10 minutes). Then, the homogenized samples were
added to a reaction mixture containing SDS, acetic acid (pH 3.5),
thiobarbituric acid, and distilled water. After boiling the mixture at
95°C for 1 hour and centrifuging at 1008 g (10 minutes), the absor-
bency of the supernatant was measured by spectrophotometry at

550 nm wavelength.”

2.9 | Immunohistochemical (IHC) assay and
H&E staining

Protein expression of Bcl-2, p53, and Caspase-3 was measured using
IHC staining. Following antigen retrieval, the slides were incubated
with mouse monoclonal antibodies against these proteins. After a
day, the sections were incubated with biotinylated goat anti-mouse
IgG. Then, they were exposed to 3,3-diaminobenzidine substrate
as a chromogen. Harris hematoxylin staining was used for coun-
terstaining. On the basis of the published protocol of H&E staining,
the histological sections were treated as follows: removal of paraf-
fin wax using xylene, application of absolute alcohol for removal of
xylene, application of alcohol with descending concentration for hy-
dration, staining with colored solutions of hematoxylin and eosin,
application of alcohol with ascending concentration for dehydration,

and clarification of tissues with xylene.10

2.10 | Sperm DNA fragmentation (SDF) test

This test was conducted according to the Bakhtiari protocol to as-
sess the level of sperm DNA damage using sperm chromatin disper-
sion (SCD) assay. After slide preparation and bright-field microscopy
assessment, the spermatozoa with fragmented DNA exhibited a
small halo and the spermatozoa with no DNA fragmentation had

medium or big haloes.*

2.11 | Gene expression assessment

mRNA was isolated according to the standard TRIZOL method.
The quality and purity of the extracted RNA were measured
by NanoDrop-2000 spectrophotometer (Thermo
Washington, District of Columbia) at 260 nm with A260/280 nm

Scientific,

(1.8-2.0) and A260/230 (1.8-2.0), respectively. cDNA was synthe-
sized according to the manufacturer's protocol (Fermentas, GmbH,
Germany). After the RT-PCR reaction was carried out, the PCR
products were analyzed on 1.5% agarose gel electrophoresis and
gel densitometry assessments of the bands were done (Syngen,
InGenius 3, UK). The genes and related primers were: p53 (F:
GTACCTTATGAGCCACCCGA, R: AGAAGGTTCCCACTGGAGTC),
Bcl-2 (F: CTCGTCGCTACCGTCGTGACTTCG, R: ACCCCATCCCTGA
AGAGTTCC), Caspase-3 (F: TCTGACTGGAAAGCCGAAACTC,R: TCT
GACTGGAAAGCCGAAACTC), and Nrf2 (F: CAGCGACGGAAAGAG
TATGA, R: TGGGCAACCTGGGAGTAG). Also, GAPDH (F: AGAACAT
CATCCCTGCATCCAC, R: TCCCACTGTCTGTCTCAATGCCAC) was
designed as an internal control. All obtained gene expression data

were represented using the 2724 method.

2.12 | Ethical considerations

All animal manipulations were conducted in compliance with
the Guidelines for the Humane Care and Use of Laboratory
Animals using protocols approved by the university (ethics no.
KUMS.1398.738).

2.13 | Statistical analysis

Data are expressed as mean =+ standard deviation (SD). The variables
were analyzed by one-way analysis of variance followed by Tukey
post-hoc comparisons using SPSS (version 18.0, SPSS Inc., Chicago,
Illinois). The statistical significance level was considered p < .05.

3 | RESULTS

3.1 | Sperm parameter alteration

Following administration of Nic, all indices of viability, motility, count,
and morphology were decreased significantly (p < .05) in the Nic
group compared with control animals. Sperm viability, motility, and
morphology were increased significantly (p < .05) in the Nic + Roy
100 mg/kg and Nic + Roy 150 mg/kg groups compared with animals
of the Nic group. Also, the count of sperm was increased significantly
(p <.05) in animals of the Nic + Roy 200 mg/kg group compared with
the Nic group (Table 1).

