
lable at ScienceDirect

Journal of Ginseng Research 46 (2022) 543e549
Contents lists avai
Journal of Ginseng Research

journal homepage: https: / /www.sciencedirect .com/journal / journal-of-ginseng-
research
Research Article
Safety and antifatigue effect of Korean Red Ginseng capsule: A
randomized, double-blind and placebo-controlled clinical trial

Yi Yang a, *, Hong Wang b, Ming Zhang c, Mengxue Shi a, Cailing Yang d, Qiang Ni a,
Qi Wang a, Jing Li e, Xuemei Wang f, Chen Zhang f, Zhi Li f

a Health Management Center, Tianjin Third Central Hospital, Tianjin, China
b General Practice Department, Tianjin Third Central Hospital, Tianjin, China
c Nutrition Department, Tianjin Third Central Hospital, Tianjin, China
d Food and Drug Safety Evaluation Center, Comprehensive Testing Center of Chinese Academy of Inspection and Quarantine, Beijing, China
e Laboratory Department, Tianjin Third Central Hospital, Tianjin, China
f Scientific Research Center, Conbio Technology Group Co., Ltd., Tianjin, China
a r t i c l e i n f o

Article history:
Received 12 April 2021
Received in revised form
9 August 2021
Accepted 3 September 2021
Available online 11 September 2021

Keywords:
Physical fatigue
Korean Red Ginseng
Blood lactic acid
Creatine phosphokinase
* Corresponding author. Medical Department, Tia
Tianjin, China.

E-mail address: 18622281699@163.com (Y. Yang).

https://doi.org/10.1016/j.jgr.2021.09.001
1226-8453/© 2021 The Korean Society of Ginseng. Pub
org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Background: In physical activity or labor, the human body is in a state of high intensity stress, and all
parts or physiological functions of the body respond positively to maintain or balance the need for
movement. The human body has many physiological changes in the process of movement, and fatigue is
the external manifestation of various complex changes inside the human body. Fatigue is also a physi-
ological mechanism of self-protection after the body reaches a certain level of activity, which can prevent
the occurrence of life-threatening excessive functional failure. The generation of fatigue is a very complex
process, and its mechanism has not been concluded yet. Therefore, it is an important work to search and
screen the effective components of natural plants that have anti-fatigue effect and to explore their
mechanism.
Methods: This was a 8-week, randomized, double-blind, placebo-controlled clinical trial. A total of 110
subjects who passed physical examination were included according to the scheme design, and randomly
divided into a test group which was given KRG and a placebo control group. The calculation is carried out
according to the standard of sub-high-intensity exercise test.
Results: There was no adverse effect on safety index of subjects after taking red ginseng capsule. After
KRG treatment, subjective strength grade is significant lower than placebo treatment. Blood lactic acid
content is significantly get lower after trial in KRG group, and significant lower than placebo group.
Creatine phosphokinase(CK) content is significantly get lower after trial in KRG group, and significant
lower than placebo group.
Conclusion: According to the criterion in the test scheme, the result shows that KRG is helpful on
relieving physical fatigue.
© 2021 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In physical activity or labor, the human body is in a state of high
intensity stress, and all parts of the body or physiology respond
positively to maintain or balance the needs of movement. The
physiological changes of human body during sports are mainly
manifested in energy consumption, water loss, electrolyte loss,
njin Third Central Hospital,
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lactic acid accumulation, free radical damage and internal envi-
ronment disorder [1e3]. Fatigue is the external manifestation of
various complex internal changes in the body, which is related to
load intensity, exercise amount, psychology, age, environment,
climate, constitution, diet and living habits and other factors. Fa-
tigue is also a physiological mechanism of self-protection after the
body reaches a certain level of activity, which can prevent the
occurrence of excessive function failure that threatens life. The
generation of fatigue is a very complex process, and the mechanism
has not been definitively concluded [4e11]. Therefore, it is a sig-
nificant work to search and screen the effective components with
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anti-fatigue effect in natural plants and to explore their mechanism
of action [12].

