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Background: Icariin, a traditional Chinese medicine, plays a protective role in the
treatment of exercise fatigue. Zinc, a trace element, plays an important role in the
reproductive system. Therefore, we aimed to synthesize an Icariin-Zinc complex (by
chemical means) and verify its protective effect on exercise fatigue and the
reproductive system using animal experiments.

Methods: The icariin-zinc complex was prepared by the reaction of icariin carbonyl and
zinc ions (molar ratio 1:3). The molecular formula and structural formula of the complex
were identified and tested. Fifty-six rats selected by swimming training were randomly
divided into six groups: static control, exercise control, icariin, gluconate zinc (G-Zn group),
icariin glucose zinc and icariin-zinc exercise ( low, high dose/L-E group, H-E group) groups.
These groups respectively received the following doses: 1 ml/100 g, daily gavage with NS
(for the first two groups), 45 mg/kg icariin, 110mg/kg Gluconate Zinc, Icariin glucose zinc
(45 mg/kg Icariin and 110mg/kg Gluconate Zinc), 60 mg/kg icariin zinc and 180mg/kg
icariin zinc. After 3 weeks of gavage, we conducted 6 weeks of exhaustive swimming
training. Test indices such as exhaustive swimming time of rats and body weight were
evaluated after the last training exercise. The seminal vesicles, testes, and prostate gland
were weighed, and their indices were calculated. The levels of testosterone (in the plasma)
and glycogen (in the liver and muscle homogenates) were also evaluated using ELISA.

Results:Compared with the static control group, the exhaustive swimming time of the rats
in each group was prolonged. Compared with the other groups, the exhaustive swimming
time of the L-E and H-E groups was significantly longer (p < 0.01); the Icariin-Zinc complex
significantly increased the exhaustive swimming time of the rats. Compared with the static
control group, the plasma testosterone content of the L-E and H-E groups increased
significantly (p < 0.05). Compared with the exercise control group and G-Zn group, the
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plasma testosterone content of the H-E group also increased significantly (p < 0.01). The
Icariin-Zinc complex significantly increased the serum levels of testosterone in rats.
Compared with the control group, the muscle glycogen reserves of each group
decreased, indicating that the muscle glycogen reserves of the rats decreased after
swimming. Compared with other groups, the Icariin-Zinc complex can reduce the level of
glycogen in the muscles, indicating that it can increase the utilization efficiency of glycogen
in muscles. Compared with the static control and exercise control groups, the testicular
weight of rats in the administration groups increased slightly. The Icariin-Zinc complex
increased the testicular weight, indicating that the function of the reproductive system was
improved to some extent.

Conclusion: Icariin-Zinc can significantly prolong the exhaustive swimming time, improve
exercise ability, and increase the plasma testosterone level (which is beneficial for
improving the reproductive ability of male rats). Moreover, the beneficial effect of
Icariin-Zinc on the glycogen content, testis index, and other reproductive system
glands is dose-dependent.

Keywords: icariin-zinc, synthesis, protective effect, exercise fatigue, reproductive system

BACKGROUND

Fatigue is a complex physiological and pathological that seriously
affects human health. Epimedium is a perennial herb belonging to
the family Berberidaceae. It has been used for thousands of years
to promote male potency. Traditional Chinese medicines are
believed to help in tonifying the kidneys and invigorating the
Yang, and they have been used to treat impotence, premature
ejaculation, lumbago and leg pain, neurasthenia, forgetfulness,
and other diseases. Icariin (ICA) is the main active component
extracted from Herba Epimedii (herbal medicine made from
dried aerial parts of Epimedium). ICA has many functions
such as neuroprotection, antitumoral activity, antioxidative
activities, immunomodulation, and promotion of reproductive
functions (especially in male mice). It has become a research
hotspot at home and abroad (Liu et al., 2004; Tan et al., 2016).

Many in vivo studies have shown the beneficial effect of ICA
on reproductive functions (Kang et al., 2012; Chen et al., 2014).
ICA increases the epididymal sperm count and testosterone level
in male rats (Chen et al., 2014). Mechanistically, the improved
sexual function of male mice mediated by ICA might be
associated with the hypothalamic-pituitary-gonadal axis and
the PI3K/AKT/eNOS/NO signaling pathway (Ding et al.,
2017). In addition, ICA could protect human sperm from
being damaged by FeSO4/H2O2 (Zhan et al., 2014). It can
maintain the “Raman fingerprint” of human sperm, suggesting
that ICAmay serve as a tonifying and replenishing agent of herbal
origin that enhances reproductive functions. These show that
ICA can promote the function of human and animal reproductive
systems and provide a basis for animal experiments.

