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Abstract: Objective: This study aimed to analyze the role of Fufang Ejiaojiang in improving Taekwondo athletes’ anti-
oxidant capacity. Methods: A total of 90 Taekwondo athletes from Wonkwang University were randomized into Group 
A (GA, Fufang Ejiaojiang) and Group B (GB, placebo). Results: At 1 month and 2 months after medication, the levels 
of SOD, CAT, GSH-Px, -OH, MDA, T-AOC, WBC, HGB, HCT, relative VO2max, peak anaerobic power, average anaerobic 
power, back strength, grip strength, deep knee bend and bench press were higher and the levels of creatine kinase 
(CK) and blood urea nitrogen (BUN) were lower in GA when compared to GB (P<0.05). Conclusion: For Taekwondo 
athletes, Fufang Ejiaojiang can significantly improve the antioxidant capacity, oxygen transport in blood, aerobic 
exercise ability and sports ability, as well as mitigate sports fatigue.
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Introduction

Athletes involved in competitive sports have to 
continuously maintain a high level of competi-
tive readiness. However, subject to many dif- 
ferent factors, they are prone to sports fatigue 
[1]. Sports fatigue occurs when athletes fail to 
maintain body functions at a stable level or  
sustain exercise intensity on an ongoing basis, 
and it is a common physiological issue in ath-
letes [2].

Along with the increasing attention to competi-
tive sports, studies of athletes’ functions also 
increase. There are 6 theories regarding the 
pathogenesis of sports fatigue in athletes that 
are relatively accepted; of which, the theory of 
free radical damage is a hot study topic in 
recent years [3]. In case of massive free radi-
cals which can’t be timely scavenged by the 
body, they will attack the polyunsaturated fatty 
acids on biomembranes. In such a process, 
lipid peroxides are produced and biomem-
branes are functionally disordered [4]. Free 
radicals can inactive some important enzymes, 
leading to various pathological changes, fur-
ther aggregating the tissue damage, reducing 

the body’s functions and resulting in sports 
fatigue. Studies have shown that antioxidation 
is the main method of free radical scavenging 
in the body, and antioxidation directly acts on 
free radicals or indirectly consumes substanc-
es which may produce free radicals to prevent 
them from further reactions [5]. In normal 
cases, free radicals and antioxidants are pro-
duced simultaneously in the body to offset the 
body cells from free radicals oxidation. Th- 
erefore, the antioxidant capacity is positively 
correlated with the capability of scavenging 
free radicals [6] and improving antioxidant ca- 
pacity is very important for athletes to improve 
their competitive state.

In previous studies, western medicine was 
mostly used to improve the body’s antioxidant 
capacity. However, since the subjects of this 
study are athletes, and there are strict re- 
quirements for medications, therefore it is not 
feasible to use antioxidant preparations that 
are on the market at will l [7]. Based on this, 
this study attempted to use a traditional Chi- 
nese preparation basically free of prohibited 
components to improve athletes’ antioxidant 
capacity. Fufang Ejiaojiang is a TCM-based 
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compound preparation that acts on multiple 
targets and is highly applicable to athletes. It 
can effectively improve the bone marrow he- 
matopoietic function, oxygen supply to cells 
and tolerance to fatigue, so that athletes can 
adapt to high-intensity constant training [8].  
As the role of Fufang Ejiaojiang in Taekwondo 
athletes was seldom investigated, 90 Taek- 
wondo athletes from Wonkwang University 
were included in the present study.

Materials and methods

Materials

A total of 90 Taekwondo athletes from Wonk- 
wang University were randomized to GA (n= 
50) and GB (n=40). Inclusion criteria: full-time 
students trained to be Taekwondo athletes 
from Wonkwang University; all informed of the 
study content and provided informed consent; 
approval from the Ethics Committee of Wonk- 
wang University. Exclusion criteria: students 
from other universities or those who are not 
trained to be Taekwondo athletes, or students 
with underlying diseases or those who are al- 
lergic to the drugs or were uncooperative with 
the study were excluded.

