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ABSTRACT Lonicera caerulea (Honey berry, HB) has been used in medical treatment
in Russia, Japan, China and Korea. It has high level of vitamin C and polyphenolics.
Polyphenolics can improve anti-inflammatory effect and prevent cancer, diabetes
mellitus type 2. Also, Vitamin C is a representative anti-oxidant. however, it is still
unknown what effect it will have on the oxidation stress of the reproductive system.
In previous studies, ROS can be produced when it is exposed to heat stress and
has negative effect on sperm’s maturation, capacitation, hyperactivation, acrosome
reaction and fusion of egg and sperm. Therefore, the purpose of this study is to
investigate the antioxidant effects of L. Caerulea on the sperm and mice. At first, it
conducted using ICR mouse (n = 20) for 4 weeks. There are four groups of mice (n
= 5 per group). Also, L. Caerulea was taken by oral gavage. Group I (control) kept at
23℃-27℃ and administer D.W (0.5 mL/day), Likewise, Group II (HB) kept at room
temperature but gave HB (250 mg/kg, 0.5 mL/day), Group III (HB + HS) received
heat stress (40℃) using hyperthermia induction chamber and gave HB at same
dose. and Group IV (HS) exposed heat stress only. Mainly, we showed degree of gene
expression using Western blot in SOD, HSP 70, 17β-HSD and Real-time PCR. It can find
correlation between intracellular activity like steroid hormone, apoptosis under ROS
and antioxidant activity of L. Caerulea.
Keywords: antioxidant, heat stress, Lonicera caerulea, mouse, testis

INTRODUCTION

ticular heat, which is a real risk factor for male infertility.
The testes are the male reproductive organs responsible

Over the past few decades, the increasing number of in-

for sperm production. In mammals, the temperature of

fertility factors in young men worldwide and the gradual

the testes to form normal sperm must be 2-8℃ below

deterioration of sperm quality have led to lower sperm

body temperature. Heat stress is applied to the testicles

parameters proposed by the World Health Organization

in daily living environments such as prolonged sitting or

(WHO) (Cohen et al., 2015). There is growing evidence

exposure to radiant heat, varicose veins, latent orchiopa-

that human sperm quality is declining. Decreased sperm

thy, over-the-lap use of laptops, sauna, and warm baths

quality is caused by exposure to negative lifestyle habits

(Durairajanayagam et al., 2015; Hamilton et al., 2016).

such as obesity, cell phone use, smoking, and alcohol

In elevated testicular temperature, sperm stem cells are

consumption (Dissanayake et al., 2019). Among them, the

damaged, affecting the differentiation and proliferation

most direct cause is genital heat stress due to high tes-

of sperm (Ahn et al., 2020). In addition, heat stress and
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al., 2021). ROS increases the expression of TRPV1 and in-

stress is reduced by L. Caerulea, 17β-HSD is normally expressed, and the levels of androstenedione and aromatase

duces apoptosis of Leydig cells (Kim et al., 2021). Besides,

testosterone are also normally expressed. However, tissue

it induces heat shock protein production and causes sper-

changes caused by thermal shock cannot fully restore tes-

matogenesis arrest, germ cell death, and DNA damage in

ticular function. However, by stopping the continuous tis-

sperm. For these, serious problems, the male genital tract

sue damage, it can minimize the sequelae, activate tissue

utilizes antioxidant mechanisms to resist heat stress, but it

reconstruction, and suppress infertility.

chemical stress generate ROS and induce apoptosis (An et

is still unknown. However, this does not mean that there
are no effective methods for heat stress. Previous studies

MATERIALS AND METHODS

have shown that curcumin and mucuna pruriens contain
a large amount of polyphenol, which has a chemical pro-

Animal

tective effect (Jang et al., 2009; Suresh et al., 2011). Like-

Gachon University approved all experiments, and each

wise, L. Caerulea contains phenol and vitamin C, which

4-week-old ICR mice were purchased from Doo Yeol Bio-

can prevent cancer, diabetes, and cardiovascular disease,

tech. The animals were raised 1week in the animal room

lower blood pressure and slow the aging process. This

of the Gachon University bionano research institute.

effect can suppress the oxidative effect caused by heat

This study was conducted in male ICR mice for 4 weeks.

stress and protect the testicles (Sochor et al., 2014; Liu

Animals were managed in a restricted environment with

et al., 2018; Molina et al., 2019; Shahat et al., 2020). In

Purina laboratory animal diets, water, and constant tem-

the heat-stressed testis, the expression level of 17β-HSD

perature. All procedures were performed according to the

decreased, Hsp70 and Caspase 3, which are heat shock

protocol approved by IACUC (GIACUC-R2017036) of the

proteins, increased, and eventually, testosterone levels

Animal Experimental Ethics Committee of Gachon Uni-

decreased. Decreased testosterone and increased ROS af-

versity.