3.2 | Diameter of seminiferous tubules

This index was decreased significantly (p < .05) in the Nic group
compared with control animals and was increased significantly
(p < .05) in the Nic + Roy 200 mg/kg group compared with the Nic
group (Table 1).
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TABLE 1 Effect of Nic and Roy on sperm parameters and seminiferous diamete

Experimental groups

Viability (%)

Motility (%)

Saline 69.51 + 1.68 1501+ 1.8
Nic 30.18 + 0.68 * 2.68 +0.2%
Roy 100 mg/kg 67.98 + 0.68 13.88 + 0.8
AS 150 mg/kg 72.28 +0.88 15.68 + 1.7
AS 200 mg/kg 68.98 +0.98 1491 +1.1
Nic + Roy 100 mg/kg 29.66 + 0.6 201+04
Nic + Roy 150 mg/kg 49.51 +0.58 12.68 +0.7°
Nic + Roy 200 mg/kg 50.02 + 0.38" 13.18 £ 0.5

Note: Data were presented as mean + SD.

Abbreviations: Nic; nicotine, Roy; royal jelly.

*p < 0.05 compared to Nic group.

#p < 0.05 compared to the control group.

Normal morphology

TABLE 2 Effect of Nic and Roy on levels of serum indices and sperm DNA fragmentation in male mice

Diameter of
seminiferous

Experimental groups Tes (ng/mL) FSH (ng/mL) LH (ng/mL)
Control 1.2+0.08 53+04 0.69 +0.02
Nic 0.3+0.02*  1.5+077%* 0.02+0.01*
Roy 100 mg/kg 1.1 +£0.04 5.3+0.18 0.73 +£0.03
Roy 150 mg/kg 1.1+0.01 5.2+0.08 0.78 + 0.02
Roy 200 mg/kg 1.2+0.03 4.87 +0.13 0.83+0.12
Nic + Roy 100 mg/kg 0.21+0.28 493 +0.12 0.05+0.13
Nic + Roy 150 mg/kg 0.27 £+ 0.18 42+0.2" 0.03 +£0.23
Nic + Roy 200 mg/kg 0.9 +0.98* 48 +0.59"  0.53 +0.45"

Note: Data were presented as mean + SD.

Count (10°) (%) tubules (pm)
8.68+1.4 47781 +0.7 189.9 + 3.2
0.26 + 0.7 13.1 +0.5% 108.3 + 2.8*
8.68+1.8 48.08 +0.8 186.8 +5.01
8.68 + 1.9 47.58 + 0.6 191.3+2.9
8.45+0.3 47.6 +0.4 192.04 + 1.9
2.28+04 14.38 + 0.14 108.4 + 4.1
2.38+0.01 28.28 + 0.4’ 104.7 + 4.12
7.18 + 1.08’ 43.32£0.3" 188.09 +3.2°
FRAP
(nmol/L) NO (OD) MDA (umol/L)  SDF (%)
22+01 28.5+1.2 0.5 +0.02 3717 +0.2
0.3+0.02* 4802 +3.2% 18.4 + 2.1* 63.5 +0.6"
2.8+0.2 31+0.6 0.08 + 0.00 36.12+0.1
2.7+09 28.01+1.1 0.01 +0.00 37.6+0.3
1.9+0.8 27.02 £2.2 0.01 +0.00 3610+ 0.2
1.82 +0.1% 30 + 2.01* 3.1 +0.90* 48.3 + 0.4*
1.92+0.8" 29.6 + 1.6" 3.00 + 0.7 49.01 +0.3"
2.3 +0.5% 32.3+1.8% 2.01+0.91% 47.6 + 0.1*

Abbreviations: FSH, follicular stimulating hormone; LH, leutenizig hormone; MDA, Malondialdehyde; Nic; nicotine; NO, nictric oxide; OD, optical

density; Roy, royal jelly; SDF, sperm DNA fragmentation; Tes, testesteone.
*p < 0.05 compared to Nicotine group.
#p < 0.05 compared to the control group.

3.3 | Testosterone, LH, and FSH measurement

Whole serum levels of Tes, LH, and FSH were decreased significantly
(p < .05) after Nic administration in the Nic group compared with
control animals. These values were increased significantly (p < .05)
in the Nic + Roy 200 mg/kg group compared with the Nic group.
FSH levels revealed an increase trend in the Nic + Roy 150 mg/kg

group compared with Nic animals (Table 2).

3.4 | Serum levels of FRAP

Serum levels of FRAP were significantly decreased in the Nic group
(p < .05) compared with the animals in the control group. Also, in
Nic + Roy animals receiving full doses of Roy, the FRAP levels showed
a significant increase (p < .05) compared with the Nic group (Table 2).

