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ABSTRACT

Objective: To explore the potential effect of melatonin on the in-vitro maturation of mouse oocytes under heat shock condition.
Methods: This study used a heat shock model of mouse oocyte maturation. The oocytes were randomly divided into three groups:
control group, heat shock group and heat shock + melatonin group, in order to evaluate the effect of 1×10−9 mol/L melatonin on
the quality of oocytes after heat shock.
Results: In comparison with the control group, the maturation rate of mouse oocytes in heat shock group was significantly
decreased [(33.00 ± 0.07)% vs. (85.00 ± 0.03)%, p < .01], with abnormal spindle assembly, and the early apoptosis rate was
significantly increased [(59.7 ± 4.5)% vs. (22.0 ± 3.5)%, p < .01]. Compared with heat shock group, the maturation rate of
oocytes was significantly increased in heat shock + melatonin group [(70.00 ± 0.05)% vs. (33.00 ± 0.07)%, p < .01], meanwhile,
the spindle abnormality rate and the early apoptosis rate were significantly decreased accordingly [(37.3 ± 6.1)% vs. (59.7 ±
4.5)%, p < .01]. The expression level of heat shock protein 70 was significantly up-regulated in heat shock + melatonin group in
comparison with other two groups (p < .01).
Conclusions: By regulating the over-expression of heat shock protein 70, melatonin can improve the declined maturation rate of
oocytes and the increased rates of spindle assembly abnormality and early apoptosis caused by heat shock.
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1. INTRODUCTION

Mammals have a capability to keep physiological function
in the range from 35 to 39◦C. To keep body temperature con-
stant is vital for living bodies to maintain normal physiologi-
cal function. Under the condition of sustained high tempera-
ture, the animal body can respond to the severe environment
by a series of physiological and pathological changes. If
the external temperature is too high, the regulating ability of
body will be suppressed. When the temperature reaches up
to 41◦C, most of animals can’t stand this type of stress, to

the extent that the physiological function will be impaired.[1]

The reproductive system of mammals is more sensitive to
temperature than any other parts of body. A large number of
researches have shown that heat stress (HS) severely affects
mammal spermatogenesis, oocyte maturation, early embryo
development and fetal growth and development. HS can
lead to oocyte dysmaturity by various approaches, probably
affecting the synthesis of steroid hormones (such as LH) in
granule cells;[2] HS can impair chromosomes and cytoskele-
ton of in-vitro maturated oocytes, and then decrease the
embryo development.[3] Other researches also show that HS
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can induce the apoptosis of porcine granule cells, accelerate
follicular atresia, and significantly decrease the ovulation
rate.[4] With the suppression of apoptosis-related gene cas-
pase, the adverse effect of HS on the developmental poten-
tiality of bovine embryos is significantly decreased.[5] In
mouse oocytes, HS promotes the over-expression of reactive
oxygen species (ROS), decreases the content of glutathione,
and consequently results in the occurrence of oxidative stress
responses.[6] However, oxidative stress response, one of the
most common factors impairing the normal physiological
function of cells, can result in the destruction of intracellular
structures and lead to cell death. Antioxidants can improve
cell living environment and reduce the damage of HS to
cells. Melatonin (N-acetyl-5-methoxytryptamine) is one of
the most effective oxidants. Melatonin plays an important
role in the maturation of oocytes, ovulation and the develop-
ment of early embryos etc. The research results show that
melatonin can improve the quality of bovine oocytes and
then improve the embryo development,[7] and it is probable
to be a novel adjuvant drug for the treatment of infertility.[8]

Even though many researches have reported the promotion
effect of melatonin on the in-vitro maturation of oocytes, the
specific mechanism remains unclear yet. This research is
designated to identify the potential relationship of HS with
the maturation and the impairment of oocytes by establishing
a HS model of oocytes. Furthermore, it is also intended to
explore the functional mechanism of melatonin on promot-
ing the maturation of oocytes under the condition of HS by
adding melatonin in vitro.