fect negative morphological changes in testicular tissue,
and damage to seminiferous tubule and Leydig cells in

Experimental design

the altered testicular tissue causes DNA changes in both

The total number of mice was n = 20, with the experi-

immature sperm and mature sperm, resulting in the for-

mental groups (n = 15) male ICR mice, respectively, and

mation of malformed sperm (Labrie et al., 1997; Chang

the groups were classified as A, B, C, and D. A is a control

et al., 2014; Durairajanayagam, 2015; Alotaibi, 2020; Cai

group (C, n = 5), B is a honey berry group (HB, n = 5), C

et al., 2021). It’s possible. Similarly, changes in Leydig

is a heat stress group (HB, n = 5), and D is a combina-

cells affect the expression of androstenedione, leading

tion group of heat stress and honey berry (HB + HS, n =

to a decrease in the expression of testosterone. When L.

5). Group A (negative control) was subjected to the same

Caerulea is ingested, the testicular tissue damage caused

stress as the experimental group by oral administration of

by such severe heat stress increases the cell’s antioxidant

D.W (0.5 mL/day). Honeyberry was diluted to a concen-

action to protect the testicles from heat stress. L. Caerulea

tration of 250 mg/kg and orally administered at 0.5 mL/

contains a large amount of polyphenol and L-ascorbic,

day. The HS group and the HB + HS group were received

which shows an antioxidant effect against increased ROS

to heat stress on the testes in a water bath at 42℃ for 30

(Andrade and Fasolo, 2014; Hidalgo and Almajano, 2017).

minutes.

Polyphenol promotes the expression of antioxidant enzymes by increasing the expression levels of miRNA and

RESULTS

Nrf2 related to antioxidant (Kim and Keum, 2016; Zhou
et al., 2019). H2O2 reacts with superoxide anions formed

Weight measure (Fig. 1)

in oxidative metabolism to generate hydroxyl radicals. L-

Individual body weights of 9-weeks-old mice were mea-

ascorbic is a well-known antioxidant that works as a per-

sured at necropsy. Adrenal gland, heart, liver, lung, sali-

oxidase and removes the formed radicals to convert H2O2

vary glands, spleen, and testis weights were also measured

to H2O, preventing oxidative stress caused by heat shock

after autopsy. Rats were always weighed and fasted for 6

(Vijayprasad et al., 2014; Sun et al., 2019). As oxidative

hours prior to necropsy, but there were no restrictions on
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Fig. 1. Effects of Lonicera caerulea (250 mg/kg, 0.5 mL/day) administration on body and testis weight of mice after 4 weeks. (A) body
weight and (B) Organ weight. HS (Heat shock group). HB (Honey berry group), HB + HS (Honey berry + Heat shock group). Compared
to the control group, the HS group had a relatively reduced weight, but the liver weight was measured relatively similarly. However,
due to thermal shock, adrenal gland emptying was reduced, and testicular weight was also reduced. HB + HS group, compared to the
control group, the body weight increased significantly, and the weight of the testes increased even after receiving a thermal shock.
Value is mean ± SD of 4 mice group (SPSS, Tukey HSD, n = 20), *p < 0.05 vs. the control group.

Germany). Basophil, Eosinophil, Leukocyte, Monocyte,

water supply.

Neutrophil, MPXI (Myeloperoxidase Index), and WBCP

WBC differential count (Fig. 2)
9-weeks-old mice tissue samples were obtained from

(Whole blood coagulation profile) were measured in the
WBC count.

blood samples were obtained from abdominal veins at the
same time as autopsy. A total complete blood cells (CBC)
were each analyzed for WBC count total CBC measured
®

WBC using an Advia 2120i (hematology system, Siemens,
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Computer-Assisted Semen Analysis (CASA) (Fig. 3)
Computer-Assisted Semen Analysis is a method of automatically or semi-automated Semen analysis using a
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Fig. 2. White blood cell count (WBC) (cells/uL) in mice 4 weeks after administration of Lonicera caerulea (250 mg/kg, 0.5 mL/day). HS