3.5 | Measurement of NO and MDA

NO and MDA levels were significantly higher in animals of the Nic
group than in the control (p < .05). Also, following administration of
Roy in Nic + Roy 100, 150, and 200 mg/kg groups, the NO and MDA
levels were decreased significantly (p < .05) compared with the Nic

group (Table 2).

3.6 | SDFindex

Fragmentation of sperm DNA was significantly higher in the Nic
group (p < .05) than in control animals. This value decreased
significantly (p < .05) following Roy administration in Nic + Roy
100, 150, and 200 mg/kg groups compared with Nic animals
(Table 2).
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3.7 | Histopathological observations

Following Nic administration, the density of testicular interstitial tis-
sue and the number of cells were decreased. Also, the aggregation
of spermatogenic lineage cells was decreased, exhibiting various
intercellular gaps. Compared with the Roy group, in the Nic group,
damaged testicular tissue was largely repaired and restored to nor-
mal shape, and Leydig cells filled the space among the seminiferous

tubules in interstitial tissue (Figures 1 and 2).

3.8 | Gene expression of p53, Bcl-2,
Caspase-3, and Nrf2

P53 gene expression showed a significant increase (p < .05) in the
Nic group compared with control animals, and a significant decrease
(p < .05) in Roy 150 and 200 mg/kg groups and in Nic + Roy 150
and 200 mg/kg groups, respectively, compared with control and Nic
groups. The gene expression of Bcl-2 was decreased significantly
(p < .05) in the Nic group compared with control animals. Also, this
value was increased significantly (p < .05) in groups receiving 100,
150, or 200 mg/kg Roy compared with control. Bcl-2 gene expression
showed a significant increase in Nic + Roy 150 mg/kg and Nic + Roy
150 mg/kg compared with the Nic group (p < .05). Following ad-
ministration of Nic, the gene expression of Caspase-3 was increased
significantly (p < .05) in the Nic group compared with animals in the
control group. This value was decreased significantly (p < .05) in

Nic + Roy groups (with doses of 100, 150, and 200 mg/kg) compared

with Nic animals. The expression of Nrf2 gene was upregulated sig-
nificantly (p < .05) in groups receiving 100, 150, or 200 mg/kg Roy,
as well as in Nic + Roy 100, 150, and 200 mg/kg groups, compared
with control and Nic groups, respectively (Figure 3).

4 | DISCUSSION

Reactive oxygen species (ROS) affect the quantity and quality of
seminal fluid. One of the possible causes of testicular atrophy is
the factors that disrupt spermatogenesis, resulting in a decreased
number of sperms. In this study, we found that the oxidative stress
caused by Nic can damage the male reproductive system. An antioxi-
dant agent can scavenge the ROS accumulated in testicular tissue,
leading to the proper functioning of the organ. We found that Roy,
with its antioxidant properties, is useful in the restoration of male re-
productive function following Nic administration. Thus, we propose
that Roy administration be strictly recommended for Nic-consuming
individuals.

Various studies showed that the Nic consumption increases
oxidative stress levels and consequently ROS status, leading to
cell cycle arrest and cell apoptosis,12 as we confirmed in the pres-
ent study. We also found that Roy, as a stimulant of LH, FSH, and
Tes production, induces the proliferation of germinal epithelium of
seminiferous tubules and also interstitial tissue surrounding these
tubules. These processes can accelerate Leydig cell activity, leading
to an increased rate of spermatogenesis and elevated levels of Tes.

ROS increases the amount of malondialdehyde enzyme activity and

FIGURE 1 Histopathological images of testes in control and treatment groups including A: control, B: Nic, C: Roy 100 mg/kg, D: Roy
150 mg/kg, E: Roy 200 mg/kg, F: Nic + Roy 100 mg/kg, G: Nic + Roy 150 mg/kg, H: Nic + Roy 200 mg/kg. N = 6 mice in each group. Red
arrow indicated the interstitial tissue in normal group (A), damaged group (B), and restored group (H). Blue arrow represented the normal
germinal epithelium in control group (A), damaged dispersed germinal epithelium in Nic group (B), and repaired damaged epithelium after
Roy administration (H). Nic, nicotine; Roy, royal jelly. Scale bar: 100 um (H&E staining, 400x)



NAZAR-ZADEH €T AL.

