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ABSTRACT

Objective: To scrutinize the protective role of royal jelly as an anti-
oxidant on nicotine-induced changes in malondialdehyde (MDA)
level, p53 expression, in vitro fertilization (IVF) rate, and early
embryo development in adult female rats.

Methods: A total of 56 adult female Wistar rats were divided into
8 groups (n=7 in each group). Group 1 served as an untreated
control group, group 2, 3 and 4 received nicotine at a dose of 0.50,
1.00 and 2.00 mg/kg respectively, group 5 received royal jelly at
a dose of 100.00 mg/kg, and group 6, 7 and 8 received 0.50,
1.00 and 2.00 mg/kg nicotine, respectively, with 100.00 mg/kg
body weight royal jelly. Nicotine and royal jelly were administered
daily for 49 days in the experimental groups intra-peritoneally and
orally, respectively. At the end of the experimental period, p53
expression, IVF rate and early embryo development as well as MDA
concentration were measured.

Results: The IVF rate, number of cumulus oocytes, two-cell
embryos and blastocysts decreased in the nicotine-treated groups in
a dose-dependent manner. In addition, p53 mRNA expression and
MDA levels increased in the nicotine-treated groups. Royal jelly
co-administration led to partial improvement in the aforementioned
parameters.

Conclusions: Royal jelly may have a repro-protective effect in
nicotine-administered female rats in terms of its anti-oxidant and

anti-apoptotic properties.
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1. Introduction

Nicotine, an organic nitrogenous compound found in plants like
tobacco[l], is a highly toxic substance being rapidly absorbed
from the respiratory tract, oral mucosa and skin[2]. Studies on the
physiological and toxic effects of nicotine in humans have been
carried out relatively broadly, and today, nicotine is definitely in the
rank of toxins with serious harmful effects on human health. It is

widely recorded that nicotine consumption is associated with male

and female fertility disorders. Cotinine is the main metabolite of
nicotine in human follicular fluid and luteal granulosa cells. Thus,
evidence suggests that nicotine can affect the sex cells functions|3.4].

Nicotine can change the adrenal axis of the pituitary-hypothalamus
and gonads secretion through protein absorption reduction. The
follicular growth and ovulation are dependent on estrogen secretion
from granulosa cells[5], stimulated with follicle-stimulating hormone
(FSH) secreted from the pituitary gland[6]. Nicotine inhibits the
gonadotropins release via ovulation prevention and follicular growth
delay[1] and nicotine exposure in the perinatal period can lead to
an increase in ovarian apoptosis along with steroidogenesis and
fertility alterations in female offspring[7].

Increasing evidence supports the role of oxidative stress in nicotine
toxicity[8]. Oxidative stress has been broadly shown to regulate
apoptosis and to exert agonistic and antagonistic effects on apoptotic
signaling[9]. It has been reported previously that nicotine is involved
in apoptosis induction[10]. Several studies have examined the effects
of nicotine on apoptosis both in vitro and in vivo, suggesting a
correlation between nicotine exposure and apoptosis|11].

The p53 is known to regulate several cellular activities including
cell cycle arrest and apoptosis and it is the most commonly mutated
gene in human cancers[12]. Accordingly, p53 has been introduced
as a female reproduction regulator being mostly involved in
implantation[13]. It has been also indicated formerly that nicotine
triggers mitochondria-dependent apoptosis resulting in p53 over-

expression|[14].
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It was also found that nicotine causes oxidant/anti-oxidant
imbalance in ovarian tissue resulting in oxidative stress and anti-
oxidant defense machinery debilitation eventually leading to ovarian
cells DNA damage and apoptosis[15.16].

Royal jelly, a principal food of the honeybee queen, is produced
by the hypo-pharyngeal glands of worker honeybee and consists
of 66% water, 15% sugars, 5% lipids, and 13% proteins along
with essential amino acids and vitamins[17]. It has been shown that
royal jelly has pharmacological properties such as anti-tumor, anti-
inflammatory, immunomodulatory, anti-oxidant and repro-protective
activities[18]. It has been also suggested that royal jelly can promote
folliculogensis through its estrogenic potential(19].

Based on this concept, this study was implemented to determine the
possible protective effects of royal jelly on in vitro fertilization (IVF)
rate and early embryo development following nicotine treatment in

adult female rats.

2. Materials and methods
2.1. Animals

Fifty-six adult female Wistar rats weighing (175+3) g and aged
12 weeks were obtained from Animal House of Faculty of Science,
Urmia University, Urmia, Iran. The rats were maintained under
controlled room temperature of (22+3) ‘C with 12 h light/dark
cycles and the humidity level of 50%-60%. All animals had access to

laboratory chow and tap water.