Zinc is a component of more than 300 types of metal enzymes
in the human body (Hennigar and Kelleher, 2012). Zinc is
reported to be an essential element for the normal function of
the male reproductive system and sperm. It plays an important
role in the production, storage, secretion, and function of male

sex hormones (Chu et al., 2016). Studies have shown that there is
a relationship between sexual dysfunction and physical fatigue
(Young et al., 2017; Fairbanks et al., 2017).

Based on the protective effect of Icariin and Zinc on the
reproductive system, we hypothesized that an Icariin-Zinc
combination might have a synergistic protective effect on the
reproductive system and exercise fatigue.

METHODS

Experimental Animals and Drugs
All procedures were performed in accordance with the NIH
guidelines for the Care and Use of Laboratory Animals (NIH
Publications No. 80–23, revised 1996), and the research protocol
was approved by the Ethics Committee of Tianjin University of
Traditional Chinese Medicine (TCM-LAEC2019069). Sixty-six
Wistar male rats weighing 200–220 g were obtained from the
Academy of Military Medical Science in Beijing and housed in
special cages in a specific-pathogen-free (SPF) environment,
allowing free movement and ad libitum access to food and
drink. Icariin (purity ≥ 98%, Lot No. 181209, Shanghai Mochi
Biotechnology Co., Ltd.), zinc chloride (GR, lot No. G1820107,
Shanghai Alading Biochemical Technology Co., Ltd.), zinc
reagent (AR, H08F9S54539, Shanghai Yuanye Biotechnology
Co., Ltd.), distilled water, anhydrous ethanol (Shandong
lierkang Medical Technology Co., Ltd.), 75% ethanol
(Shandong lierkang Medical Technology Co., Ltd.), and 0.9%
sodium chloride (NS, batch number 19012523, China Otsuka
Pharmaceutical Co., Ltd.) were the main chemicals used in the
experiment.

Experimental Instruments
The main instruments used in the experiment were a constant
temperature magnetic stirrer (78HW-1, Hangzhou instrument and
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motor company), a rotary vaporizer (re-2000e, Gongyi Yuhua
Instrument Co., Ltd.), a circulating water multi-purpose vacuum
pump (SHB-3, Gongyi Yuhua Instrument Co., Ltd.), an electronic
analysis balance (BS210s, Beijing Saiduolis Balance Co., Ltd.), mobile
phone timer (COR-Al10, honor), swimming sink (L×W×H�100 ×
50 × 60 cm), and a water pump (Jiabao “AP1500” type).

Preparation and Detection of the
Icariin-Zinc Complex
Preparation and Extraction of Icariin-Zinc
Three thousand milligrams of icariin and 1200 mg of zinc
chloride were mixed (presumably the molar ratio of icariin to
zinc chloride is 2:1 or 1:1 in theory). To make icariin fully react, 1:
2.5 mixture ratio was selected and dissolved in 500 ml (volume
fraction is 45%) of ethanol solution, and a constant temperature
magnetic stirrer was used (the parameters were set at 400 rpm,
70°C [range 60–80°C] oil bath) to stir the mixture for at least 24 h.
The reacting solution was then placed in a water bath at 45°C. The
final icariin-zinc product was obtained by centrifugation and was
repeatedly washed with pure water to remove unreacted icariin.

Preparation of the Zinc Reagent Solution
Zinc reagent (0.1mg) was weighed and dissolved in 125ml anhydrous
ethanol. After it had completely dissolved, it was stored in a brownbottle.

Identification of Compounds (Colorimetry)
The reaction between the zinc reagent solution and zinc ionwas used
for identification. The reactant (that is, final icariin-zinc product)
was completely dissolved in anhydrous ethanol after the last
washing. Adding the zinc reagent solution to it turned the color
of the mixture blue; meanwhile, adding the zinc reagent solution to
the last washing solution did not change its color to blue. As such, it
could be concluded that the reactant was the icariin-zinc complex
and that there was no zinc chloride residue in the reactant.

Molecular Formula and Structural Formula
of the Icariin-Zinc Complex
Sample Pretreatment
A 0.05-g sample of the compound was placed in a microwave
digestion tank made up of polytetrafluorethylene. The sample was
soaked for 2 h in mixture of 6 ml of nitric acid and 1ml of hydrogen
peroxide. Subsequently, it was digested for 20min at 190°C. Acid
removal, constant volume to 100ml. This needs to be determined.
ICP-OES on-linemeasurement: A VISTA-MPX inductively coupled

plasma spectrometer (Varian Company, United States), referred to
as ICP-OES was used to determine the formula (see Table 1).

The measured wavelength was 213 nm. The average of three
results were taken.

The Zn2+ content was 4.6%. Combining the structural formula
and molecular weight of icariin, we found that icariin and Zn are
2-coordinated (that is, two carbonyls (C�O) and one Zn2+

coordinate). The molecular formula is (C33H40015)2Zn
2+, with

a relative molecular weight of 1417 (Figure 1).