(Heat shock group), HB (Honey berry group), HB + HS (Honey berry + Heat shock group). (A) Neutrophil and Lymphocyte WBC. HS
groups significantly increased the number of neutrophils compared to the control group. The number of neutrophils increased due
to damage to the testicular tissue by thermal shock. In the case of the HB group, there was no significant difference when compared
with the control group, and there was a significant decrease when compared with the HS group. On the other hand, the HB + HS
group damaged testis and leukocyte DNA by heat shock, but the number of neutrophils increased due to the antioxidant effect of a
large amount of polyphenol contained in HB. Lymphocyte results showed no significant difference. (B) Monocyte, Eosinophil, and Basophil WBC, in the HB + HS group, the number of leukocytes appears to be increased due to the recovery response from heat shock.
but there was no significant difference in the results for Monocyte, Eosinophil, and Basophil. Value is mean ± SD of 4 mice group (SPSS,
Tukey HSD, n = 20), *p < 0.05 vs. the control group, ★p < 0.05 vs. the HB group.

computer. Most systems are based on image analysis, but

of standard solutions was prepared. First, the primary anti-

alternative methods exist, such as tracking sperm move-

body was added to the 96-well plate (not to control wells).

ment on a digitizing tablet. Analytical results are most often used to evaluate concentration, velocity and linear ve-

A 50 µL aliquot of standard solution or 40 µL sample was
added to the designated wells. Secondary antibody (labeled

locity, mobility. In this experiment, the number of sperm

with Streptavidin-HRP) was then added to the standard

in each group was measured and analyzed (Amann and

and sample wells. The plates were incubated at 37℃ for 60

Waberski, 2014).

min. Plates were washed, then chromogenic solutions (A,
B) were added under darkness and incubated for 10 min at

Western blot (Fig. 4)

37℃. Chromogenic and stop solutions were added only to

Quantitatively comparing the expression levels of 17be-

the control wells. Using an ELISA reader, the absorbance of

ta-HSD between groups, the degree of testicular damage

wells at 450 nm wavelengths was read after the stop solution

caused by heat stress was predicted and the protective

was added to the wells (Model State fax 2010). A standard

effect of honey berry from oxidative stress increased by

curve was extrapolated based on the readings from the stan-

heat stress was measured.

dard wells, and a linear regression equation was calculated.
Sample concentration levels were calculated based on the

Serum testosterone level (Fig. 5)

OD readings and the standard curve.

Blood specimens were collected from the abdominal vein
of anesthetized mouse and plasma was separated and stored

H&E staining (Fig. 6)

in -20℃ freezers for biochemical tests. Testosterone hor-

Staining was performed to visually compare the de-

mone level was measured by enzyme-linked immunosorbent

gree of damage to testicular tissue caused by heat stress.

assay (ELISA) according to the kit manufacturer’s instruction.

Formalin-fixed testis samples were fixed with 4% neutral

These kits use a double-antibody sandwich ELISA. A series

formaldehyde, dehydrated in ethanol, and then embedded
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Fig. 3. Computer-assisted sperm analyses (CASA) results of mouse sperm 4 weeks after administration of Lonicera caerulea (250 mg/

kg, 0.5 mL/day). CASA of epididymal sperm were collected from control group (C), Honey berry group (HB), Heat shock group (HS),
Honey berry + Heat shock group (HB + HS). Parameters analyzed included Path velocity (VAP), prog. Velocity (VSL), Track Speed
(VCL), Straightness (STR), Linearity (LIN), Sperm Count, Motility, Motile Cell. (STR = VSL/VAP). All values of the HB group were increased compared to the control group. On the other hand, the HS group showed a significant decrease in linearity and straightness
compared to the control group, and the two groups that received heat shock showed decreased sperm count and quality due to testicular damage. However, the HB + HS group recovered the testes due to the antioxidant effect of HB and increased the sperm quality and number. Compared to the HS group, the HB + HS group showed significant increases in sperm count, motile cell, and motility.
Value is mean ± SD of 4 mice group (SPSS, LSD, Dunnett T3, n = 20), *p < 0.05 vs. the control group, #p < 0.05 vs. the HB group.
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Fig. 5. Effects of Lonicera caerulea on serum testosterone lev-

els in Heat stress-treated male mice. Serum Testosterone Level
(ng/mL) in control group (C), Honey berry group (HB), Heat
shock group (HS), Honey berry + Heat shock group (HB + HS).
Compared to the control group, all groups showed similar levels
of serum testosterone, they were not significantly affected by
thermal shock. There are no significant differences. Values are
the mean ± SD of 4 mouse groups. (SPSS, LSD, Dunnett T3, n =
20).
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Fig. 4. Effects of Lonicera caerulea and heat stress-treated

male mice on Hsp70 expression in testis. The expression level
of Hsp70 was highest in the HS group compared to the control group, and the expression level of Hsp70 was increased in
the HB + HS group compared with the expression level of bactin. In addition, the HS group increased the amount of Hsp70
expression in order to protect the testicular tissue by heat
stress. Similarly, the HB + HS group also increased Hsp70, but
the testes were protected by HB, so the Hsp70 expression was
relatively low compared to the HS group. The HB group showed
a similar expression level to the control group. This means that
HB does not directly affect Hsp70. There are no significant differences. Values are the mean ± SD of 4 mouse groups (SPSS,
LSD, Dunnett T3, n = 20).