2. MATERIALS AND METHODS
2.1 Experimental animals
8-week-old ICR mice were purchased from SPF Experimen-
tal Animal Breeding Center of Inner Mongolia University,
raised under the temperature of 22 to 24◦C, the humidity of
40%-60%, and the lighting condition (12 h light/dark cycle).
These mice were fed with sterile pelletized feed, and had free
access to food and water. All animal experiments involved in
this research were performed in accordance with “Manipula-
tive Technique for the Care and Use of Laboratory Animals”
of Inner Mongolia Medical University.

2.2 Research methods
2.2.1 The collection and the in-vitro maturation of oocytes
8-week-old ICR female mice were given subcutaneous injec-
tion of 10 U of pregnant mare serum gonadotropin (PMSG)
respectively, and sacrificed by means of cervical dislocation
after 48 h. Mouse ovaries were taken out and punctured to
collect cumulus-oocyte complexes. Glass needles with an
appropriate diameter were used to repeatedly blow the com-
plexes to remove cumulus cells. The remaining oocytes were

cultivated in CZB culture medium (Sigma, USA) and placed
into the incubator (37◦C, 5% CO2). On the time point of 2.5
h, it was required to calculate the rate of germinal vesicle
breakdown (GVBD), i.e., GVBD rate = (the number of cells
in GVBD/the total number of cells) × 100%; on the time
point of 14 h, the rate of first polar body extrusion (PBE) was
calculated, that is, PBE rate = (the number of oocytes with
PBE/the total number of cells) × 100%.

2.2.2 HS treatment and medication treatment

The oocytes were randomly divided into three groups: con-
trol group (Ctrl group), heat shock group (HS group) and heat
shock + melatonin group (HS + M group). The concentration
of melatonin (Sigma, USA) was 1 × 10−9 mol/L.[9] Cul-
ture droplets were kept overnight to attain equilibrium. The
oocytes in the control group were placed into CZB culture
medium containing 2.5 µmol/L of milrinone (Sigma, USA)
to make oocytes keep in GV phase and cultivated under the
condition of 37◦C and 5% CO2 for 10 h; the oocytes in HS
and HS + M groups were placed into CZB culture medium
containing 2.5 µmol/L of milrinone and cultivated in the
incubator (42◦C, 5% CO2) for 10 h for HS treatment. Sub-
sequently, 3 groups of oocytes were immersed into droplets
to rinse out milrinone and then transferred to the incubator
(37◦C, 5% CO2) for maturation culture.

2.2.3 Fluorescence staining of spindles and chromosomes

The oocytes were collected and then placed into Tyrode’s
solution to remove zona pellucida, subsequently fixed with
4% PFA for 30 min, permeated with 0.5% Triton X-100 for 1
h and blocked in 1% BSA for 1 h at room temperature; incu-
bated overnight in primary antibody anti-β-tubulin (Abcam,
USA) under the ratio of 1:2,000 at 4◦C, and then incubated
for 1 h in a light-proof place in 1:1,000 secondary antibody
FITC-Donkey Anti-Rabbit IgG (Jackson ImmunoRearch,
USA) at room temperature. Later, these cells were re-stained
with 1:50 PI (Sigma, USA) for 10 min at room temperature
and mounted to be observed and imaged under the confocal
microscope.

2.2.4 The measurement of the early apoptosis of oocytes

Apoptosis detection kits were purchased from Nanjing
Jiancheng Bioengineering Institute and used in the detection
according to the operating instruction. The ratio of binding
buffer and Annexin-V-FITC was set as 10:l. After the cells
were incubated in a light-proof place for 10 min, they were
observed, counted and photographed under the confocal laser
scanning microscope. The early apoptosis of oocytes can be
indicated by green fluorescence signals, i.e., apoptosis rate
= (the number of oocytes with fluorescence signals/the total
number of cells) × 100%.
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2.2.5 The measurement of heat shock protein 70 by use of
western blot