Methods

All athletes were trained under the guidan- 
ce of the same coach and team, and they all 
followed the same rest schedule. Athletes in  
GA took 1 tablet of Fufang Ejiaojiang (speci- 
fication: 20 ml*12 pieces, GYZZ Z37021371, 
manufacturer: Shandong Dong’e Ejiao Co.,  
Ltd., main ingredients: donkey-hide gelatin, Co- 
donopsis pilosula, prepared rehmannia root, 
red ginseng and maybush; Adjuvant material: 
saccharose) half an hour before breakfast, 
lunch and supper. Athletes in GB were provid- 
ed with 1 tablet of placebo (from the same 
manufacturer and in the same form, color, 
appearance, weight, odor and taste) half an 
hour before breakfast, lunch and supper. Both 
groups were treated for 2 months consistently.

Observation indicators

Blood was drawn from the vein of athletes in a 
fasting status in the morning, before and at 1 
month and 2 months after medication. The 
blood was centrifuged at the 3,000 rpm for 10 
min and the serum was removed and stored at 
-80°C for determination of following indicators.

Antioxidant capacity: the test was performed 
with reagents purchased from Nanjing Jian- 
cheng Bioengineering Institute, including the 
indicators of superoxide dismutase (SOD), ca- 
talase (CAT), glutathione peroxidase (GSH-Px), 
total antioxidant capacity (T-AOC), hydroxyl free 
radical (-OH) and malonaldehyde (MDA). SOD 
was measured by pyrogallol autoxidation meth-
od, CAT by visible spectrophotometry, GSH-Px 
by microtitration assay, T-AOC by spectropho-
tometer, -OH by flow-injection chemilumines-
cence method, and MDA by thiobarbituric acid 
method. All operations were carried out in strict 
accordance with the instructions. 

Oxygen transport in blood: the test was per-
formed with an automatic blood cell analyzer 
and supporting reagents and quality control 
products. Indicators included white cell count 
(WBC) and hemoglobin count (HGB), hematocrit 
(HCT).

Aerobic exercise ability: athletes’ aerobic and 
anaerobic exercise abilities were tested before 
and after medication with a Monark cycle 
ergometer and analyzed for both groups. The 
specific indicators included relative VO2max 
(Astrand-Ryhnuiy method), peak anaerobic 
power (Wingate method) and average anaero-
bic power (Wingate method).

Sports ability: the back strength, grip strength, 
deep knee bend strength and bench press 
strength were tested in a fitness center before 
and after medication, and compared between 
the two groups.

Sports fatigue: creatine kinase (CK) and blood 
urea nitrogen (BUN) were measured with a 
Hitachi 7170 automatic biochemical analyzer 
before and after medication.

Statistical analysis

Statistical analysis was performed with SPSS 
23.0. In the case of numerical data was ex- 
pressed as Mean ± Standard Deviation, com-
parison studies were carried out through inde-
pendent-samples T test. In the case of nominal 
data expressed as [n (%)], comparison studies 
were carried out through chi-squared test for 
intergroup comparison. In the case of compari-
son at multiple points, ANVOA analysis and F 
test were applied. Graphs were prepared in 
Graphpad Prism 8. For all statistical compari-
sons, significance was defined as P<0.05.
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Results

General materials 

The two groups were not statistically different 
in the proportions of male and female athletes, 
average age, height, body weight, BMI, systolic 
pressure, diastolic pressure and pulse rate 
(P>0.05) (Table 1 and Figure 1).

Fufang Ejiaojiang improves antioxidant capac-
ity

Before medication, the antioxidant capacity 
indicators, including SOD, CAT, GSH-Px, -OH, 
MDA and T-AOC, were not statistically different 
between the two groups (P>0.05). There was 
no statistically significant difference in the anti-
oxidant capacity levels of GB at 1 month and 2 
months after medication (P>0.05). The antioxi-
dant capacity levels of GA at 1 month and 2 
months after medication were significantly dif-
ferent from those before medication, and tho- 

se of GA at 2 months after medication were  
significantly different from those at 1 month 
after medication (P<0.05). The levels of all in- 
dicators in GA were significantly different from 
those in GB at 1 month and 2 months after 
medication (P<0.05) (Figure 2).