138
ZI‘L\AS-WILEY
Control
N
w,
Q <
o
1
)
/M
en L
é d
wn
~
[=H
wn
[+
U '“

FIGURE 2 Immunohistochemistry images of testes in control and treatment groups against apoptotic proteins of p53, Bcl-2, Caspase-3.

Nic, nicotine; Roy, royal jelly. Scale bar: 100 pm (IHC staining, 400x)

disrupts the integrity of the cell membrane.*® Excessive amounts of
ROS cause lipid peroxidation in membranes of cells and mitochon-
dria. Lipid peroxidation can disrupt cell membrane integrity, result-
ing in disruption of whole-cell activity.** High concentrations of ROS
play an important role in the pathophysiological damage of human
spermatozoa. Thus, oxidative stress is a major cause of male infertil-
ity. Oxidative stress, lipid peroxidation, and Nic-induced membrane
changes cause germ cell apoptosis at different stages of develop-
ment.* Najafi and coworkers conducted an experimental study on
antioxidative features of Roy on accumulated ROS induced by oxy-
metholone in testicular tissue. Oxymetholone is an androgen and
anabolic steroid medication that is used primarily in the treatment
of anemia. The results showed that the administration of this medi-
cation agent can induce degeneration of seminiferous epithelium,it
can also affect the interstitial tissue of testes, leading to decreased
levels of Tes. However, in the group receiving Roy, a protective ef-
fect on seminiferous tubules against oxidative stress toxicity caused
by oxymetholone was detected. It also increased serum levels of
Tes following a restorative effect on interstitial tissue.® Al-Lahham
and coworkers assessed the oxidative effects of Nic and the role
of Nicotiana tabacum L. with antioxidative features. In line with our
findings, Al-Lahham et al. found Nic to cause ROS accumulation in

cells. They also suggested that biochemicals with natural sources
such as Nicotiana tabacum L. have antioxidant characteristics.?” This
finding was also confirmed in the present study, where we found
Roy as a natural agent to have powerful antioxidant features.
Antioxidant agents like Roy protect sperm from ROS attacks. Roy
also has anti-apoptotic features that protect the testicular germ cells
from the toxic effects of Nic. Because sperm lose a large amount
of their cytoplasm in spermatogenesis, they lack a large number of
cellular antioxidant systems. Thus, they are more sensitive to in-
creased levels of ROS than somatic cells. The first consequence of
ROS invasion to membranous structures of cells is the incidence of
cellular peroxidation. The application of antioxidants such as Roy to
remove ROS inhibits the lipid peroxidation, resulting in maintenance
of the normal biochemical structure of cells.'® Mammalian sperm
membranes contain large amounts of unsaturated fatty acids that are
sensitive to lipid peroxidation due to oxidative stress, which causes
rapid loss of intracellular ATP and, thus, reduced sperm motility and
viability.? Therefore, it can be concluded that changes in biochem-
ical intracellular contents of sperm can reduce the viability in Nic-
affected mice. This phenomenon is related to the lipid peroxidation
of sperm membranes. As a powerful antioxidant, Roy partially pre-
vents the damaging effects of Nic on sperm motility and viability. In
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addition, Roy alone increased sperm motility in the groups receiving
Roy compared with the control group. The results of this study show
that there is a significant decrease in the mean size of the inner di-
ameter of the seminiferous tubules in the Nic group compared with
the control group. This feature is due to the fact that the wall cells of
the seminiferous tubules in the groups receiving Nic and Nic + Roy
are rapidly differentiated and released from the tubular wall, which
slightly increases the inner diameter of the tubes. Nitric oxide in-
creases the release of gonadotropin-releasing hormone by increasing
the release of gonadotropins via activating the neuronal nitric oxide
synthesis enzyme in the pituitary gland.20 Nitric oxide activates the
enzyme guanylate cyclase, which releases cyclic guanosine mono-
phosphate and increases the secretion of gonadotropins and LH and
FSH, thus increasing sperm motility. Because testosterone is an an-
drogenic hormone produced by testicular Leydig cells in response to
stimulation with LH secreted by the pituitary gland, it is possible that
the testosterone levels are increased after Roy administration owing
to a direct effect of this antioxidant on cells. Testosterone controls
the secretion of LH from the anterior pituitary gland through a nega-
tive feedback mechanism, and Roy may indirectly increase the secre-
tion of gonadotropin-stimulating hormones from the hypothalamus,
followed by anincrease in LH secretion in the pituitary gland.21 Nitric
oxide also regulates reproductive and sexual function in mammalian
species. Numerous studies have shown that nitric oxide is related to
the acrosome and tail in mouse and human sperm, which seem to be
involved in sperm motility and acrosomal function, important factors
in the reproductive process. Elevated NO levels interfere with the
lipid peroxidation of unsaturated fatty acids located in the plasma
membrane of sperm. These unsaturated acids are very sensitive to
ROS attack because of their chemical structure, which contains hy-
drogen.?? As a result, the increase in nitric oxide leads to a cascading
reaction, followed by the production of free radicals. BCL-2 protein
is located in the mitochondrial membrane and endoplasmic reticu-
lum. BCL-2 protein, as a proto-oncogene in germ cells, is involved