2.2. Preparation of nicotine and royal jelly

The nicotine solution was provided from Sigma-Aldrich
Company (Sigma-Aldrich, USA). Fresh royal jelly was obtained
from Agricultural Research and Education Center (Urmia, West
Azerbaijan, Iran) and stored at =20 °C until use. The substances were

dissolved in normal saline.

2.3. Treatments

After two-week acclimation, the rats were divided into 8 groups,
with 7 rats in each group. Group 1 served as an untreated control
group, groups 2, 3 and 4 received nicotine respectively at a dose
of 0.50, 1.00 and 2.00 mg/kg, group 5 received royal jelly at a
dose of 100.00 mg/kg, and groups 6, 7 and 8 received 0.50,
1.00 and 2.00 mg/kg nicotine respectively with 100.00 mg/kg
royal jelly. Nicotine and royal jelly were administered daily for
49 days in experimental groups intra-peritoneally (i.p.) and orally,

respectively[14].

2.4. In vitro maturation (IVM)

Following anesthesia with ketamine (75 mg/kg; i.p.; Alfasan
International, Woerden, Holland) 24 h after the experiment period|20],
both ovaries were isolated and placed in tissue culture medium 199
(TCM199) (Thermo Fisher Scientific, USA; supplemented with 5%
fetal calf serum 7.50 IU/mL human chorionic gonadotropin and
100 IU/mL rFSH) containing dishes. The oocytes were transferred
to the oocyte dish under a stereomicroscope (Olympus, Japan),
the follicles were perforated using the G30 spiked needles, and
the germinal vesicle (GV)-stage oocytes were transferred to the
medium. In the next step, GV-stage oocytes containing 3 to 4 rows
of cell mass were selected and transferred by oral pipette containing
the TCM199. The dish of the drops was incubated for 24 h. Twenty-
four hours after GV presence in IVM culture media, oocytes were
examined. At this time, most oocytes were entered the metaphase [[

stage (M1]) and their first polar bodies were released.

2.5. In vitro fertilization

Oocytes were transferred to the modified rat 1-cell embryo
culture medium (mR1ECM) after washing with mR1ECM medium
under mineral oil. Then, the sperms that passed the capacity stage
were added to culture medium (IOG/mL)[20J‘ Fertilization occurred
9 h after sperm addition with the observation of two pronuclei
(Figure 1). The zygotes were transferred to a fresh culture medium

that had already reached the equilibrium and cultured for 5 days[21].

2.6. Malondialdehyde (MDA) measurement

Lipid peroxidation levels were measured as described formerly[22].
The homogenized ovarian tissue samples were centrifuged at
17 709 xg for 5 min, 150 pL of the supernatant was transferred to
the test tube, then 300 puL of 10% trichloroacetic acid was added
and it was centrifuged. Then, 300 uL of the supernatant solution
was transferred to the test tube and incubated with 300 uL of 0.67%
thioparbituric acid at 100 “C for 25 min. After cooling the
solution for 5 min, the pink color of MDA with a thiobarbituric
acid was detected by spectrophotometer at 535 nm. The MDA
level was calculated by MDA absorption coefficient and

expressed as nmol/g tissue.

2.7. RNA extraction

Two hundred mg of powdered ovarian tissue was added to 1 mL
of TRIzol and mixed with vortex for 15 s. Samples were placed at
room temperature for 5 min. For each mL of TRIzol, 0.20 mL of

chloroform was added and the tubes were placed at room
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Figure 1. Photomicrographs of in vitro embryo development under an inverted microscope (Olympus, Japan) at 200x magnification.

temperature for 3 min. Samples were centrifuged at 24 104 xg
for 15 min and the upper blue phase was transferred to the new
tubes. Five hundred pL of isopropyl alcohol was added and they
mixed well and kept at room temperature for 10 min. The RNA
pellet was washed with 1 mL of 70% ethanol, centrifuged for 5 min
at a temperature of 4 °C and the supernatant was discarded. The
RNA pellet was dried at room temperature and 30 mL of sterilized
deionized water was added and mixed well to completely dissolve
the RNA[23].

2.8. ¢DNA synthesis

One pg of extracted mRNA was reverse transcribed into cDNA
using the cDNA synthesis kit (PrimeScript 1st strand cDNA
Synthesis Kit, Takara Bio Inc., Japan) in 20 uL reaction mixture
according to the manufacturer’s instructions. The resulting cDNA
was kept at =20 °C until use[24].