The main active ingredients of Korean ginseng include ginse-
nosides (more than 30 kinds), sugars, amino acids, notoginseng
element, volatile oil, etc., which have various physiological effects
such as anti-fatigue, improving immunity, protecting injured
muscles, improving atherosclerosis [1e7]. Animal experiments
have found that the anti-fatigue mechanisms of the active ingre-
dient ginsenoside in Korean Red Ginseng are mainly reflected in
several aspects: Ginsenoside Rg1 can slow down the blood glucose
drop in rats and increase the reserve of muscle glycogen and liver
glycogen; Ginsenoside can reduce the level of lactic acid in rats and
reduce the accumulation of lactic acid; Ginsenoside can signifi-
cantly increase the content of DA and Ach in the rat hypothalamus,
and reduce the content of 5-hydroxytryptamine (5-HT) and g-
aminobutyric acid (GABA), thereby resisting central neurotrans-
mitter disorders and maintaining exercise capacity [13]. Human
clinical trials also confirmed the effect of Korean ginseng on
relieving physical fatigue [13e17]. According to Bei Yan and other
experiments, Korean ginseng can reduce human serum creatine
kinase, blood urea nitrogen and regulation of serum metabolic
profile to relieve physical fatigue [1]. Zhang Li et al. designed a
randomized double-blind clinical trial in which Korean Red
Ginseng and a placebo were compared. After the test, the symp-
toms and fatigue of the experimental group were significantly
improved [16]. In this experimental study, gradient load exercise is
carried out according to the standard of sub-high-intensity exercise
test. The subjective physical strength sensory rating scale was
combined with blood biochemical indicators such as blood lactate,
creatine kinase, cortisol, etc., to jointly evaluate the effect of Zheng
guanzhuang Korean Red Ginseng capsules in relieving physical fa-
tigue. It was a great significance for the study of the mechanism of
Korean Red Ginseng products in human body anti-fatigue, and was
a great significance to the in-depth development and product
promotion of Korean Red Ginseng related products.
2. Materials and methods

2.1. Ethical statement

This randomized, double-blind and placebo-controlled clinical
trial study was performed in the Tianjin Third Central Hospital,
Tianjin, China. The study was conducted in accordance with the
Declaration of Helsinki, and informed consent was obtained for
experimentationwith human subjects. The privacy rights of human
subjects have always been observed.
2.2. Materials

Zheng guanzhuang Korean Red Ginseng capsule, which is pro-
vided by the Korea Ginseng Corporation. It has obtained the State
Food and Drug Administration health food registration approval,
and its approval number is “Wei Shi Jian Jin Zi (1999) No. 0035”.
Sample appearance: hard capsule, contents are yellowish-brown,
product specification: 0.465 g/granule � 90 granule/bottle, total
saponin content 3.5e4.8 g/100 g. Batch number: 20191223. Storage
method：Keep away from light and keep in a cool, dry place. Shelf
life: 36 months. The placebo capsule, also provided by the same
organization, was identical to the test product in dosage form, taste,
appearance, and packaging, except for its efficacy. The ingredients
of placebo capsule contain lactose, microcrystalline cellulose, silica,
magnesium stearate, tartrazine, allura red, brilliant blue, food
flavoring essence. The sample provider is solely responsible for any
safety problems caused by the test product.
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2.3. Participants

2.3.1. Criteria of included subjects
2.3.1.1. Aged 18e65 years old, in good physical health, no obvious
brain, heart, liver, lung, kidney, or blood disease, volunteers for the
test, and guarantee for cooperation. .

2.3.1.2. The safety indicator test was qualified. Safety indicators
include mental, sleep, diet, urine and bowel, heart rate, blood pres-
sure, blood routine, urine routine, and ECG tests. .

2.3.1.3. Sign informed consent. .

2.3.2. Criteria of excluded subjects
2.3.2.1. Pregnant or breastfeeding women, and subjects who are
allergic to the test sample. .

2.3.2.2. Patients with serious systemic diseases such as heart, liver,
kidney and hematopoietic system. .

2.3.2.3. Subjects who took something related to the tested function in
a short period of time, which will affect the judgment result. .

2.3.2.4. Subjects who do not meet the inclusion criteria, fail to
consume the tested samples as required, fail to determine the efficacy
or have insufficient data that affect the efficacy or determine the
safety. .

2.3.2.5. Subjects who have heart disease, high blood pressure, hy-
perglycemia, epilepsy and other diseases easily attacked after stren-
uous exercise. .