[I‘L\AS—WI LEYE

FIGURE 3 Genes expression of
p53, Bcl-2, Caspase-3, Nrf2 in control

| p53 and treatment groups. N = 6 mice in
B Bcl-2 each group. Nic, nicotine; Roy, royal
jelly. p < 0.05 as Significancy. # and
Caspase-3 ‘represented significant changes than
m N2 control and Nic groups, respectively

in the regulation of cell apoptosis.?® Thus, this protein is generally
involved in inhibiting cellular apoptosis. If BCL-2 gene expression is
reduced, the process of programmed cell death or apoptosis begins
with activation of other oncogenes such as P53. Considering the role
of caspases in different cells, studies have shown that BCL-2 can also
inhibit the process of apoptosis by inhibiting the synthesis and pro-
duction of caspases. Caspase-3 protein generally occurs under dif-
ferent conditions of cellular apoptosis with different mechanisms.?*
Thus, under conditions of DNA damage and growth factor disorders,
the internal pathway, or, in other words, BCL2-protein-dependent
pathway, is activated. This pathway is dependent on mitochondria,
and the involvement of cysteine proteins or caspases (caspases 3, 8,
9, and 6) is essential. Nrf2 is a critical gene involved in expression of
antioxidant proteins in cells.?® Itis obvious that, following ROS attack
to the cells, the levels of Nrf2 gene expression and protein generation
could be elevated. As we found in this study, Nic had a suppressing
effect on gene expression of Nrf2. Also, due to the high protective
effect of this gene in Roy as a powerful antioxidant, the gene ex-
pression of Nrf2 represented accelerated levels following Roy ad-
ministration in Nic-treated groups. Lin and coworkers evaluated the
antioxidant effect of curcumin in RAW264.7 cells by increasing the
activation of the Nrf2-Keap1 pathway. Lin and coworkers assessed
the role of Nrf2 in activation of intracellular system following admin-
istration of curcumin. Thus, they concluded that the gene expression
of Nrf2 leads to activation of antioxidant system in cells.?® We also
found that this gene expression was increased following Roy admin-
istration, which showed a critical role in protecting against oxidative
features of Nic.

On the basis of the results of the present study, it can be stated
that the administration of Roy, especially in high doses, as a strong
antioxidative agent can affect spermatogenesis and fertility in Nic
consumers. Moreover, we showed the antioxidant properties of Roy
to have a protective effect on sperm parameters against free radi-
cals and apoptosis associated with Nic.



NAZAR-ZADEH et AL

ACKNOWLEDGMENTS
We are grateful to the Research Council of Kermanshah University of

Medical Sciences for their financial support (grant number 96067).

CONFLICT OF INTEREST
The authors declare that they have no conflicts of interest.

AUTHOR CONTRIBUTIONS

M.N.Z. and A.N.F. conceived and designed the study, supervised the
data collection, interpreted the results, and revised the manuscript.
A.G.H. conducted the data analysis, prepared the tables, and wrote
the statistical analysis methods and the results. C.J. and M.B. ap-

proved and submitted the final manuscript.

DATA AVAILABILITY STATEMENT
Data are available on request from the authors.

ORCID

Mahsa Nazar-Zadeh "= https://orcid.org/0000-0002-5002-4348
Cyrus Jalili “= https://orcid.org/0000-0002-5097-7974

Amene Nikgoftar Fathi " https://orcid.org/0000-0002-4740-063X
Ali Ghanbari " https://orcid.org/0000-0002-8080-2809

Mitra Bakhtiari "= https://orcid.org/0000-0003-0871-9012

REFERENCES

1. Malovichko MV, Zeller |, Krivokhizhina TV, et al. Systemic tox-
icity of smokeless tobacco products in mice. Nicotine Tob Res.
2019;21(1):101-110.