2.9. Reverse transcription polymerase chain reaction (RT-

PCR)

In 25 pL solution containing 12.50 ym Master Mix
(Cinagen, Iran), 0.50 pm of each primer (Forward: 5°-
ATGGAGGATTCACAGTCGGATA-3’; Reverse: 5°-
GACTTCTTGTAGATGGCCATGG-3"), 1 puL of ¢cDNA and
10.50 pL of water, the RT-PCR reaction was performed for 27
cycles of GAPDH and p53 cDNAs and for each of them, the
reactions were as follows: GAPDH and p53 denaturization: 95 °C in

3 min, connection: 53 °C in 40 s and elongation: 72 °C in 45 s.

2.10. Statistical analysts

The data were presented as mean+SEM. 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 23.0, SPSS Inc., Chicago, USA). The P<0.05 was
considered as a significant difference criterion. Image J Software
(version 2017, National Institutes of Health, USA) was used to

process and evaluate products bands.

2.11. Ethics statement

This study was carried out following approval from the Ethical
Committee of Urmia University, Urmia, Iran, (No. 2.291,

2017.09.27) regarding the use and care of experimental animals.

3. Results

3.1. The IVM, IVF rate and early embryo development

Number of immature oocytes reaching MIl and percentage of
fertilization, two-cell embryos, blastocysts and hatched embryos
in the nicotine groups decreased significantly in comparison
with the control and royal jelly groups (P<0.05). In addition, the
percentage of arrested embryos in the nicotine groups showed a
significant increase compared to the control group. The royal jelly
supplementation caused partial improvement in aforementioned

parameters (Table 1 and 2).
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3.2. Lipid peroxidation

Nicotine caused marked lipid peroxidation in the ovarian tissue
as demonstrated by a significant elevation of MDA in the nicotine
groups compared to the control and royal jelly groups (P<0.05);
while, the royal jelly co-treatment could lead to reductions in

nicotine-induced lipid peroxidation (Figure 2).

3.3. The RT-PCR analysis

The results showed that pS3 expression in the nicotine-treated
groups was not significantly different compared to the control group.
In the treatment groups, only 1.00 mg/kg nicotine plus royal jelly
group exhibited a significant decrease in p53 expression compared to

the nicotine groups (P<0.05; Figure 3).

Table 1. In vitro maturation in different experimental groups.

Groups Number of GV MII (%)

Control 46.00£5.03 87.89+1.38"
Nicotine (0.50 mg/kg) 42.00£3.05 80.02+1.88"
Nicotine (1.00 mg/kg) 43.00+2.08 76.19+3.34°
Nicotine (2.00 mg/kg) 42.00+3.21 72.30+2.43°
Royal jelly (100.00 mg/kg) 45.33+£5.23 90.62+0.81"
Nicotine (0.50 mg/kg) + Royal jelly 45.00+2.08 85.13+0.92"
Nicotine (1.00 mg/kg) + Royal jelly 46.00+2.51 74.84+3.76°
Nicotine (2.00 mg/kg) + Royal jelly 43.33+2.40 73.17+1.58"

Different superscripts (a, b) in the same column show significant differences
between groups (P<0.05). GV: Germinal vesicle-stage oocyte; MI[:
Metaphase || stage oocyte. Royal jelly: 100.00 mg/kg royal jelly.
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Figure 2. Malondialdehyde (MDA) concentration in the ovary of rats treated
with nicotine (0.50, 1.00 and 2.00 mg/kg), with or without royal jelly (RJ)
supplementation (100.00 mg/kg). Different superscripts (a, b, c, d, e) in the

same row show significant differences between groups (P<0.05).
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Figure 3. Reverse transcription polymerase chain reaction analysis of p53
mRNA expression in different experimental groups. # : compared to other
experimental groups, P<0.05. RJ: Royal jelly at dose of 100.00 mg/kg. p53
mRNA levels were normalized against GAPDH.

4. Discussion

Reportedly, more than 25% of women use cigarettes and 60%
of non-smokers and children are exposed to tobacco smoke daily.
Accordingly, smoking and exposure to nicotine are associated with
fertility disorders[8]. Cigarette smoking affects women fertility due
to its adverse effects on reproductive processes such as ovulation,
fertilization and implantation[25]. The IVM of mammalian oocytes
leads to an improvement in the treatment of human and animal
infertility. The present study revealed that nicotine in a dose-
dependent manner caused a significant reduction in the number
of Ml oocytes compared to the control group. Nicotine binds to
the nuclear and cytoplasmic proteins, affecting follicular growth

potential and leading to oocyte meiosis disturbance[26]. In the current

Table 2. In vitro fertilization and early embryo development in different experimental groups (%).