Fufang Ejiaojiang improves oxygen transport 
in blood

Before medication, the indicators of oxygen 
transport in blood, including WBC, HGB and 
HCT, were not statistically different between 
the two groups (P>0.05). The indicators of oxy-
gen transport in the blood of GB revealed no 
significant difference at 1 month and 2 months 
after medication (P>0.05). The indicators of 
oxygen transport in the blood of GA at 1 month 
and 2 months after medication were signifi-
cantly higher than those before medication, 
and those of GA at 2 months after medication 
were significantly higher than those at 1 month 
after medication (P<0.05). The levels of all indi-
cators in GA were significantly higher than 

Figure 1. Intergroup comparison of height and weight. The differences between the two groups in the scatter dia-
grams of height (A) and weight (B) are not significant (P>0.05).

Table 1. Intergroup Comparison of General Materials (
_
x  ± s)/[n (%)]

Materials GA (n=50) GB (n=40) t/X2 P
Gender Male 38 (76.00) 31 (77.50) 0.028 0.867

Female 12 (24.00) 9 (22.50)
Age (y) 21.13±1.65 21.25±1.71 0.337 0.737
Height (cm) 179.65±5.78 177.91±6.34 1.359 0.178
Weight (kg) 70.45±2.69 71.43±2.78 1.672 0.094
BMI (kg/m2) 24.78±1.96 25.06±1.99 0.669 0.505
Systolic pressure (mmHg) 115.72±9.83 116.84±10.15 0.529 0.597
Diastolic pressure (mmHg) 76.54±5.28 77.13±5.47 0.518 0.606
Pulse rate (times/minute) 65.46±10.18 67.84±12.43 0.999 0.321
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those in GB at 1 month and 2 months after 
medication (P<0.05) (Table 2).

Fufang Ejiaojiang improves aerobic exercise 
ability

Before medication, the indicators of aerobic 
exercise ability, including relative VO2max, peak 

anaerobic power and average anaerobic power, 
were not statistically different between the two 
groups (P>0.05). The indicators of aerobic exer-
cise ability of GB revealed no significant differ-
ence at 1 month and 2 months after medica-
tion (P>0.05). The indicators of aerobic exercise 
ability of GA at 1 month and 2 months after 
medication were significantly higher than those 

Figure 2. Intergroup Comparison of Antioxidant Capacity. Before medication, the two groups were insignificantly 
different in SOD (A), CAT (B), GSH-PX (C), -OH (D), MDA (E) and T-AOC (F) (P>0.05). Compared to GB at 1 month and 
2 months after medication, GA had lower GA-OH and MDA levels, and higher SOD, CAT, GSH-Px and T-AOC levels 
(P<0.05). *P<0.05 vs GB.
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before medication, and those of GA at 2 mon- 
ths after medication were significantly higher 
than those at 1 month after medication (P< 
0.05). The levels of all indicators in GA were  
significantly higher than those in GB at 1 mon- 
th and 2 months after medication (P<0.05) 
(Table 3).

Fufang Ejiaojiang enhances sports ability

Before medication, the indicators of sports  
ability, including back strength, grip strength, 
deep knee bend and bench press, were not  
statistically different between the two groups 
(P>0.05). The indicators of sports ability of GB 
revealed no significant difference at 1 month 
and 2 months after medication (P>0.05). The 
indicators of sports ability of GA at 1 month  
and 2 months after medication were signifi-
cantly higher than those before medication, 
and those of GA at 2 months after medication 
were significantly higher than those at 1 mon- 
th after medication (P<0.05). The levels of all 
indicators in GA were significantly higher than 
those in GB at 1 month and 2 months after 
medication (P<0.05) (Figure 3).

Fufang Ejiaojiang alleviates sports fatigue 

Before medication, the indicators of sports fa- 
tigue, including levels of CK and BUN, were  
not statistically different between the two gr- 
oups (P>0.05). The indicators of sports fatigue 

of GB at 1 month and 2 months after medica-
tion were significantly higher than those be- 
fore medication, and those of GB at 2 months 
after medication were significantly higher than 
those at 1 month after medication (P<0.05). 
The indicators of sports fatigue of GA at 1 
month and 2 months after medication were  
significantly lower than those before medica-
tion, and those of GA at 2 months after medi- 
cation were significantly lower than those at 1 
month after medication (P<0.05). The levels  
of all indicators in GA were significantly lower 
than those in GB at 1 month and 2 months 
after medication (P<0.05) (Figure 4).