2. Pasupuleti VR, Sammugam L, Ramesh N, Gan SH. Honey, propolis,
and royal jelly: a comprehensive review of their biological actions
and health benefits. Oxid Med Cell Longevity, 2017;2017:1-21.

3. Abdelhafiz HA, El-kott AF, Elesh MR. Hepatoprotective effect of
royal jelly against cisplatin-induced biochemical, oxidative stress,
anti-oxidants and histopathological abnormalities. Adv Life Sci
Technol. 2014;27:28-38.

4. Hosseinipour M, Goodarzi N, Bakhtiari M. Protective efficiency
of Ashrasi date palm hydroalcoholic extract against diabetes-
induced testicular toxicity: a biochemical and stereological study.
Andrologia. 2019;51(11):e13420.

5. Haldar A, Paul R, Pan S, et al. Validation of a simple, sensitive en-
zyme immunoassay (EIA) for the determination of caprine plasma
LH. Small Ruminant Res. 2009;84(1-3):22-27.

6. Jalili C, Kamani M, Roshankhah S, Sadeghi H, Salahshoor MR. Effect
of Falcaria vulgaris extracts on sperm parameters in diabetic rats.
Andrologia. 2018;50(10):e13130.

7. Roshankhah S, Jalili C, Salahshoor MR. Effects of crocin on sperm
parameters and seminiferous tubules in diabetic rats. Adv Biomed
Res. 2019;8:32-41.

8. Benzie IF, Devaki M. The ferric reducing/antioxidant power (FRAP)
assay for non-enzymatic antioxidant capacity: Concepts, proce-
dures, limitations and applications. In: Resat A, Esra C, Fereidoon S,
eds. Measurement of Antioxidant Activity & Capacity: Recent Trends
and Applications. Vol. 11, 1st ed. Wiley; 2018:77-106.

9. Najafpour A, Aghaz F, Roshankhah S, Bakhtiari M. The effect of
air dust pollution on semen quality and sperm parameters among
infertile men in west of Iran. Aging Male. 2020;23(4):272-278.

10. Abdolmaleki A, Jalili C, Mansouri K, Bakhtiari M. New rat to mouse
xenograft transplantation of endometrium as a model of human en-
dometriosis. Anim Models Exp Med. 2021;4(3):268-277.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Khazaei M, Asgari R, Bakhtiari M. In vitro effects of clomiphene ci-
trate on sperm parameters and fertilisation rate in male NMRI mice.
Andrologia. 2020;52(1):e13451.

Budin SB, Kho JH, Lee JH, et al. Low-dose nicotine exposure in-
duced the oxidative damage of reproductive organs and altered the
sperm characteristics of adolescent male rats. Malaysian J Med Sci.
2017;24(6):50.

Chianese R, Pierantoni R. Mitochondrial reactive oxygen
species (ROS) production alters sperm quality. Antioxidants.
2021;10(1):92.

Yang R-L, Shi Y-H, Hao G, Li W, Le G-W. Increasing oxidative
stress with progressive hyperlipidemia in human: relation be-
tween malondialdehyde and atherogenic index. J Clin Biochem Nutr.
2008;43(3):154-158.

Vatannejad A, Tavilani H, Sadeghi MR, Amanpour S, Shapourizadeh
S, Doosti M. Evaluation of ROS-TAC score and DNA damage in fer-
tile normozoospermic and infertile asthenozoospermic males. Urol
J.2017;14(1):2973-2978.

Najafi G, Nejati V, Shalizar Jalali A, Zahmatkesh E. Protective role
of royal jelly in oxymetholone-induced oxidative injury in mouse
testis. Iran J Toxicol. 2014;8(25):1073-1080.

Al-Lahham S, Sbieh R, Jaradat N, et al. Antioxidant, antimicrobial
and cytotoxic properties of four different extracts derived from the
roots of Nicotiana tabacum L. Eur J Integr Med. 2020;33:101039.
Park MJ, Kim BY, Park HG, et al. Major royal jelly protein 2 acts
as an antimicrobial agent and antioxidant in royal jelly. J Asia-
Pac Entomol. 2019;22(3):684-689. https://doi.org/10.1016/j.
aspen.2019.05.003

Baumber J, Ball BA, Gravance CG, Medina V, Davies-Morel
MC. The effect of reactive oxygen species on equine sperm
motility, viability, acrosomal integrity, mitochondrial mem-
brane potential, and membrane lipid peroxidation. J Androl.
2000;21(6):895-902.