2.4. Test design and grouping requirements

Subjects were randomly divided into two control groups: a
study group and a control group. Intragroup comparisons before
and after the test were also used. The main factors affecting the
results, such as gender, age, body mass index (BMI) and body fat
percentage, were considered as far as possible to conduct equilib-
rium test to ensure the comparability between groups. There were
no less than 50 subjects in each group. Professional statisticians
(non-final statisticians) use SPSS 21.0 software to generate random
numbers, which can be used for random grouping of subjects. Put
all random grouping numbers into two sets of emergency letters,
one set was then handed over to the sample manager to issue the
corresponding numbered test samples or placebo to the subjects,
and the other set was handed over to the data manager for safe-
keeping, in case of unblind use.

2.5. Dose and duration

Two control designs were used: a study group and a control
group. Intragroup comparisons before and after the test were also
used. The test group took Zheng guanzhuang Korean Red Ginseng
capsule, 2 times a day, 3 tablets each time, with warm water for 8
weeks. The control group received placebo, 3 tablets twice a day, in
warm water for 8 weeks.

2.6. Method to induce exercise fatigue

Induce exercise fatigue is realized by gradient load exercise. The
calculation is carried out according to the standard of sub-high-
intensity exercise test. Using power bicycle (Ergoline 100) as the
auxiliary device, the exercise heart rate (195 - age) was calculated
according to the age of the subjects. During operation, thewarm-up
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time of the power bicycle was set as 60 s and the initial power was
25 w. The blood pressure and heart rate at the beginning were read
and recorded. After the warm-up time, power bicycle automatic
increasing with every 50 w as a ladder, each step to keep the 120 s,
read the record in the process of the participants' blood pressure
and heart rate, and arrive in time automatically stopwhen the heart
rate (maximum heart rate * 0.8), bicycle automatic recovery to 25
w, 60 s and let the participants to keepmotion state, read the record
of blood pressure and heart rate. Monitor subjects’ blood pressure
and heart rate during exercise to ensure their safety.

3. Observation indicators

3.1. Safety indicators

3.1.1. General conditions (including mental, sleep, diet, urine and
urine, blood pressure, etc.)

Good mental state is manifested in full mentation, brisk
thinking and focused attention. Ordinarymental state is manifested
in acceptable mentation and general attention. Poor mental state is
manifested in decreased understanding, memory loss and unfo-
cused attention. Good sleep condition shows high spirits the next
day, no difficulty in falling asleep and returning, and no more
dreams. Ordinary sleep condition shows a lack of energy the next
day, no difficulty in falling asleep and returning, and no more
dreams. Poor sleep condition shows difficulty in falling asleep and
returning, andmore dreams. Good diet status means good appetite.
Ordinary diet status means general appetite. Poor diet status means
poor appetite accompanied by postprandial distension and fullness.
Good urine and urine condition is manifested as unobstructed
defecation 1e2 times a day. Ordinary urine and urine condition is
manifested as unsmooth stool once every 2e3 days. Poor urine and
urine condition is manifested as constipation and diarrhea.

3.1.2. Blood and urine routines
.

3.1.3. Liver and kidney function tests
.

3.1.4. Heart rate and blood pressure (measured during gradient
load exercise)

According to the standard of sub-high-intensity exercise test,
the safety standard of heart rate was set as the upper limit of no
more than 195 - age during the gradient load exercise. The safety
Table 1
Subjective physical strength rating scale.

Sense of self Main symptoms

Very relaxed No difference between before and
Self control the speed and heart ra
Sight shortness of breath
Maintain coordination and stabilit

Relaxed Slightly sore muscles
Just sweating and breathing faster

A little relaxed Increased perspiration and heavy w
Sweating heavily and moving norm

A little tired Slow in action and late response
Decreased attention and uncoordin

Tired Sticky tongue and sore muscles
Extremely sore muscles and difficu

Very tired Dyspnea and dizziness
Respiratory disturbance, nausea an

Exhausted Blurred vision and inability to mov
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standard of blood pressure is that the participants have no
discomfort after gradient load exercise.

3.1.5. ECG, B-ultrasound, chest X-ray (only checked once before the
start of the test)

.