The collected oocytes were added by 13 µl of lysis buffer
(Bio-rad, USA) to achieve HS protein 70, which was then
boiled for 5 min and loaded in 12% separating gel. The
electrophoresis was performed under the constant voltage of
120 V for 150 min. Wet transfer was used for transmembrane
for 1 h under the current of 200 mA. 5% skim milk powders
were used for blocking for 2 h. The band position of the target
protein was selected to overnight incubate first antibody Anti-
Hsp70 (Abcam, USA) and 1:500 Anti-β-tubulin (Abcam,
USA) respectively at 4◦C. Subsequently, 1:2,000 secondary
antibody Perox-AffiniPure Dnk Anti-Rabbit IgG (Jackson
ImmunoRearch, USA) was incubated for 1 h at 37◦C. After
this process, HRP chemiluminescence ECI (Pierce, USA)
was also incubated for measurement and imaging.

2.3 Statistical analysis
Each experiment in this study was made in triplicate at least,
and SPSS 20.0 software was used to make an analysis of
statistical data. The measurement data were represented by
(X̄± s), and the comparison of two groups was made by use
of Student’s t test. The difference (p < .05) was of statistical
significance.

3. RESULTS
3.1 The effect of melatonin on promoting the matura-

tion of HS-treated oocytes
The statistical analysis was made by treating oocytes with
HS and adding melatonin for the in-vitro maturation for
14 h after HS treatment. The results showed that, in compari-
son with the control group, GVBD rate and PBE rate were
significantly decreased in HS group (p < .01); after adding
melatonin to the culture medium of HS-treated oocytes, in
comparison with HS group, GVBD rate (p < .05) and PBE
rate (p < .01) in HS + M group were obviously increased, but
still remarkably lower than the control group (p < .01) (see
Table 1, Figure 1).

Table 1. The effect of melatonin on the maturation of
HS-treated oocytes (X̄±s)

 

 

Group N GVBD Rate (%) PBE Rate (%) 

Control Group 129 96.00 ± 0.04 85.00 ± 0.03 

HS Group 126 72.00 ± 0.04* 33.00 ± 0.07* 

HS + M Group 115 80.00 ± 0.03*# 70.00 ± 0.05*+ 

Note. In comparison with the control group, *p < .01; in comparison with HS group,  
#p < .05, +p < .01. 

Figure 1. The maturity of oocytes in different treatment group

3.2 The effect of melatonin on improving spindle abnor-
mality of HS-treated oocytes

In order to explore the mechanism of melatonin to improve
the quality of oocytes, the microtubule condition of spindle
was observed with the help of immunofluorescence stain-
ing. It was found that, in comparison with the control group,
the abnormality of spindle assembly occurred in HS-treated

oocytes, resulting in the incorrect arrangement of chromo-
somes to the equatorial plate (see Figure 2). Through count-
ing the number of abnormal spindles, it was found that, in
comparison with the control group, the rate of abnormal spin-
dles in HS group was obviously increased (p < .01); after
adding melatonin, the abnormality of spindle assembly in
HS + M group was relieved to some extent in comparison
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with HS group (p < .01), but didn’t recover to the level in the
control group (p < .01) (see Table 2).

Table 2. The effect of melatonin on the spindle abnormality
rate of HS-treated oocytes (X̄±s)

 

 

Group N Spindle Abnormality Rate (%) 

Control Group 129 11.8 ± 2.5 

HS Group 126 55.9 ± 2.7* 

HS + M Group 115 36.0 ± 7.4*# 

Note. In comparison with the control group, *p < .01; in comparison with HS group,  

# p < .01. 

3.3 The effect of melatonin on reducing the early apop-
tosis of HS-treated oocytes

The results concerning the early apoptosis of oocytes showed
that the apoptosis rate of the oocytes in HS group was obvi-
ously higher than that in the control group (p < .01); after
adding melatonin, the apoptosis rate of HS-treated oocytes
was decreased to some extent (p < .01) (see Table 3, Figure
3).

Table 3. The effect of melatonin on the early apoptosis of
HS-treated oocytes (X̄±s)

 

 

Group N Apoptosis Rate (%) 

Control Group 129 22.0 ± 3.5 

HS Group 126 59.7 ± 4.5* 

HS + M Group 115 37.3 ± 6.1*# 

Note. In comparison with the control group, *p < .01; in comparison with HS group,  
# p < .01. 

