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Abstract: To investigate the effect of apigenin on scrotal heat-induced damage in mice, 8-week-old ICR mice were
divided into five groups: (I) control group; () heat-treat (H) group; (Ill) H + apigenin 10 mg/kg; (IV) H + apigenin 20
mg/kg; (V) H + apigenin 50 mg/kg. Serum testosterone and inhibin B levels by immunoassays were evaluated. The
related oxidative damage markers were determined by kit and histopathological examination was also performed.
The results showed that the administration of apigenin was shown a significant effect on the recovery of testis func-
tion. When compared with the H group, the H + apigenin groups showed a significant increase in testosterone and
inhibin B levels. Superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) activity increased after treated
by apigenin, but malondialdehyde (MDA) reduced. Histopathological examination further verified the effects of api-
genin on scrotal heat-induced damage mice. In conclusion, the results of the present study indicate for the first
time the ability of apigenin in attenuation of heat-induced testicular damage, apigenin therapy may be useful as a

suppressor of degenerative effects following testicular hyperthermia.
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Introduction

Scrotal temperature and fertility are closely
associated and the temperature of the testis is
a few degrees lower than the abdomen, this
cooler temperature is essential for testis to
maintain a suitable environment for spermato-
genesis [1-3]. Many studies have documented
the adverse effects of heat stress on the
human testis [4]. Seeking an effective thera-
peutic to solve or prevent the problem of scro-
tal heat-induced sterility is urgently.

Oxidative stress play a fundamental role in the
regulation of apoptosis, it widely involved in the
pathophysiologies of male infertility [5, 6].
Previous studies have reported that scrotal
temperatures above the normal range caused
oxidative stress and germ cell loss in testis,
which lead to male subfertility [7, 8]. Oxidative
stress caused by numerous factors including
elevated temperature and so on, germ cell
apoptosis caused by heat-induced oxidative

stress is a potential mechanism to impair sper-
matogenesis. Pharmaceutical agents with anti-
oxidant features may be beneficial for scrotal
heat-induced sterility.

Apigenin (4, 5, 7-trihydroxyflavone), a less toxic
and non-mutagenic flavones subclass of flavo-
noids, commonly found in parsley and dried
flowers of chamomile as well as in other plants,
fruits, vegetables, herbs, and spices [9, 10].
Apigenin has many pharmacological activities,
such as anticancer, antiviral, antibacterial, anti-
oxidant, anti-apoptosis, and anti-inflammatory
[12-13]. To the best of our knowledge the ben-
eficial effects of antioxidant pharmaceutical
agent were limited in heat-induced sterility.
Therefore, this study was set to clarify whether
the harmful effects of testicular hyperthermia
could be prevented by chronic administration of
apigenin and it could accelerate the recovery
process of mouse testis following heat expo-
sure.
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Figure 1. Effects of apigenin on serum cytokine levels in mice. Apigenin markedly increases the serum levels of
testosterone (A) and inhibin B (B) in the mice underwent heat-treat. Data were shown as mean + SD. “P < 0.05 vs.

control group, #P < 0.05 vs. H group.

Materials and methods
Materials

Apigenin was obtained from Chengdu Must
Biotechnology Co., Ltd. (Chengdu, China), the
purity of the chemical was more than 98.0%.

Animals

Male Institute of Cancer Research (ICR) mice
(8 weeks old) were obtained from the Expe-
rimental Animal Center of Suzhou Aiermaite
technology Co. Ltd. (SPF grade, Certificate No.
SCXK20140007). The mice were housed in a
room under temperature (23 + 2°C), with a rel-
ative humidity of 50 + 10%, 12 h light/dark
cycle and free access to water and food.

Ethics statements

All animal experiments were performed in
accordance with the Institutional Animal Care
Committee of Yuhuangding hospital.

Experimental procedure

Mice were randomly assigned to five groups: (1)
control group; (Il) heat-treat (H) group; () H +
apigenin 10 mg/kg; (IV) H + apigenin 20 mg/
kg; (V) H + apigenin 50 mg/kg. Each group con-
sisted of 10 mice.