Experimental Groups
After 3 days of adaptive feeding and 3 days of swimming training
(the rats were trained 20 min/d), the rats were randomly divided
into 7 groups with 8 rats in each group. Each group received a
basic feeding and distilled water, and was fed freely every day.
Each group was treated with different doses of 1 ml/100 g by
gavage for 3 weeks (see Table 2, Experimental grouping and
intervention).

Anti-Fatigue Experimental Method (Surhio
et al., 2017)
The control group did not undergo any training. In the other groups,
a swimming trough of 100 × 50 × 60 cm was used as the swimming
training device for the rats, and the water depthwas set at 50 cm. The
water temperature was 31 ± 2°C, and a water pump was installed at
the bottom of the water tank to cause the water to flow (the aim was
to prevent rats from floating on the water surface). Swimming
training to exhaustion was performed every week for a total of
6 weeks. The parameters were changed every week. The first week,
the rats exercised without weight, the second week with 2% weight,
the third week with 4% weight, and the fourth to the sixth week with
5% weight. Each time, the swimming training was performed to
exhaustion. The last time, all groups performed exhaustion
swimming training without weight, and the time of swimming
before exhaustion was measured. The time from the beginning of
swimming to exhaustion which is a measure of the exhaustion
exercise ability, was used as an index of anti-exercise fatigue ability.
The standard used to determine exhaustion was the inability of the
rats to show up on the water surface 10 seconds after sinking.

Test Indices and Methods of Measurement
(Xi et al., 2018)
Each group was weighed 24 h after the last training. Blood
samples were taken from the inner canthi of the rats and

TABLE 1 | ICP-OES Instrument Operating Conditions.

Working Parameters Setting Conditions Working Parameters Setting Conditions

Power 1200 W Reading stability delay 10 s
Cooling gas (AR) flow 15.0 L/min Injection stability delay 20 s
Auxiliary gas (AR) flow 1.5 L/min Pump speed 15 rpm
Atomizing gas (AR) pressure 200 kPa Cleaning time 310 s
Observation height 10 mm Number of readings 3times
Reading time 10 s
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sodium citrate solution added to prevent coagulation. The
samples were incubated in a 37°C water bath for 30 min,
centrifuged at 3000 R/min for 10 min, and plasma was
separated. The plasma testosterone levels were measured.

All rats were administered with an overdose of 2,2,2-
tribromoethanol (640 mg/kg, intraperitoneal injection) for
anesthesia. The seminal vesicles, testes, prostate, liver, and the
deep quadriceps femoris muscles (without the fascia) were
removed. These organs were washed in precooled normal
saline to remove the blood stains, dried with filter paper, and
stored in a refrigerator at −20°C. The seminal vesicle, testis, and
prostate glands were weighed, and their indices (the ratio of
seminal vesicle gland, testis, and prostate gland weights to body
weight) were calculated.

To prepare the liver and muscle tissue homogenate,
appropriate amounts of tissues (0.2−1 g) and precooled
normal saline (NS) were added into a beaker in a tissue mass
(g) to liquid volume (ml) homogenate medium proportion of 1/
9. The tissue was then quickly cut into pieces (the above
operations were carried out in an iced water bath). The
supernatant was separated and extracted by centrifugation at
4°C, 3000 rpm for 15 min and then refrigerated at 4°C or frozen
at −20°C for standard. The supernatant was used to measure the

glycogen content of the liver or muscle homogenate.The
remaining mice were killed (anesthetized and euthanized in a
CO2 chamber).

RESULTS

Observation of the Feeding and Swimming
Behavior
The rats in each group were fed for 6 weeks. At the third week, the
rats in each group were more excited, the amount of activity in the
cages increased, the fighting phenomenon appeared, the number
of squeaks increased, their voices became louder, and they
struggled more strongly when grasped and during weighing.
The amount of food and drinking water given to the icariin-
zinc group and the exercise control group was slightly more than
that in the static control group. The swimming abilities of the rats
in each group were observed, and the rats in the icariin-zinc
group were found to be more active, to jump out of the water and
squeak more frequently, and their relative swimming distances
were longer.

Effect of Icariin-Zinc on BodyWeight of Rats
Before the beginning of the experiment, the average body weight
of the rats in each group was approximately 250 g. After
continuous feeding for 3 weeks, the average body weight of
rats increased steadily to approximately 320 g, and there was
no significant difference in body weight between the three groups.
After 6 weeks of weight-bearing swimming training, the body
weight was taken before the last exhaustive swimming. The
average body weight of the static control group had increased
by about 4% meanwhile that of the exercise control group had
reduced. After the administration of the different concentrations
of icariin-zinc, the average body weight of rats in the L-E and H-E
groups decreased compared with the exercise control group
(Figure 2).

FIGURE 1 | Chemical Synthesis Route of the Icariin-Zinc complex.