Silici S, Ekmekcioglu O, Eraslan G, Demirtas A. Antioxidative ef-
fect of royal jelly in cisplatin-induced testes damage. Urology.
2009;74(3):545-551. 10.1016/j.urology.2009.05.024

Staicu F-D, Lopez-Ubeda R, Romero-Aguirregomezcorta J,
Martinez-Soto JC, Parra CM. Regulation of boar sperm functional-
ity by the nitric oxide synthase/nitric oxide system. J Assist Reprod
Genet. 2019;36(8):1721-1736.

Collodel G, Castellini C, Lee JC-Y, Signorini C. Relevance of fatty
acids to sperm maturation and quality. Oxid Med Cell Longevity.
2020;2020:1-14.

Vardiyan R, Ezati D, Anvari M, Ghasemi N, Talebi A. Effect of L-
carnitine on the expression of the apoptotic genes Bcl-2 and Bax.
Clin Exp Reprod Med. 2020;47(3):155.

Li Y-J, Song T-B, Cai Y-Y, et al. Bisphenol A exposure induces apop-
tosis and upregulation of Fas/FasL and caspase-3 expression in the
testes of mice. Toxicol Sci. 2009;108(2):427-436.

Ma Q. Role of nrf2 in oxidative stress and toxicity. Annu Rev
Pharmacol Toxicol. 2013;53:401-426. doi:10.1146/annurev-pharm
tox-011112-140320

Lin X, Bai D, Wei Z, et al. Curcumin attenuates oxidative stress
in RAW264. 7 cells by increasing the activity of antioxidant
enzymes and activating the Nrf2-Keapl pathway. PLoS One.
2019;14(5):e0216711.

How to cite this article: Nazar-Zadeh M, Jalili C, Nikgoftar
Fathi A, Ghanbari A, Bakhtiari M. Royal-jelly-based
apitherapy can attenuate damages to male reproductive
parameter following nicotine administration. Anim Models Exp
Med. 2022;5:133-140. d0i:10.1002/ame2.12217



https://orcid.org/0000-0002-5002-4348
https://orcid.org/0000-0002-5002-4348
https://orcid.org/0000-0002-5097-7974
https://orcid.org/0000-0002-5097-7974
https://orcid.org/0000-0002-4740-063X
https://orcid.org/0000-0002-4740-063X
https://orcid.org/0000-0002-8080-2809
https://orcid.org/0000-0002-8080-2809
https://orcid.org/0000-0003-0871-9012
https://orcid.org/0000-0003-0871-9012
https://doi.org/10.1016/j.aspen.2019.05.003
https://doi.org/10.1016/j.aspen.2019.05.003
https://doi.org/10.1016/j.urology.2009.05.024
https://doi.org/10.1146/annurev-pharmtox-011112-140320
https://doi.org/10.1146/annurev-pharmtox-011112-140320
https://doi.org/10.1002/ame2.12217

	Royal-­jelly-­based apitherapy can attenuate damages to male reproductive parameter following nicotine administration
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Animal groups
	2.2|Experimental treatments
	2.3|Tissue sampling
	2.4|Serological analysis of testosterone, LH, and FSH
	2.5|Sperm parameter assessment
	2.6|Diameter of seminiferous tubules
	2.7|FRAP assay
	2.8|NO and malondialdehyde (MDA) measurement
	2.9|Immunohistochemical (IHC) assay and H&E staining
	2.10|Sperm DNA fragmentation (SDF) test
	2.11|Gene expression assessment
	2.12|Ethical considerations
	2.13|Statistical analysis

	3|RESULTS
	3.1|Sperm parameter alteration
	3.2|Diameter of seminiferous tubules
	3.3|Testosterone, LH, and FSH measurement
	3.4|Serum levels of FRAP
	3.5|Measurement of NO and MDA
	3.6|SDF index
	3.7|Histopathological observations
	3.8|Gene expression of p53, Bcl-­2, Caspase-­3, and Nrf2

	4|DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