Testicular hyperthermia was induced as de-
scribed previously [14]. In short, after mice
anesthesia, their testes were immersed once in
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a thermostatically controlled water bath at
43°C for 30 min once daily for six consecutive
days. Control mice were treated in the same
way, but kept at 22°C. After scrotal hyperther-
mia, animals were dried, examined for any red-
ness or injury to the scrota, and then returned
to their cages. The mice in the apigenin treat-
ment groups (groups lll, IV and V) received api-
genin by gavage, once daily for 35 days respec-
tively. I, Il groups received physiologic saline
instead.

Serum cytokines analysis

The mice were anesthetized with 10% chloral
hydrate (300 mg/kg), the blood sampling was
centrifuged 3,000xg for 10 min at 4°C. The
supernatant was collected and serum testos-
terone and inhibin B levels were measured by
enzyme-linked immunosorbent assay (ELISA)
kits (Nanjing Jiancheng Co., Nanjing, Jiangsu,
CHN).

Biochemical analysis of antioxidant status

The testes were homogenized in physiological
saline solution and centrifuged at 3, 000xg for
10 min at 4°C. The supernatant was collected
and quantitatively assayed for the levels of
MDA, SOD and GSH-Px. The detection of these
substances used enzyme-linked immunosor-
bent assay (ELISA) kits according to the manu-
facturer instructions (Nanjing Jiancheng Co.,
Nanjing, Jiangsu, CHN).
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Histopathological evaluation

Testes from each animal were prepared for his-
tological study. Following fixation of testicular
sections in 4% paraformaldehyde solution over-
night, the specimens were embedded in paraf-
fin wax and then cut into 5-um thick sections.
Finally, the sections were stained with hema-
toxylin and eosin (H&E) and examined under a
light microscope.

Statistical analysis

Statistical analysis was performed by using
SPSS 17.0 and data were reported as the mean
+ SD. Differences between groups were ana-
lyzed by one-way analyses of variance (ANOVA)
followed by Scheffe test. P < 0.05 was consid-
ered to indicate statistically significant.

Results

Effect of apigenin on serum testosterone and
inhibin B level in mice

Differences in testosterone concentrations in
serum among groups are shown in Figure 1A.
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Figure 2. Effects of apigenin on antioxidant sta-
tus in mice. Apigenin notably reduces the MDA
content (A) elicited by heat-treat and increases
the SOD activity (B) and GSH-Px content (C) sup-
pressed by heat-treat. Data were shown as mean
+ SD. *P < 0.05 vs. control group, #P < 0.05 vs.
H group.

Serum testosterone level decreased in mice
treated with hyperthermia compared to the
control group (P < 0.05), while it increased in H
+ apigenin groups as compared to the H group
(P < 0.05, respectively).

As shown in Figure 1B, serum inhibin B levels
decreased significantly after heat treatment (P
< 0.05). The inhibin B levels were higher in the
H + apigenin groups than the H group (P < 0.05,
respectively).

Effect of apigenin on testicular malondialde-
hyde (MDA), superoxide dismutase (SOD) and
glutathione peroxidase (GSH-Px) activity in
mice

As shown in Figure 2, scrotal hyperthermia
resulted in significant increases in MDA levels
in the testicular tissues when compared with
the control group (P < 0.05). The antioxidant
activities of SOD and GSH-Px enzymes after
scrotal hyperthermia was significantly lower
when compared with the control (P < 0.05,
respectively). On the contrary, administration of
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apigenin to mice resulted in a significant reduc-
tion in testicular MDA contents (P < 0.05) and a
significant increase in testicular SOD and GSH-
Px content (P < 0.05, respectively) as compared
to the H group.

Effect of apigenin on testicular histopathologi-
cal changes in mice

Figure 3 demonstrates photomicrographs that
illustrate the histological changes in the mouse
testis of different treatment groups. On histo-
pathological examination, testes of control
mouse showed normal morphology and sper-
matogenesis, containing abundant amounts of
spermatids and sperm in the lumen (Figure
3A). On the contrary, H group showed remark-
able degenerative changes, necrosis and disor-
ganization of the histological structure of semi-
niferous tubules. Germinal epithelial cells were
separated from each other and from the tubu-
lar basement membrane. There was also des-
quamation of germinal cells and consequent
appearance of irregular spaces in the epitheli-
um (Figure 3B). Administration of apigenin to
scrotal heat treated mice significantly prevent-
ed scrotal hyperthermia-induced testicular inju-
ry, where normal histological pattern, preserved
diameter of seminiferous tubules, and normal
spermatogenic series and spermatids forma-
tion were revealed. In addition, the thickness of
basement membrane, sertoli cells and intersti-
tial Leydig cells appeared intact and normal
(Figure 3C-E).
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Figure 3. Effects of apigenin against
heat-induced pathological changes.
A. Control group; B. H group; C. H
+ apigenin 10 mg/kg group; D. H
+ apigenin 20 mg/kg group; E. H
+ apigenin 50 mg/kg group (He
x200).