3.2. Efficacy indicators

3.2.1. Cortisol (measured before gradient load exercise)
.

3.2.2. Creatine kinase, blood lactate (measured after gradient load
exercise)

.

3.2.3. Subjective physical strength rating scale (measured after
gradient load exercise)

The specific content of subjective physical strength rating scale
is mainly divided into 7 types (Table 1).

4. Clinical trial results

4.1. Recruiting and screening of the subjects (Fig. 1)

After preliminary screening, 150 subjects were sent to the hos-
pital for the re-screening. According to the inclusion and exclusion
criteria in the human feeding trial plan, 40 subjects did not meet
the requirements, among which 20 did not meet the requirements
for safety indicators, 12 were taking function-related products, and
8 were patients with chronic diseases. Finally, 110 subjects signed
the informed consent. 110 subjects were randomly divided into a
test group and a control group.1 case in the test group and 2 cases in
the control group did not participate in the physical examination at
the specified time, which met the exclusion criteria of the subjects.
There were 54 valid subjects in the test group and 53 cases in the
control group. The food group and the control group had deletion
rates of 1.8% and 3.6% respectively.

4.2. General condition

Before the test, the subjects' general condition, blood routine
test, urine routine test, liver and kidney functions, chest X-ray, ECG,
abdominal B-ultrasound and other examinations were basically
within the normal range. The grouping of the subjects is shown in
Points
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Fig. 1. Screening process of subjects.

Table 2
Comparison of equilibrium between the two groups before the test（x±SD）.

Test group (n ¼ 54) Control group (n ¼ 53)

Cases 54 53
Male/Female 18／36 23／30
Age (years old) 51.80 ± 12.03 53.02 ± 9.54
BMI 25.41 ± 3.49 25.36 ± 3.81
Body fat rate 34.93 ± 7.52 33.71 ± 7.47

Comparison between groups, P > 0.05.
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Table 2. The age and gender of the two groups of patients were not
significantly different and comparable before the test (Table 2).

Observation of the general condition of the two groups before
and after the test revealed no significant changes in the mental
status, sleep, diet, defecation, urine routine and defecation routine
of the subjects before and after the test (Table 3).
4.3. Observation results of efficacy indicators (Table 4)

It could be seen from Table 4 that there was no significant dif-
ference on scores of subjective physical perception scale in the two
groups before the test (P > 0.05), and the score of subjective
physical scale in the test group after the test was lower than that
before the test (P < 0.01). There was no significant difference on
scores of subjective physical perception scale in the control group
before and after the test (P > 0.05), and the score of subjective
physical scale in the test group was lower than that in the control
group after the test, indicating significant difference (P < 0.01).

It could be also seen from Table 4 that there was no significant
difference on cortisol, CK, and blood lactate in the two groups
before the test. In self-comparison, the blood lactate content in the
test group after the test was significantly lower than that before the
Table 3
Comparison of general conditions in the two groups before and after the test.

Test group (n ¼ 54)

Before test After test

Poor Ordinary Good Poor Ordinary

Mental condition 0 2 52 0 2
Sleep condition 1 1 52 0 1
Diet condition 0 1 53 0 1
Defecation 0 0 54 0 0
Urine routine Normal Normal
Stool routine Normal Normal
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test (P < 0.01), and the content of CK in the test group after the test
was significantly lower than that before the test (P < 0.05).
Compared between the groups after the test, the blood lactate
content in the test group was significantly lower than that in the
control group (P < 0.05), and the content of CK in the test group was
significantly lower than that in the control group (P < 0.05). There
was no significant change in the cortisol content between or within
the test group and the control group before and after the test.

4.4. Observation results of safety indicators

4.4.1. The comparison of blood pressure and heart rate during the
gradient load exercise in subjects before and after the test (Table 5)

According to the standard of sub-high-intensity exercise test,
the exercise heart rate (195 - age) was calculated according to the
age of the subjects. There are significant differences in intra-group
or inter-group comparison on blood pressure and heart rate
(P < 0.05). However, blood pressure and heart rate are only
considered as safety indicators and have no practical significance
for the test results.

4.4.2. The comparison of blood routine, urine routine and blood
biochemical indexes of the subjects before and after the test
(Table 6)

It could be seen from Table 6 that the indicators of the test group
and the control groupwere in the normal range before and after the
test, and there was no significant change before and after the test
(P > 0.05).