TABLE 2 | Experimental grouping and intervention.

Grouping Intervention measures

Control group Normal saline
Exercise group Normal saline
Icariin group 45 mg/kg Icariin
G-Zn group 110 mg/kg Gluconate Zinc
Icariin glucose zinc 45 mg/kg Icariin, 110 mg/kg Gluconate Zinc
Low dose Icariin zinc exercise
group (L-E group)

60 mg/kg Icariin zinc

High dose Icariin zinc exercise
group (H-E group)

180 mg/kg Icariin zinc
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The Effect of Icariin-Zinc on Anti-Fatigue in
Rats
Compared with the static control, the exhaustive swimming time of
rats in each group was prolonged. After administration of the
icariin-zinc, the exhaustive swimming times of the L-E and H-E
groups were significantly prolonged (p <0.01), just as that of the
ICA group (Figure 3). It is suggested that icariin-zinc has the same
function as ICA in improving the exercise ability of rats. The
swimming abilities of rats in each groupwere observed, and the rats
in the icariin-zinc group were more active, jumped out of the water
more frequently during swimming, had a longer relative swimming
distance, and had a more prolonged exhaustive swimming time.
These showed that the physical functional reserves of the rats were
better and their exercise ability was enhanced.

The Effect of Exercise and Icariin-Zinc on
Glycogen Storage in the Liver andMuscle of
Rats
The content of liver glycogen was the same in all the groups but for
the H-E group there was an increasing trend (Figure 4). Compared

with the control group, the muscle glycogen reserves of each group
decreased after swimming (Figure 5). A comparative evaluation
showed that icariin-zinc had no significant effect on liver glycogen
and muscle glycogen storage in rats.

There was no significant difference between the testicular weights
of the different groups when compared with the control (Figure 6).
Hematoxylin and eosin (HE) staining showed normal morphologies
of Leydig and Sertoli cells, continuous and complete membrane of
the seminiferous tubules, and a regular arrangement of germ cells.
These findings suggest that icariin-zinc does not affect testes
histopathology (Figure 7).

The Effect of Icariin-Zinc on the Testicular
Weight and Index of Rats
Compared with the static control group and exercise control
group, the testicular index of rats in the treatment group
increased slightly (Figure 8). Testicular index � testis/weight x

FIGURE 2 | Effect of icariin-zinc on bodyweight of rats (n � 8,mean ± SD).

FIGURE 3 | Effect of icariin-zinc on anti-fatigue of rats (n � 8, mean ± SD).
*p ＜ 0.01, ***p ＜ 0.001 vs. Control；#p ＜ 0.05 vs. Exercise.

FIGURE 4 | Effect of icariin-zinc on liver glycogen level in rats (n � 8,
mean ± SD).

FIGURE 5 | Effect of icariin-zinc on muscle glycogen level in rats (n � 8,
mean ± SD).
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1000. Testicular index measurement helps to eliminate the
influence of animal weight, and can be used to evaluate the
function of the rat’s reproductive system. The results showed that
after intragastric administration of ICA, G-Zn, icariin glucose,
zinc, and icariin-zinc, the testicular index increased, indicating
that icariin-zinc could improve reproductive function in
male rats.

The Effect of Exercise and Icariin-Zinc on
the Weights of the Seminal Vesicle and
Prostate Gland in Rats
Compared with the exercise control group, the average weight
of the seminal vesicles of rats in the L-E group increased

significantly, indicating that the sperm reserve of the rats in
the L-E group was larger. This phenomenon was not observed
in the HE group (Figure 9). However, icariin-zinc had no
significant effect on prostate weight in rats (Figure 10).

The Effect of Exercise and Icariin-Zinc on
the Plasma Testosterone Level in Rats
The concentration of testosterone in the plasma of rats was
measured by ELISA, and the standard curve was obtained with
good correlation (r � 0.9985) (Figure 11). Compared with the
static control group, the plasma testosterone content of the L-E and
H-E groups increased significantly (p< 0.05). Compared with the
exercise control group and G-Zn group, the plasma testosterone
content of theH-E group also increased significantly (p< 0.01). The
above experimental results show that icariin-zinc can significantly

FIGURE 6 | Effect of icariin-zinc on testis weight in rats (n � 8,
mean ± SD).

FIGURE 7 | HE staining of testes in rats (200x).

FIGURE 8 | Effect of icariin-zinc on testicular index of rats (n � 8,
mean ± SD).
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improve the plasma testosterone level in rats, largely than icariin
alone and zinc agents such as zinc gluconate (Figure 12).