Discussion

The present study examined the protective
effects of apigenin on heat-induced testicular
damage in the mice. The results of our experi-
ment demonstrated that the deleterious effects
of testicular hyperthermia can be improved
obviously by apigenin administration.

An increase in scrotal temperature can cause
the production of poor quality spermatozoa,
germ cell depletion, and male infertility [15,
16]. Previous study demonstrated a sharp
reduction in testis weight and collapsed tubules
in mice subjected to scrotal heat [17]. In this
study, we established scrotal heat model
through exposure of the mouse scrotal testis at
43°C for 30 min. Our research shows scrotal
heat treatment could reduce the concentra-
tions of testosterone and inhibin B in serum,
which are the serum markers of spermatogen-
esis. However, apigenin markedly increases the
serum levels of testosterone and inhibin B in
the mice underwent heat-treat.

Mammalian testes are highly susceptible to oxi-
dative stress. Previous research has suggested
that high concentrations of ROS play an impor-
tant role in the pathophysiology of human sper-
matozoa [18]. ROS is a product of biological
aerobic metabolism, ROS formation is always
accompanied by an up-regulation of the antioxi-
dant enzyme system, which protects tissues
against damage caused by excessive ROS via
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the scavenging activity of enzymes such as
SOD and GSH-Px. SOD is an enzyme that is
extensively used as a biochemical indicator of
pathological states associated with oxidative
stress [19]. GSH-Px acts as an enzymatic anti-
oxidant both intracellularly and extracellularly
in conjunction with various enzymatic process-
es that reduce hydrogen peroxide (H,0,) and
hydroperoxides [20]. MDA is the end-product of
the oxygen-derived free radicals and lipid oxi-
dation, which reflects the damage caused by
ROS [21]. Testicular oxidative stress is affected
by the balance between ROS production and
this scavenging system. In our study, MDA
concentrations were significantly increased
after heat treatment, concomitantly with the
decrease in the SOD and GSH-Px activities.
However, apigenin could significant ameliorate
these abnormalities. These results indicated
that scrotal heat induced oxidative stress in
the testes and apigenin treatment could inhibi-
tion heat induced oxidative damage.

Histopathological examination of testis in the
current study emphasized the biochemical
parameters and confirmed the deleterious
effects of testicular hyperthermia on the
mouse testis. Our studies showed that nandro-
lone decanoate administration to mice reduced
the number and size of Leydig cells, enhanced
cytoplasmic vacuolisation, elicited lipid drop-
lets deposition, increased lysosomes in sertoli
cells, and reduced the length of seminiferous
tubules. Apigenin administration in the present
work has completely abolished scrotal heat-
induced damage on the histopathological level.

In conclusion, our results provide evidence that
testicular heating can lead to male sterility and
oxidative stress occurred in heated testes. We
also demonstrated that apigenin could attenu-
ate heat-induced testicular damage in mouse
model. The mechanisms of action for apigenin
include inhibiting oxidative injuries. Our find-
ings suggest that apigenin therapy may be use-
ful as a suppressor of degenerative effects fol-
lowing testicular hyperthermia.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Cui-Fang Hao, De-
partment of Reproductive Medicine, Yuhuangding
Hospital Affiliated to Qingdao University, No. 20

6346

Yuhungding East Road, Yantai, China. Tel: +86
13863859669; Fax: +86 0535-6691999; E-mail:
haocuifang@hotmail.com

References

[1] Mieusset R, Bujan L. Testicular heating and its
possible contributions to male infertility: a re-
view. Int J Andro 1995; 18: 169-184.

[2] Jung A, Schuppe HC. Influence of genital heat
stress on semen quality in humans. Andrologia
2007; 39: 203-215.