antioxidant effect of L. Caerulea and the recovery effect
on testicular damage caused by thermal shock.
First, in the weight measure, relative body weight was
decreased in the HS group compared to the control group,
and the HB group and HB + HS group increased. It was
confirmed that the HB + HS group significantly increased
body weight. This means that HB is not toxic in mice (Kim
et al., 2015). In addition, in the HS group, heat shock
damaged the testicles of mice, leading to overall weight
loss. On the other hand, the HB + HS group that received
heat shock like the HS group gained more weight. So, you

in paraffin. Then, all samples were cut to a thickness of 4

can see that HB has repaired the damage caused by ther-

μm. Then, the sections were deparaffinized, rehydrated,

mal shock.

and H&E stained.

In the relative organ weight, there was little difference
between each group for liver, and in the adrenal gland

DISCUSSION

weight results, compared to the control group, the HS
group showed a decrease in weight, and the HB + HS

When heat shock is applied to the testicles, ROS is

group showed an increase in weight. This can predict that

generated, and the antioxidant effect of cells is reduced,

the adrenal glands were also damaged as the hormone

resulting in a continuous increase in oxidative stress (Paul

levels were disrupted due to the damage to the testicles

et al., 2009). The increased oxidative stress induces germ

caused by heat shock, and it is an indicator that can indi-

cell transformation and eventually progresses to germ cell

rectly confirm that HB protects and recovers the testicles

apoptosis, which leads to sperm DNA destruction, tes-

from heat shock.

ticular tissue deformation, and infertility (Houston et al.,

There were no significant differences between groups

2018). Therefore, heat damage to the testicles is a very fa-

in the spleen, kidney, heart, lung and salivary gland re-

tal problem. Based on the previous results, we studied the

sults. This is because, in the case of the preceding organs,
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Fig. 6. H&E staining of testis tissue from heat-stress treated male mice. A (control), B (Honey berry), C (Heat shock), D (Honey berry
Heat shock), E (Honeyberry Heat shock ×400) (A) Normal testis (B) Normal sperm number is more than control in seminiferous
tubule lumen, continuous basement membrane and thick seminiferous tubule (C) Thickness of germinal epithelium is thin, internal
bleeding, lack of seminiferous tubule’s sperm, severe necrosis and degeneration of seminiferous tubule (D) Restore of seminiferous
tubule’s destruction, production of normal semen in the seminiferous tubule, continuous basement membrane, some of necrosis and
degeneration (E) Despite of internal bleeding, production of semen in seminiferous tubule, continuous basement membrane.

there is little or no damage from thermal shock as they do

phocyte, monocyte, eosinophil, and basophil were not

not directly affect sex hormones. On the other hand, in

significantly different from the control group. Therefore,

the case of testes, the weight increased in the HB group

it was confirmed that HB had insignificant effect on im-

and HB + HS group compared to the control group. The

mune cells.

reason for the increase in testicular weight seems to be

In the CASA results, the sperm count value was in-

that the testicles were strengthened by the antioxidant

creased in the HB group compared to the control. Howev-

effect of HB and a lot of vitamins. It was confirmed that

er, there is no significant difference. In the HS group and

the weight of the HS group was reduced compared to the

HB + HS group, it was found that the decrease was due to

control group by thermal shock.

thermal shock (Sailer et al., 1997; Houston et al., 2018). In

In the neutrophil results of WBC differential count, it

addition, compared to the HS group, the HB + HS group

was confirmed that the HS group significantly increased

significantly increased the sperm count, indicating that

the number of neutrophils than the control group (Oehler

the testicular damage caused by thermal shock was re-

et al., 2001). Thermal shock is applied to the testicular

paired. It can be confirmed that the results of motility and

tissue, and the number of neutrophils increases due to

motile cells were significantly increased in the HB + HS

tissue damage and bleeding. In addition, the neutrophil

group compared to the HS group.

results of the HB group and HB + HS group were signifi-

In the values of LIN and STR, the HS group significantly

cantly decreased compared to the HS group, and there

decreased compared to the control group, and it was

was no significant difference with the control group. Lym-

confirmed that the thermal shock caused serious damage
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to the testicles. The results of VAP, VCL, and VSL showed

action against heat shock-induced testicular damage.

similar results in all groups, and there was no significant
difference.