DISCUSSION

Icariin is the main extract and active component of the
herbaceous plant epimedium which among others, plays a role
in tonifying the kidney, strengthening the yang, and slowing
down aging. Longh et al. (2018) found that icariin improved
erectile function of SHR (Long et al., 2018). Zinc is a part of the
structural composition of many proteins. It helps in the recovery
of the nervous system. Zinc also plays an important biological role
in male reproductive physiology and endocrine system (Santos
and Teixeira, 2019). In this study, icariin and zinc were combined

to produce a synergistic effect. Icariin-zinc was prepared by
chemical synthesis. It was formed by the combination of two
molecules of icariin with one molecule of divalent zinc ion
through ionic and coordination bonds (Figure 13). The
hydroxyl group provides an electron pair and forms a
coordination bond with zinc, giving the compound a good
chemical stability. After chemical synthesis, the structure of
each particle is the same, uniform, and easy to absorb.
Physical mixing has different rules, and makes it difficult to
achieve a uniform mixing proportion thus impacting the
experimental data. Through the study of its effects on body
weight, exercise exhaustive time, testicular and seminal vesicle
weight, and glycogen storage, we were able to put into evidence
preliminary improvements in anti-fatigue and sexual function
in rats.

Body weight is an important indicator of the skeletal, muscular,
and functional states, and overall development of the body. A
change in body weight can reflect the adaptation of the body to
sports training and the degree of its influence on the body. It is one
of the most important indicators of animal growth and nutritional

FIGURE 9 | Effect of icariin-zinc on the weight of the seminal vesicle
weight in rats (n � 8, mean ± SD).

FIGURE 10 | Effect of icariin zinc on the weight of the prostate gland in
rats (n � 8, mean ± SD).

FIGURE 11 | Testosterone standard curve.

FIGURE 12 | Effect of exercise and icariin-zinc on the plasma
testosterone content of rats (n � 8, mean ± SD). *p < 0.05 vs. Control;
#p < 0.05, ##p < 0.01 vs. exercise; &p < 0.05, &&p < 0.01 vs. G-Zn.
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state. Our results showed that there was no significant difference
between the body weights of the rats in the different groups during
the first three weeks. It was considered that the normal
development of the body weight had occurred. At the end of
the 6th week, the body weight of rats in the L-E and H-E groups
decreased, which was due to the increase in excitability and activity.
In the process of feeding, the rats in the icariin-zinc group began to
show hyperactivities (increased activity, fighting, and frequent
squeaking) compared with the exercise control group and the
static control group during the third week. This indicates that
icariin-zinc can improve the excitability and exercise ability ofmale
rats. The rats’ body weight change, and daily amounts of food and
water consumed were similar in both the icariin-zinc and exercise
control groups. The change in body weight was slightly higher in
the control group. This was because the compound promotes the
development of the body, increases the basal metabolic rate,
appetite, and amount of exercise.

Exercise fatigue is the physiological decline in working ability,
activity ability, and range of activity after a strenuous exercise
(Narkhede et al., 2016; Górski et al., 2017). The recovery time of
exercise fatigue is relatively long and this has an impact on human
life and work. Exercise exhaustive time is an important sign
reflecting the body’s exercise ability. It can be used as an index to
measure the anti-exercise fatigue ability of animals.

The exhaustion training resulted in the maintenance of the
rats in both the icariin-zinc and exercise control groups in a state
of exercise fatigue, and so, the exercise function could not be
effectively recovered. Theoretically, in a short period of time, the
exhaustion time would be shorter than that of the control group.
The results of the anti-fatigue experiment showed that the
exhaustive swimming time of rats in the exercise control
group was shortened as expected. However, after the
administration of icariin-zinc, the exhaustive swimming time
of the L-E group was prolonged. Considering the hyperexcited
state of the H-E group, the rats in the exercise control group

struggled more violently during the exhaustion swimming
training, jumped out of the water more frequently incurring
great energy losses, and failed to rest for a long period of
time. Because they could not store enough energy for
exhaustive training, the both H-E and L-E groups exhaustive
times were not prolonged. Our results showed that the
concentration of the icariin-zinc was very important, and high
concentrations would cause high excitability, which was not
conducive for physical recovery. Low concentration can
enhance the anti-exercise fatigue abilities, a consequence of the
improvement of the exercise level in skeletal muscles.

Glycogen is a form of energy storage in organisms. Glycogen in
the skeletal muscle is an important form of energy storage. In long-
term aerobic exercise, muscle glycogen consumption often occurs
and is related to the inability to maintain muscle contractility (Britto
et al., 2018). In long-term and high-intensity sports, the storage of
muscle glycogen before exercise determines the time of exhaustion,
which directly affects endurance training and competition. The
importance of glycogen in exercise ability is reflected in endurance
exercise. During exercise, glycogen decomposition is accelerated, and
glucose is released into blood by the liver to maintain blood glucose
balance. Our results showed that after swimming, the glycogen
reserves in the liver and muscle of rats in the exercise control
group decreased to the lowest level. However, the glycogen
reserves increased in each group after the administration of
different concentrations of icariin-zinc, especially in the H-E group.