Groups Zygotes Tow-cell embryos Blastocyst Hatched embryos Arrested embryos
Control 87.83+0.51° 91.14+1.43" 78.98+2.44" 66.2420.90" 14.65+0.21°"
Nicotine (0.50 mg/kg) 78.76+1.03" 65.54+1.12° 55.291.00" 29.67+1.65" 21.09+0.69"
Nicotine (1.00 mg/kg) 78.06+1.02° 65.05+3.00 52.65+0.50 30.84+0.72" 21.66+0.91°
Nicotine (2.00 mg/kg) 75.80+1.79" 63.91+1.83 52.60+1.93" 30.78+1.92° 21.96+0.79"
Royal jelly (100.00 mg/kg) 88.42+0.57" 91.69+1.25" 79.51+2.34° 66.86:0.84" 14.140.44"
Nicotine (0.50 mg/kg) + Royal jelly ~ 82.74+1.21° 79.24+0.41° 62.20+1.93° 41.33+2.07° 17.910.18°
Nicotine (1.00 mg/kg) + Royal jelly ~ 81.82+1.67" 78.80+1.79° 60.66+1.98° 41.05+2.51° 20.58+0.77°
Nicotine (2.00 mg/kg) + Royal jelly 80.42+1.47" 68.93+5.19" 57.69+2.11° 33.70+2.20" 20.55+0.44°

Different superscripts (a, b, ¢, d) in the same column show significant differences between groups (P<0.05). Royal jelly: 100.00 mg/kg royal jelly.
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study, royal jelly supplementation was able to improve the number
of oocytes. Correspondingly, it has been indicated that royal jelly
addition to culture media can significantly improve the viability and
IVM of Egyptian sheep oocytes[27]. Moreover, royal jelly addition to
maturation medium was found to improve blastocyst formation and
reduce apoptosis in sheep cumulus cells and the oocyte during the in
vitro development[28]. It is well documented that appropriate in vivo
and in vitro maturations of the oocyte are associated with oxidative
stress prevention due to the balance in oxidant/anti-oxidant status[29].
In a parallel manner, it has been shown that royal jelly improves
ovine oocyte IVM and its subsequent development through redox
status amelioration in the oocytes[30].

The present study showed that nicotine administration resulted in
a significant decrease in IVF rate results along with significant lipid
peroxidation in the ovarian tissue compared to the control group. The
growing body of evidence supports the role of nicotine in oxidative
stress induction in ovarian tissue leading to oocyte damage|[31].
Further, it has been revealed that nicotine can alter the normal
process of bovine oocyte meiosis affecting subsequent embryonic
development[32], confirming our findings. Our findings also
exhibited that royal jelly as a promising anti-oxidant can exert repro-
protective activity. Consistently, recent reports suggest royal jelly
supplementation as an effective approach to treat female infertility
and promote female fertility parameters due to its estrogenic and
anti-oxidant activities|33].

Our results also showed that the 1.00 mg/kg nicotine plus royal
jelly group exhibited a significant decrease in pS3 expression
compared to the nicotine groups, suggesting royal jelly as a
promising agent against p53-evoked reproductive failures[34]. In
agreement with our findings, former studies have demonstrated that
royal jelly has anti-apoptotic effects against nicotine- and heat stress-
induced testiculopathies respectively in mice and rats[14,35] and
modulates apoptosis in liver and kidney of cisplatin-treated rats[36].
Additionally, it has been suggested that royal jelly protects human
peripheral blood leukocytes against radiation-induced apoptosis[37].

In conclusion, the results of this study indicated that nicotine
impairs IVM and IVF rate in rats in a dose-dependent manner
through oxidative stress induction and royal jelly can have repro-
protective effects in nicotine-administered female rats possibly due

to its estrogenic, anti-oxidant and anti-apoptotic properties.

Conflict of interest statement

The authors declare that there is no conflict of interest.

Acknowledgments

The authors gratefully acknowledge the financial assistance of

Urmia University Urmia, Iran, in performing this investigation.

Funding

This study was financially supported by Urmia University, Urmia,
Iran, as a part of MSc thesis (No. 2.291).