4.4.3. The abdominal B-ultrasound, ECG and chest X-ray in the test
group and the control group were all within the normal range

.

Control group (n ¼ 53)

Before test After test

Good Poor Ordinary Good Poor Ordinary Good

52 2 4 47 2 4 47
53 0 2 51 0 1 52
53 0 0 53 0 0 53
54 0 0 53 0 0 53

Normal Normal
Normal Normal



Table 5
Comparison of blood pressure and heart rate before, after and during the test (x±SD).

Test group (n ¼ 54) Control group (n ¼ 53)

Before test After test Before test After test

Before exercise Systolic pressure 129.57 ± 15.49 129.41 ± 15.48 130.58 ± 14.38 130.30 ± 14.27
Diastolic pressure 76.94 ± 10.30 76.91 ± 9.85 77.23 ± 11.58 77.28 ± 11.29
Heart rate 73.98 ± 8.25 73.87 ± 8.01 73.57 ± 9.96 73.60 ± 9.55

During exercise Systolic pressure 162.35 ± 27.94 162.46 ± 28.71 162.57 ± 28.27 165.85 ± 26.03
Diastolic pressure 90.56 ± 19.21 89.41 ± 19.32 89.28 ± 22.26 95.23 ± 19.97
Heart rate 119.41 ± 13.32 123.20 ± 13.81 115.15 ± 21.89 115.77 ± 17.35#

After Exercise Systolic pressure 141.00 ± 24.77 140.17 ± 21.72 145.26 ± 27.66 144.81 ± 27.97
Diastolic pressure 83.19 ± 10.24 84.89 ± 11.03 84.64 ± 10.03 89.70 ± 12.35*#
Heart rate 100.28 ± 18.00 102.06 ± 14.33 102.60 ± 15.00 101.09 ± 11.28

Compared with pre-test *P＜0.05 Comparison between groups # represents P＜0.05.

Table 6
Changes of blood routine, urine routine and blood biochemical indexes before and after the food test (x±SD).

Test group (n ¼ 54) Control group (n ¼ 53)

Before test After test Before test After test

Leukocyte count（ � 109/L） 6.36 ± 1.54 4.48 ± 1.79 7.21 ± 1.73 6.93 ± 1.43
Erythrocyte count ( � 1012/L) 4.64 ± 0.38 4.64 ± 0.41 4.77 ± 0.46 4.74 ± 0.44
Hemoglobin (g/L) 139.57 ± 14.07 138.30 ± 14.70 141.38 ± 16.28 140.00 ± 15.76
Platelet count （ � 109/L） 261.07 ± 79.67 257.72 ± 83.77 263.70 ± 67.78 261.15 ± 61.98
Urea (mmol/L) 5.05 ± 1.28 4.78 ± 1.19 5.11 ± 1.65 4.98 ± 1.87
Creatinine (mmol/L) 69.83 ± 16.38 70.35 ± 16.97 70.81 ± 21.42 72.72 ± 30.86
Uric acid (mmol/L) 344.96 ± 87.00 343.24 ± 96.53 318.21 ± 91.01 327.11 ± 95.48
Blood glucose (mmol/L) 5.59 ± 1.21 5.39 ± 0.72 5.75 ± 1.04 5.57 ± 1.17
Total protein (g/L) 73.22 ± 3.28 74.36 ± 4.39 71.92 ± 5.09 73.11 ± 4.60
Albumin (g/L) 47.70 ± 1.97 47.18 ± 2.27 46.89 ± 2.96 46.46 ± 2.55
ALT (U/L) 23.24 ± 13.39 23.00 ± 11.40 20.85 ± 15.00 22.23 ± 16.63
AST (U/L) 20.46 ± 6.60 19.63 ± 5.79 19.38 ± 7.13 20.23 ± 8.93
Triglycerides (mmol/L) 1.93 ± 1.31 1.95 ± 0.91 1.68 ± 1.00 1.79 ± 1.06
Total cholesterol (mmol/L) 5.00 ± 1.13 4.85 ± 0.97 4.98 ± 1.03 4.83 ± 0.89
High-density lipoprotein (mmol/L) 1.19 ± 0.24 1.18 ± 0.19 1.22 ± 0.24 1.22 ± 0.24
Low-density lipoprotein (mmol/L) 3.01 ± 0.89 2.96 ± 0.81 2.96 ± 0.79 2.85 ± 0.70

Table 4
Changes of efficacy indicators before and after the test (x±SD).