CONCLUSION

Hsp70 protects cells from heat and oxidative stress.
The HS group had the highest expression of Hsp70 in

Infertility problems among young men are increasing

the Western blot results (Baek et al., 2019; Shen et al.,

worldwide. There are many causes of infertility, but the

2019). Although the expression level of β-actin was high,
the expression level of Hsp70 was increased compared to

most common is direct exposure of the testicles to heat.

β-actin in the HB + HS group. This means that, despite
the antioxidant effect of HB, the increase in Hsp70 of the

and continuously forms ROS to generate oxidative stress,

HB + HS group means that HB does not directly affect

damage leads to histological changes in the testes, dam-

Hsp70.

age to sperm DNA, and potential infertility. In order to

Thermal shock generates thermal stress in the testicles
which continuously damages the testicles. Prolonged

In the serum testosterone level results, all groups showed

solve the serious problem of testicular damage caused by

lower result values than the control group, but there

heat stress, many methods for protecting and repairing

was no significant difference. In addition, there was no

the testicles are being studied. However, previous studies

concentration-dependent result on the expression levels

did not effectively repair the testicular damage caused by

of Hsp70 (Salmani et al., 2020). In the HB + HS group, HB

thermal shock. Therefore, the purpose of this study was

protects the testes from heat shock and maintains testos-

to protect and restore the testicles by oral administration

terone levels but does not directly affect hormones like

of HB after exposing the testes to heat stress to prove the

Hsp70.

antioxidant effect of L. Caerulea Efficacy has been prov-

In H&E staining analysis, the control group showed nor-

en. Through the previous results, in the case of the HB +

mal testicular tissue shape. In the HB group, the number

HS group that received heat shock like the HS group, the

of sperms observed in the seminiferous tubule lumen was

weight and testicular tissue weight loss were overcome,

higher than in the control group, which is consistent with

and the weight increased. In addition, despite the testicu-

the CASA sperm count result. In addition, the seminifer-

lar tissue damage caused by heat stroke, the CASA results

ous tubule and basement membrane are more continu-

showed that all sperm count, motility, and motile cell lev-

ous than the control group, and the germinal epithelium

els were significantly increased compared to the HS group

is thicker. In the HS group, the germinal epithelium was

due to the antioxidant effect of HB. As supporting the

thin, with unclear boundaries, and internal hemorrhage

analysis of the weight measure and CASA results, the HB +

was observed. In addition, decreased sperm count, tubu-

HS group was not significantly different from the control

lar necrosis, and degeneration were observed in the semi-

group as the testicular tissue was protected by the anti-

niferous tubule lumen, supporting evidence for decreased

oxidant effect of HB despite the heat shock in the WBC

testicular weight and decreased CASA values compared to

count results, and the H&E results showed no significant

the control group. In the HB + HS group, recovery of de-

difference. Compared with the HS group, the testicular

stroyed seminiferous tubules and normal spermatogenesis

tissue of the HB + HS group was recovering like that of

were observed in seminiferous tubules, and most recovered from thermal shock except for some seminiferous

the control group. In the results of 17β-HSD, Hsp70 and
serum testosterone, there was no significant difference in

tubules (Akintayo et al., 2020; Thanh et al., 2020). The

the results of all groups. This means that HB has no effect

results confirmed that HB effectively restores and protects

on hormones. Results of Hsp70 and serum testosterone

the testicles against thermal shock.

protected the testis from heat stress without affecting hor-

As a result, it has been demonstrated that HB protects

monal effects on the efficacy of HB. Nevertheless, there

and recovers the testes from oxidative stress and thermal
stress against thermal shock both body weight and his-

were some shortcomings in the experiment. 17β-HSD and
SOD2 explain the correlation between Hsp70 and tes-

tology. Also, HB has no direct effect on hormones. This

tosterone. However, in this study, experiments were not

indicates that HB does not act as an endocrine disruptor.

conducted on both enzymes. Therefore, we intend to con-

Therefore, HB has an effective preventive and antioxidant

firm and supplement the expression level of the enzyme
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through the next study. In conclusion, our study showed
that HB effectively protects and repairs damaged testicles
using antioxidant effects against heat stress-induced testicular tissue damage.
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