These results indicate that icariin-zinc can promote glycogen
synthesis in rats undergoing training. The possible mechanism is
that icariin-zinc can enhance the oxidation and absorption of glucose,
thus promoting the synthesis of muscle glycogen and liver glycogen.

The testis is a male internal reproductive organ and plays a role
in the development of male secondary sexual characteristics and
physiological function. The seminal vesicle is an important
accessory gland of men, and is involved in the process of
semen accumulation and release. Seminal vesicle secretion
accounts for about 50–80% of the volume of semen, and thus
closely influences the quality and quantity of sperm (Zhao et al.,
2019). Our results showed that the testicular weights and indices
of the L-E and H-E groups were increased. This could be because
icariin-zinc promotes testicular development and spermatogenesis.
We found that, compared with other administration groups, the
weight of the seminal vesicle of rats in the L-E group increased
significantly. This was probably due to the increase in seminal
vesicle secretion caused by Icariin-Zinc.

Testosterone is one of the main components of androgen. It
promotes spermatogenesis, stimulates the growth and
development of reproductive organs, maintains normal sexual
desire, and promote protein synthesis. From this experiment, we
found that icariin-zinc can significantly improve the plasma
testosterone level of rats, and this effect is significantly better
than when icariin and zinc agents, such as zinc gluconate, are
administered separately. It is suggested that ICA can promote the
secretion of testosterone. ICA is a flavonoid that can protect the
synthesis of testosterone in mouse Leydig cells (by the effects of 2-
ethylhexyl phthalate). It protects mouse testes from the damage
induced by DEHP by blocking ROS and promoting the secretion
of testosterone (Sun et al., 2019). It can be concluded that icariin-

FIGURE 13 | Molecular structure of Icariin-Zinc.
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zinc may promote testosterone secretion by protecting rat
testicular cells from damage.

To sum up, sports fatigue and men’s health problems are of
great concern, and they often affect each other. Male sexual
dysfunction can cause other functional abnormalities in the
body and thus, influence mental and physical health. Hence, it
is a problem that requires an urgent solution. Therefore, it will be
of great significance if a fast and effective drug that improves anti-
fatigue and sexual abilities was found. Based on the behavior of
animals in this study, and the analyses of specific experimental
data, we believe that the combination of icariin and zinc ion can
improve the motor and anti-fatigue abilities of male rats (through
the improvement of the functions of skeletal muscles and joint).
In addition, it can promote the index and function of the glands of
the reproductive system (especially increase in testicular and
seminal vesicle weights, increase the glycogen reserve in rats,
and improve exercise ability). The mechanisms of action may be
related to zinc induced oxidative stress mechanism, or
improvement of sexual function by the regulation of the
hypothalamic pituitary gonadal axis and the PI3K/Akt/eNOS/
NO signal pathway by ICA (Ding et al., 2018). In the future, these
mechanisms will be further studied in terms of enhancing
testicular function, including steroid production, sperm count,
sperm motility, and spermatogenesis in male rats. Therefore, the
preparation and application of icariin-zinc provides a new idea to
explore for increasing anti-fatigue ability, enhancing exercise
ability, and solving male reproductive health problems.

CONCLUSION

In this experiment, icariin-zinc was successfully prepared, and the
reaction rate was positively related to the reaction temperature,
reactant concentration, and reaction time. An appropriate amount
of icariin-zinc compounds can promote development in male rats,
improve their excitability, promote their recovery from the fatigue
state, and enhance their anti-fatigue ability.

Icariin-zinc can significantly prolong the exhaustive
swimming time, improve the exercise ability, and increase the
content of testosterone in the plasma of male rats. However, there
was no significant effect on glycogen content, testicular index, and
other reproductive glands (such as the prostate gland and seminal
vesicle). Moreover, icariin-zinc was better than zinc gluconate in

prolonging exhaustive swimming time, and increasing plasma
testosterone content. Compared with icariin, the effect of high-
dose zinc is more significant. It is suggested that in the application
of the icariin-zinc complex, the dosage should be strictly
controlled to obtain the best drug effect without affecting the
reproductive system organs.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The animal study was reviewed and approved by the Ethics
Committee of Tianjin University of Traditional Chinese
Medicine (TCM-LAEC2019069).

AUTHOR CONTRIBUTIONS

JZ, DM designed the research associated with the project, QJ,LX
performed the acquisition and analysis in the experiment. MS and
CZ, AF performed acquisition, analysis and interpretation of
data. HY interpreted the data. CC,DL drafted the work and
revised it. All authors have read and approved the submitted
version of manuscript. And all authors have agreed their
contributions in the manuscript.

FUNDING

This work was supported by National Natural Science
Foundation of China (51573137, 82074470, 81873316).