Authors’ contributions

Zhila Khodabandeh contributed in investigation, writing and
original draft preparation, Ali Shalizar-Jalali conducted data
curation, writing, reviewing and editing, Vahid Nejati carried out
conceptualization, methodology and data curation, Gholamreza
Najafi performed methodology and data curation, and Fatemeh

Rahmani was responsible for methodology and data curation.

References

[1] Carvalho CA, Favaro WJ, Padovani CR, Cagnon VH. Morphometric and
ultrastructure features of the ventral prostate of rats (Ratius norvegicus)
submitted to long term nicotine treatment. Andrologia 2006; 38(4): 142-
151.

[2] Miceli F, Minici F, Tropea A, Catino S, Orlando M, Lamanna G, et al.
Effects of nicotine on human luteal cells in vitro: A possible role on
reproductive outcome for smoking women. Biol Reprod 2005; 72(3): 628-
632.

[3] [jomone OM, Olaibi OK, Nwoha PU. Effects of chronic nicotine
administration on body weight, food intake and nitric oxide concentration
in female and male rats. Pathophysiology 2014; 21(3): 185-190.

[4] Audi SS, Abraham ME, Borker AS. Effect of cigarette smoke on body
weight, food intake and reproductive organs in adult albino rats. Indian J
Exp Biol 2006; 44(7): 562-565.

[5] Richards JS, Ireland JJ, Rao MC, Bernath GA, Midgley AR, Reichert
Jr LE. Ovarian follicular development in the rat: Hormone receptor
regulation by estradiol, follicle stimulating hormone and luteinizing
hormone. Endocrinology 1976; 99(6): 1562-1570.

[6] Van Voorhis BJ, Dawson JD, Stovall DW, Sparks AE, Syrop CH. The
effect of smoking on ovarian function and fertility during assisted
reproduction cycles. Obstet Gynecol 1996; 88(5): 785-791.

[7] Blackburn CW, Peterson CA, Hales HA, Carrell DT, Jones KP, Urry
RL, et al. Nicotine, but not cotinine, has a direct toxic effect on ovarian
function in the immature gonadotropin-stimulated rat. Reprod Toxicol
1994; 8(4): 325-331.

[8] Livak KJ, Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2[-delta delta C(T)] method. Methods
2001; 25(4): 402-408.

[9] Ahmed MA, Hassan KH, Hassanein KM, Waly H. Role of vitamin C and
selenium in attenuation of nicotine induced oxidative stress, pS3 and Bcl2
expression in adult rat spleen. Pathophysiology 2014; 21: 211-217.

[10]Yildiz D, Ercal N, Armstrong DW. Nicotine enantiomers and oxidative

stress. Toxicology 1998; 130(2-3): 155-165.



1 26 Zhila Khodabandeh et al / Asian Pacific Journal of Reproduction 2021; 10(3): 121-126

[11]Zhou X, Zhuo X, Xie F, Kluetzman K, Shu YZ, Humphreys WG, et al.
Role of CYP2AS in the clearance of nicotine and cotinine: Insights from
studies on a Cyp2a5-null mouse model. J Pharmacol Exp Ther 2010;
332(2): 578-587.

[12]Asiri YA. Probucol attenuates cyclophosphamide induced oxidative
apoptosis, p53 and Bax signal expression in rat cardiac tissues. Oxid Med
Cell Longev 2010; 3: 308-316.

[13]Hu W. The role of p53 gene family in reproduction. Cold Spring Harb
Perspect Biol 2009; 1(6): a001073.

[14]Azad F, Nejati V, Shalizar-Jalali A, Najafi G, Rahmani F. Antioxidant and
anti-apoptotic effects of royal jelly against nicotine-induced testicular
injury in mice. Environ Toxicol 2019; 34: 708-718.

[15]Paszkowski T, Clarke RN, Hornstein MD. Smoking induces oxidative
stress inside the Graafian follicle. Hum Reprod 2002; 17: 921-925.

[16]Cheng SF, Qin XS, Han ZL, Sun XF, Feng YN, Yang F, et al. Nicotine
exposure impairs germ cell development in human fetal ovaries cultured
in vitro. Aging (Albany NY) 2018; 10(7): 1556-1574.

[17]Stocker A, Schramel P, Kettrup A, Bengsch E. Trace and mineral
elements in royal jelly and homeostatic effects. J Trace Elem Med Biol
2005; 19: 183-189.

[18]Mahdivand N, Najafi G, Nejati V, Shalizar-Jalali A, Rahmani F. Royal
jelly protects male rats from heat stress-induced reproductive failure.
Andrologia 2019; 51: e13213.