[3] Hijollund NH, Storgaard L, Ernst E, Bonde JP,
Olsen J. Impact of diurnal scrotal temperature
on semen quality. Reprod Toxicol 2002; 16:
215-221.

[4] Kormano M. Development of the rectum-testis
temperature difference in the postnatal rat. J
Reprod Fertil 1967; 14: 427-437.

[5] Buttke TM, Sandstrom PA. Oxidative stress as
a mediators of apoptosis. Immunol Today
1994, 15: 7-10.

[6] Turner TT, Lysiak JJ. Oxidative stress: a com-
mon factor in testicular dysfunction. J Androl
2008; 29: 488-498.

[71 Paul C, Teng S, Saunders PT. A single, mild,
transient scrotal heat stress causes hypoxia
and oxidative stress in mouse testes, which in-
duces germ cell death. Biol Reprod 2009; 80:
913-919.

[8] Zhang M, Jiang M, Bi Y, Zhu H, Zhou Z, Sha J.
Autophagy and apoptosis act as partners to in-
duce germ cell death after heat stress in mice.
PLoS One 2012; 7: e41412.

[9] Sharma H, Kanwal R, Bhaskaran N, Gupta S.
Plant flavone apigenin binds to nucleic acid
bases and reduces oxidative DNA damage in
prostate epithelial cells. PLoS One 2014; 9:
€91588.

[10] Tahanian E, Sanchez LA, Shiao TC, Roy R, An-
nabi B. Flavonoids targeting of lkappaB phos-
phorylation abrogates carcinogen-induced
MMP-9 and COX-2 expression in human brain
endothelial cells. Drug Des Devel Ther 2011;
5:299-309.

[11] Patel D, Shukla S, Gupta S. Apigenin and can-
cer chemoprevention: progress, potential and
promise (review). Int J Oncol 2007; 30: 233-
245,

[12] Shukla S, Gupta S. Apigenin: a promising mol-
ecule for cancer prevention. Pharm Res 2010;
27: 962-978.

[13] Fu MS, Zhu BJ, Luo DW. Apigenin prevents
TNF-alpha induced apoptosis of primary rat
retinal ganglion cells. Cell Mol Biol (Noisy-le-
Grand) 2014; 60: 37-42.

[14] Lue YH, Hikim AP, Swerdloff RS, Im P, Taing KS,
Bui T, Leung A, Wang C. Single exposure to
heat induces stage-specific germ cell apopto-

Int J Clin Exp Med 2016;9(3):6342-6347


mailto:haocuifang@hotmail.com

[15]

[16]

[17]

6347

Effects of apigenin on scrotal heat-induced damage

sis in rats: role of intratesticular testosterone
(T) on stage specificity. Endocrinology 1999;
140: 1709-1717.

Banks S, King SA, Irvine DS, Saunders PT. Im-
pact of a mild scrotal heat stress on DNA integ-
rity in murine spermatozoa. Reproduction
2005; 129: 505-514.

Perez-Crespo M, Pintado B, Gutierrez-Adan A.
Scrotal heat stress effects on sperm viability,
sperm DNA integrity, and the offspring sex ra-
tio in mice. Mol Reprod Dev 2008; 75: 40-47.
Paul C, Murray AA, Spears N, Saunders PT. A
single, mild, transient scrotal heat stress
causes DNA damage, subfertility and impairs
formation of blastocysts in mice. Reproduction
2008; 136: 73-84.

(18]

[19]

[20]

[21]

Sharma RK, Agarwal A. Role of reactive oxygen
species in male infertility. Urology 1996; 48:
835-850.

Erten SF, Kocak A, Ozdemir |, Aydemir S, Colak
A, Reeder BS. Protective effect of melatonin on
experimental spinal cord ischemia. Spinal
Cord 2003; 41: 533-538.

Shaafi S, Afrooz Razm M, Hajipour B, Dadadshi
A, Hosseinian MM, Khodadadi A. Anti-oxidative
effect of lipoic acid in spinal cord ischemia/re-
perfusion. Med Princ Pract 2011; 20: 19-22.
Qian H, Liu D. The time course of malondialde-
hyde production following impact injury to rat
spinal cord as measured by microdialysis and
high pressure liquid chromatography. Neuro-
chem Res 1997; 22: 1231-1236.

Int J Clin Exp Med 2016;9(3):6342-6347