ACKNOWLEDGMENTS

We thank Professor Guanwei Fan for technical assistance in the
research and manuscript preparation.

REFERENCES

Britto, F. A., Cortade, F., Belloum, Y., Blaquière, M., Gallot, Y. S., Docquier, A., et al.
(2018). Glucocorticoid-dependent REDD1 Expression Reduces Muscle
Metabolism to Enable Adaptation under Energetic stress. BMC Biol. 16 (1),
65. doi:10.1186/s12915-018-0525-4

Chen, M., Hao, J., Yang, Q., and Li, G. (2014). Effects of Icariin on Reproductive
Functions in Male Rats. Molecules 19, 9502–9514. doi:10.3390/
molecules19079502

Chu, Q., Chi, Z.-H., Zhang, X., Liang, D., Wang, X., Zhao, Y., et al. (2016). A
Potential Role for Zinc Transporter 7 in Testosterone Synthesis in Mouse
Leydig Tumor cells. Int. J. Mol. Med. 37 (6), 1619–1626. doi:10.3892/ijmm.
2016.2576

Ding, J., Tang, Y., Tang, Z., Zu, X., Qi, L., Zhang, X., et al. (2018). Icariin Improves
the Sexual Function of Male Mice through the PI3K/AKT/eNOS/NO Signalling
Pathway. Andrologia. 50 (1), e12802. doi:10.1111/and.12802

Fairbanks, F., Andres, M. P., Caldeira, P., Abdo, C., and Podgaec, S. (2017). Sexual
Function, Anxiety and Depression in Women with Benign Breast Disease. A
Case-Control Study. Rev. Assoc. Med. Bras. 63, 876–882. doi:10.1590/1806-
9282.63.10.876

Górski, W., Mokros, Ł., Kumor-Kisielewska, A., Pietras, T., and Piotrowski, W. J.
(2017). The Utility of Selected Questionnaires in the Assessment of Fatigue,
Depression and Health Quality in post-sarcoidosis Fatigue Syndrome. Adv.
Respir. Med. 85 (6), 313–321. doi:10.5603/arm.2017.0054

Hennigar, S. R., and Kelleher, S. L. (2012). Zinc Networks: the Cell-specific
Compartmentalization of Zinc for Specialized Functions. Biol. Chem. 393,
565–578. doi:10.1515/hsz-2012-0128

Frontiers in Pharmacology | www.frontiersin.org June 2021 | Volume 12 | Article 6117229

Zhang et al. Icariin-Zinc Protects Reproductive System

https://doi.org/10.1186/s12915-018-0525-4
https://doi.org/10.3390/molecules19079502
https://doi.org/10.3390/molecules19079502
https://doi.org/10.3892/ijmm.2016.2576
https://doi.org/10.3892/ijmm.2016.2576
https://doi.org/10.1111/and.12802
https://doi.org/10.1590/1806-9282.63.10.876
https://doi.org/10.1590/1806-9282.63.10.876
https://doi.org/10.5603/arm.2017.0054
https://doi.org/10.1515/hsz-2012-0128
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Kang, H. K., Choi, Y.-H., Kwon, H., Lee, S.-B., Kim, D.-H., Sung, C. K., et al. (2012).
Estrogenic/antiestrogenic Activities of a Epimedium Koreanum Extract and its
Major Components: In Vitro and In Vivo Studies. Food Chem. Toxicol. 50,
2751–2759. doi:10.1016/j.fct.2012.05.017

Liu, Z. Q., Luo, X. Y., Sun, Y. X., Wu, W., Liu, C. M., Liu, Z. Q., et al. (2004). The
Antioxidative Effect of Icariin in Human Erythrocytes against Free-Radical-Induced
Haemolysis. J. Pharm. Pharmacol. 56 (12), 1557–1562. doi:10.1211/0022357044869

Long, H., Jiang, J., Xia, J., and Jiang, R. (2018). Icariin Improves SHR Erectile
Function via Inhibiting eNOS Uncoupling. Andrologia 50 (9), e13084. doi:10.
1111/and.13084

Narkhede, A. N., Jagtap, S. D., Nirmal, P. S., Giramkar, S. A., Nagarkar, B. E.,
Kulkarni, O. P., et al. (2016). Anti-fatigue Effect of Amarkand on Endurance
Exercise Capacity in Rats. BMC Complement. Altern. Med. 16, 23. doi:10.1186/
s12906-016-0995-2

Santos, H. O., and Teixeira, F. J. (2019). Use of Medicinal Doses of Zinc as a Safe
and Efficient Coadjutant in the Treatment of Male Hypogonadism. Aging Male
Feb 15, 1–10. doi:10.1080/13685538.2019.1573220