[19]Ghanbari E, Khazaei MR, Khazaei M, Nejati V. Royal jelly promotes
ovarian follicles growth and increases steroid hormones in immature rats.
Int J Fertil Steril 2018; 11: 263-269.

[20]Azad F, Nejati V, Shalizar-Jalali A, Najafi G, Rahmani F. Royal jelly
protects male mice against nicotine-induced reproductive failure. Vet Res
Forum 2018; 9(3): 231-238.

[21]Oh SH, Miyoshi K, Funahashi H. Rat oocytes fertilized in modified
rat 1-cell embryo culture medium containing a high sodium chloride
concentration and bovine serum albumin maintain developmental ability
to the blastocyst stage. Biol Reprod 1998; 59(4): 884-889.

[22]Esterbauer H, Cheeseman KH. Determination of aldehydic lipid
peroxidation products: Malonaldehyde and 4-hydroxynonenal. Methods
Enzymol 1990; 186: 407-421.

[23]Peirson SN, Butler JN. RNA extraction from mammalian tissues. Methods
Mol Biol 2007; 362: 315-327.

[24]Dahm R. Discovering DNA: Friedrich Miescher and the early years of
nucleic acid research. Hum Genet 2008; 122(6): 565-581.

[25]Bordel R, Laschke MW, Menger MD, Vollmar B. Nicotine does not

affect vascularization but inhibits growth of freely transplanted ovarian
follicles by inducing granulosa cell apoptosis. Hum Reprod 2006; 21(3):
610-617.

[26]Racowsky C, Hendricks RC, Baldwin KV. Direct effects of nicotine on
the meiotic maturation of hamster oocytes. Reprod Toxicol 1989; 3(1): 13-
21.

[27]Abd-Allah SM. Effect of royal jelly on viability and in vitro maturation
of Egyptian sheep oocytes in serum supplemented medium. Bri¢ J
Pharmacol Toxicol 2012; 3(1): 29-32.

[28]Amiri MV, Deldar H, Pirsaraei ZA. Impact of supplementary royal jelly
on in vitro maturation of sheep oocytes: Genes involved in apoptosis and
embryonic development. Syst Biol Reprod Med 2016; 62(1): 31-38.

[29]Combelles CMH, Gupta S, Agarwal A. Could oxidative stress influence
the in—vitro maturation of oocytes? Reprod Biomed Online 2009; 18(6):
864-880.

[30]Eshtiyaghi M, Deldar H, Pirsaraei ZA, Shohreh B. Royal jelly may
improve the metabolism of glucose and redox state of ovine oocytes
matured in vitro and embryonic development following in wvitro
fertilization. Theriogenology 2016; 86(9): 2210-2221.

[31]Wong MK, Barra NG, Alfaidy N, Hardy DB, Holloway AC. Adverse
effects of perinatal nicotine exposure on reproductive outcomes.
Reproduction 2015; 150(6): R185-193.

[32]Liu Y, Li GP, White KL, Rickords LF, Sessions BR, Aston KI, et al.
Nicotine alters bovine oocyte meiosis and affects subsequent embryonic
development. Mol Reprod Dev 2007; 74(11): 1473-1482.

[33]Liu X, Jiang C, Chen Y, Shi F, Lai C, Shen L. Major royal jelly proteins
accelerate onset of puberty and promote ovarian follicular development
in immature female mice. Food Sci Hum Wellness 2020; 9(4): 338-345.

[34]Nourian A, Soleimanzadeh A, Jalali AS, Najafi G. Bisphenol-A analogue
(bisphenol-S) exposure alters female reproductive tract and apoptosis/
oxidative gene expression in blastocyst-derived cells. Iran J Basic Med
Sci 2020; 23(5): 576-585.

[35]Mahdivand N, Shalizar-Jalali A, Nejati V, Najafi G, Rahmani F.
Adaptogenic potential of royal jelly in reproductive system of heat stress-
exposed male rats. J Therm Biol 2021; 96: 102827.

[36]Karadeniz A, Simsek N, Karakus E, Yildirim S, Kara A, Can I, et al.
Royal jelly modulates oxidative stress and apoptosis in liver and kidneys
of rats treated with cisplatin. Oxid Med Cell Longev 2011; 2011: 981793.

[37]Rafat N, Monfared AS, Shahidi M, Pourfallah TA. The modulating effect
of royal jelly consumption against radiation-induced apoptosis in human

peripheral blood leukocytes. J Med Phys 2016; 41(1): 52-57.