Test group (n ¼ 54) Control group (n ¼ 53)

Before test After test Before test After test

Cortisol 116.71 ± 31.47 125.42 ± 32.56 121.16 ± 36.04 119.64 ± 29.26
Creatine phosphokinase 175.20 ± 38.42 163.30 ± 26.84*# 165.51 ± 41.53 174.53 ± 25.76
Blood lactate 214.52 ± 30.22 199.17 ± 34.80**# 214.27 ± 34.04 211.32 ± 21.75
Subjective physical perception 10.96 ± 0.43 10.46 ± 0.61 **## 11.04 ± 0.39 10.92 ± 0.47

Comparison within groups **P＜0.01 * P＜0.05，comparison between groups #P＜0.05 ##P＜0.01.
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4.4.4. Observation results of adverse reactions: there were no
allergies and other adverse reactions in the test group and the
control group during the test

The test group took Zheng guanzhuang Korean Red Ginseng
capsules, 2 times a day, 3 capsules each time, with warmwater for 8
weeks. The control group took placebo, 2 times a day, 3 capsules
each time, with warm water for 8 weeks. Through follow-up in-
terviews, the test group (n¼ 54) and the control group (n¼ 53) had
no adverse reactions and allergic reactions such as nausea, flatu-
lence, diarrhea, and abdominal pain occurred during the test
period.
5. Conclusion

No allergy or other adverse reactions were observed in the
subjects after eating Zheng guanzhuang Korean Red Ginseng
capsule. Before and after the test, blood routine, urine routine, stool
routine and blood biochemical indexes were all in the normal
547
range, indicating that this product had no adverse effects on the
health of the subjects. 110 eligible subjects were included and
randomly divided into a trial group and a control group, with 107
effective cases, including 54 in the trial group and 53 in the control
group. The experimental group was required to take Zheng
guanzhuang Korean Red Ginseng capsule, and the control group
was given placebo. The scores of subjective physical strength rating
scale in the experimental group were lower than those before the
trial (P < 0.01), and there was no significant difference in the scores
of the control group before and after the trial (P > 0.05). After the
trial, the scores of subjective physical strength rating scale in the
experimental group were lower than those of the control group
(P < 0.01). Cortisol in the trial group increased after the trial than
before, but the difference was not significant [14]. The serum lactic
acid content of the test group was lower than that before the
feeding (P < 0.01), and the serum lactic acid content of the test
group was lower than that of the control group (P < 0.05), indi-
cating that Zheng guanzhuang Korean Red Ginseng capsule could



Y. Yang, H. Wang, M. Zhang et al. Journal of Ginseng Research 46 (2022) 543e549
reduce the blood lactic acid production and delay the physical fa-
tigue of the body. The content of CK in the trial group was lower
than that before (P < 0.05), and the content of CK in the trial group
was lower than that in the control group (P < 0.05), indicating that
Zheng guanzhuang Korean Red Ginseng capsule can reduce the
production of CK, so as to delay the physical fatigue of the body.
Comprehensive evaluation, according to the criteria in the test
scheme, the results show that Zheng guanzhuang Korean Red
Ginseng capsule has the effect of anti-fatigue.

6. Discussion

Exercise-induced fatigue is a temporary decrease in the body's
working ability caused by exercise itself, and a physiological phe-
nomenon that can be restored after proper time of rest and
adjustment. It is an extremely complex comprehensive reaction
process of body changes. Sports fatigue is a combination of physical
andmental fatigue. Therefore, the evaluation of sports fatigue often
includes the evaluation of subjective feelings and the determina-
tion of physiological and biochemical objective indicators that can
reflect fatigue. In this study, a sub-high-intensity exercise test was
used to make the subjects suffer from exercise fatigue, combined
with the subject's physical perception scale, heart rate, and blood
pressure, to judge the fatigue of the subjects. To study and evaluate
the effect of Zheng guanzhuang Korean Red Ginseng capsules in
relieving physical fatigue.