3.4 The effect of melatonin on improving the quality of
oocytes by the over-expression of HSP70

The expression level of heat shock protein 70 (HSP70) was
measured to explore the mechanism of melatonin to improve
the quality of oocytes. The results showed that the expres-
sion level of HSP70 was up-regulated somewhat, but there
was no significant difference in comparison with the control
group (p > .05); after adding melatonin, the expression level
of HSP70 in HS + M group was obviously increased in com-
parison with the control group and HS group (p < .01) (see
Figure 4).

Figure 2. The condition of spindles in MII oocytes of different treatment groups (chromosomal complexes treated with
immunofluorescence staining)
Red: Chromosomes; Green: Spindles; Scale = 20 µm

Figure 3. The condition of the early apoptosis in MII occytes of different treatment groups
The signal of the early apoptosis was shown as green fluorescence on the oocyte membrane
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Figure 4. The expression of HSP70 in oocytes of different treatment groups
In comparison with the other two groups, *p < .01

4. DISCUSSION

Heat shock can result in oxidation damage to animal repro-
ductive system, cause cell dysfunction and lead to cell apop-
tosis. For example, hyperthermia can remarkably induce the
apoptosis of porcine ovarian follicles and granule cells.[10]

In 22 h after artificial insemination, if the porcine embryo is
exposed to the temperature of 42◦C for 9 h, it will lead to
the abnormal embryo development.[11] The results of this re-
search have shown that HS can significantly influence GVBD
and PBE rates, which conforms to the research results from
previous scholars. HS can affect the developmental potential-
ity of embryos by influencing the maturation of oocytes.[12]

By means of immunofluorescence staining, it has been found
that HS has an effect on the assembly of microtubules during
the maturation of oocytes, so that oocytes cannot extrude first
polar bodies normally. The early apoptosis of oocytes has
been also measured in this research, which indicates that HS
can significantly increase the early apoptosis rate of oocytes,
and the early apoptosis rate can be effectively reduced by
adding melatonin, but it fails to recover to the level of the
control group.

Melatonin is an effective antioxidant, altogether with its
metabolites N1-acety-N2-methoxytryptamine and N1-acety-
5-methoxytryptamine, can directly eliminate reactive oxy-
gens and stimulate the generation of antioxidant enzymes.
Additionally, melatonin can reduce the generation of hy-
droxyl radicals by chelating transition metal ions. Therefore,
by virtue of mechanism, melatonin can relieve oocyte dysma-
turity caused by heat stress. Beyond all that, some researches

have also shown that HSP70 is a type of multi-factor acting
factor which can maintain intracellular homeostasis and sup-
press cell apoptosis.[13] By regulating the levels of caspase-3
and cytochrome C, HSP 70 can prevent cells from apoptosis
and play a role in the downstream of apoptosis regulatory
network. High level of HSP70 can up-regulate SPKH1, BCL-
2, SOD1, CAT and CPX4 and down-regulate p53 in order to
help oocytes to survive.[14–16] Therefore, the measurement
results in this research have shown that melatonin can im-
prove the quality of oocytes by up-regulating the expression
of HSP70 to protect oocytes.

5. CONCLUSION
HS can affect the maturation of oocytes under the condition
of in-vitro culture. It may be caused by oxidative stress and
the generation of disturbing hormones, which conversely
lead to nuclear maturation and cell cycle arrest. Apart from
that, by inhibiting the normal function of mitochondria, HS
can lead to oocyte dysmaturity and even cause early apop-
tosis. Melatonin can significantly improve the maturation
of oocytes by eliminating ROS and regulating the genera-
tion of steroid hormones.[17] More essentially, melatonin
can protect mitochondria from early apoptosis brought by
stress damage.[18] What’s more, oocytes may have a self-
protection mechanism to enhance the generation of endoge-
nous melatonin to change the expression of HSP70. All these
mechanisms can help oocytes to cope with HS.
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