Sun, J., Wang, D., Lin, J., Liu, Y., Xu, L., Lv, R., et al. (2019). Icariin protects
mouse Leydig cell testosterone synthesis from the adverse effects of di(2-
ethylhexyl) phthalate. Toxicol. Appl. Pharmacol. 378, 114612. doi:10.1016/j.
taap.2019.114612

Surhio, M. M., Wang, Y., Fang, S., Li, J., and Ye, M. (2017). Anti-fatigue Activity of
a Lachnum Polysaccharide and its Carboxymethylated Derivative in Mice.
Bioorg. Med. Chem. Lett. 27, 4777–4780. doi:10.1016/j.bmcl.2017.07.034

Tan, H. L., Chan, K. G., Pusparajah, P., Saokaew, S., Duangjai, A., Lee, L-H., et al.
(2016). Anti-Cancer Properties of the Naturally Occurring Aphrodisiacs: Icariin
and its Derivatives. Front. Pharmacol. 7, 191. doi:10.3389/fphar.2016.00191

Xi, X., Guo, S., Guo, H., Cui, X., Cao, H., Xu, F., et al. (2018). Anti-exercise-fatigue
and Promotion of Sexual Interest Activity of Total Flavonoids from Wasps
Drone-Pupae in Male Mice. Biomed. Pharmacother. 107, 254–261. doi:10.1016/
j.biopha.2018.07.172

Young, C. A., Tennant, A., Mills, R., Rog, D., Ford, H., and Orchard, K. (2017).
Sexual Functioning in Multiple Sclerosis: Relationships with Depression,
Fatigue and Physical Function. Mult. Scler. 23, 1268–1275. doi:10.1177/
1352458516675749

Zhan, S. H., Heng, J. X., Tao, Q., Hu, Z. M., Li, H., Chen, Y. L., et al. (2014).
Antioxidative Protective Effect of Icariin on the FeSO4/H2O2 Damaged Human
Sperm Based on Confocal Raman Micro-spectroscopy. J. Huazhong Univ. Sci.
Technol. 34, 755–780. doi:10.1007/s11596-014-1348-3

Zhao, S. Y., Liao, L. X., Tu, P. F., Li, W. W., and Zeng, K. W. (2019). Icariin Inhibits
AGE-Induced Injury in PC12 Cells by Directly Targeting Apoptosis Regulator
Bax. Oxid Med. Cel. Longev. 2019, 7940808. doi:10.1155/2019/7940808

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Zhang, Zhang, Liu, Ji, Ren, Ma, Zhang, Wu, Zhang, Shang and
He. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org June 2021 | Volume 12 | Article 61172210

Zhang et al. Icariin-Zinc Protects Reproductive System

https://doi.org/10.1016/j.fct.2012.05.017
https://doi.org/10.1211/0022357044869
https://doi.org/10.1111/and.13084
https://doi.org/10.1111/and.13084
https://doi.org/10.1186/s12906-016-0995-2
https://doi.org/10.1186/s12906-016-0995-2
https://doi.org/10.1080/13685538.2019.1573220
https://doi.org/10.1016/j.taap.2019.114612
https://doi.org/10.1016/j.taap.2019.114612
https://doi.org/10.1016/j.bmcl.2017.07.034
https://doi.org/10.3389/fphar.2016.00191
https://doi.org/10.1016/j.biopha.2018.07.172
https://doi.org/10.1016/j.biopha.2018.07.172
https://doi.org/10.1177/1352458516675749
https://doi.org/10.1177/1352458516675749
https://doi.org/10.1007/s11596-014-1348-3
https://doi.org/10.1155/2019/7940808
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Synthesis of Icariin-Zinc and its Protective Effect on Exercise Fatigue and Reproductive System Related Glands in Male Rats
	Background
	Methods
	Experimental Animals and Drugs
	Experimental Instruments
	Preparation and Detection of the Icariin-Zinc Complex
	Preparation and Extraction of Icariin-Zinc

	Preparation of the Zinc Reagent Solution
	Identification of Compounds (Colorimetry)
	Molecular Formula and Structural Formula of the Icariin-Zinc Complex
	Sample Pretreatment

	Experimental Groups
	Anti-Fatigue Experimental Method (Surhio et al., 2017)
	Test Indices and Methods of Measurement (Xi et al., 2018)

	Results
	Observation of the Feeding and Swimming Behavior
	Effect of Icariin-Zinc on Body Weight of Rats
	The Effect of Icariin-Zinc on Anti-Fatigue in Rats
	The Effect of Exercise and Icariin-Zinc on Glycogen Storage in the Liver and Muscle of Rats
	The Effect of Icariin-Zinc on the Testicular Weight and Index of Rats 
	The Effect of Exercise and Icariin-Zinc on the Weights of the Seminal Vesicle and Prostate Gland in Rats
	The Effect of Exercise and Icariin-Zinc on the Plasma Testosterone Level in Rats 

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