Studies have found that fatigue can cause excessive secretion of
cortisol in the body, leading to disorders of fat and protein meta-
bolism in the body, which can lead to physical discomfort and even
diseases [14,15]. Cortisol can accelerate the catabolism and accel-
erate the decomposition during intense stress to meet the needs of
exercise, but it shall be reduced to the original basic range as soon
as possible during the post-exercise recovery period to avoid
excessive consumption in the body [18]. In this study, the content of
cortisol in the test group increased after the test, while the content
of cortisol in the control group decreased slightly after the test, and
there was no significant change. It is speculated that there are two
reasons. One reason may be that taking Zheng guanzhuang Korean
Red Ginseng capsules or placebo did not affect the changes in
cortisol content of the subjects. The difference in cortisol content
between the test group and the control group is the change in the
subjects' normal cortisol content. The other reason may be that
cortisol is a kind of glucocorticoid. Through literature review, we
found that red ginseng may have two-way regulatory effect on
glucocorticoid. Shi Zhe et al. Summarized that ginsenoside can
regulate glucocorticoid receptor and enhance the effect of gluco-
corticoid [19]. Kim JH et al. have shown that red ginseng has a
therapeutic effect on glucocorticoid-induced osteoporosis [20].
Therefore, the specific influencing factors and mechanism of Zheng
guanzhuang Korean Red Ginseng capsules on cortisol index need to
be further explored.

CK is an energy-converting enzyme, which is one of the more
sensitive indicators for changes in exercise training. Studies have
found that the muscular soreness of the body during high-intensity
exercise is closely related to the activity of serum CK after exercise
[21]. With increase of fatigue during exercise, the activity of serum
CK may continue to rise. Change in CK activity within a certain
range canwell reflect the fatigue level during exercise. In this study,
it indicated that Zheng guanzhuang Korean Red Ginseng capsule
can reduce the production of CK, so as to delay the physical fatigue
of the body.

Many studies have confirmed that the accumulation of lactate is
one of the main factors leading to peripheral fatigue [22]. The
production of blood lactate is due to that the body's oxygen supply
cannot meet the energy requirements and accelerates the energy
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supply process of glycolysis [23]. The large accumulation of lactate
increases the concentration of Hþ ions in the muscles, resulting in
ache fatigue of muscles. Therefore, the recovery from fatigue is
promoted by assisting the body to remove lactate. In this study, it
indicated that Zheng guanzhuang Korean Red Ginseng capsules
could reduce the blood lactic acid production and delay the physical
fatigue of the body.

When strenuous exercise causes the accumulation of lactic acid,
it will cause a significant increase of free radicals. Excess free rad-
icals may cause cell damage or tissue damage and it will cause the
process of lipid peroxidation [24]. As the final product of lipid
peroxidation, malondialdehyde can be used to evaluate the damage
to cells caused by exercise fatigue and excessive free radicals [25].
Therefore, it can be explored in follow-up studies that whether
Zheng guanzhuang Korean Red Ginseng capsules can reduce the
production of malondialdehyde in the process of relieving physical
fatigue.

The effect of Korean Red Ginseng on health maintenance has
been concerned by researchers. At present, some studies from
different directions have confirmed that Korean Red Ginseng has
the potential of anti fatigue effect. Sung WS et al. provided the
objective evidence for the treatment of Korean Red Ginseng on
middle-aged individuals with chronic fatigue [26]. Hong MG et al.
evaluated the antifatigue effect of Korean Red Ginseng in patients
with nonalcoholic fatty liver disease, their results show that Korean
Red Ginseng can effectively improve adiponectin levels, reduce
proinflammatory cytokines and fatigue [27]. Other studies have
found that Korean Red Ginseng has some effects on metabolic
syndromeon and related diseases, such as obesity, cardiovascular
disease, insulin resistance, diabetes, dyslipi demia, non-alcoholic
fatty liver disease [28]. However, more clinical trials are needed
to confirm the clinical safety and effectiveness of Korean Red
Ginseng.

Further analysis found that a possible limitation of this experi-
mental study that the age of the test population is mostly
concentrated in the middle-aged and elderly people. The next step
of the study can be to expand the age range of the population,
combined with metabolic profile analysis, and in-depth study the
mechanism of Korean Red Ginseng capsules to relieve physical fa-
tigue and the target population.
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