Discussion

Taekwondo is a martial art using both the 
hands and feet and is significantly character-
ized by a time structure. A fight takes a short 
period of time but athletes have to repeated- 
ly attack and defend, during which, they fre-
quently adjust their pace [9, 10]. Taekwondo 
has high requirements on athletes’ continuous 
explosive effort. They must ensure good gly- 
colysis and phosphate energy supply [11, 12]. 
Therefore, improving antioxidant capacity plays 
a crucial role in athletic. 

The Fufang Ejiaojiang provided to GA in this 
study is a common TCM tonic made of donkey-
hide gelatin, Codonopsis pilosula, prepared re- 

Table 3. Intergroup Comparison of Aerobic Exercise Ability Before and After Medication (
_
x  ± s)

Group Time Relative VO2max 
[ml/(min·kg)]

Peak anaerobic 
power (W)

Average anaerobic 
power (W)

GA (n=50) Before medication 60.12±10.16 798.15±23.62 584.16±19.38
1 month after medication 66.82±9.48 836.25±34.18 615.24±24.18
2 months after medication 72.61±12.34 871.15±40.62 657.81±30.12

GB (n=40) before medication 61.25±8.94 785.24±26.39 586.46±21.34
1 month after medication 60.37±7.45 781.42±28.42 580.42±16.39
2 months after medication 61.13±8.29 788.46±30.34 582.37±19.82

Table 2. Intergroup Comparison of Oxygen Transport in Blood Before and After Medication (
_
x  ± s)

Group Time RBC (1012/L) HGB (g/L) HCT (%)
GA (n=50) Before medication 4.03±0.31 125.62±12.23 36.85±2.16

1 month after medication 4.36±0.38 137.48±15.42 38.45±2.44
2 months after medication 4.61±0.40 149.82±15.83 41.15±2.49

GB (n=40) before medication 4.05±0.32 123.34±10.15 35.61±2.42
1 month after medication 4.07±0.33 125.74±10.47 35.49±2.46
2 months after medication 4.04±0.30 122.62±11.34 34.16±2.27
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hmannia root, red ginseng and maybush [13, 
14].

Prepared from extracts of these traditional 
Chinese medicines, Fufang Ejiaojiang can 

Figure 3. Intergroup comparison of sports ability. Before medication, the two groups were insignificantly different in 
back strength (A), grip strength (B), deep knee bend (C) and bench press (D) (P>0.05). Compared to GB at 1 month 
and 2 months after medication, these indicators were significantly higher in GA (P<0.05). *P<0.05 vs GB.

Figure 4. Intergroup comparison of sports fatigue. The two groups were not statistically different in CK (A) and BUN 
(B) before medication (P>0.05); at 1 month and 2 months after medication, the two indicators were at higher levels 
in GA than in GB (P<0.05). *P<0.05 vs GB.
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effectively improve the hematopoietic function 
of bone marrow and increase the oxygen sup- 
ply to all cells when the hemoglobin is grad- 
ually heightened, so that the body has better 
tolerance to fatigue and Taekwondo athletes 
can withstand high-intensity training and com-
petition [15, 16].

At 2 months after taking Fufang Ejiaojiang, the 
indicators of antioxidant capacity and oxygen 
transport in the blood were significantly incre- 
ased in GA to levels higher than GB’s, suggest-
ing that Fufang Ejiaojiang can effectively im- 
prove Taekwondo athletes’ antioxidant capa- 
city and oxygen transport in the blood. A study 
also showed that Fufang Ejiaojiang could ef- 
fectively improve the body’s antioxidant capac-
ity, and the antioxidant indicator level of the 
patients combined with Fufang Ejiaojiang was 
superior to that of the control group at 1, 2  
and 3 months after medication [17]. This is be- 
cause donkey-hide gelatin is the main ingredi-
ent of Fufang Ejiaojiang. It contains diversified 
elements, for example, the non-heme Fe2+ whi- 
ch can be absorbed to accelerate blood pro-
duction, and the abundant Fe2+ in hemachro- 
me also contributes to this process. -OH can 
exert influence on the functions and structures 
of proteins, as well as damaged amino acids. 
Moreover, this is also helpful when damaged 
amino acids can no longer maintain the nor- 
mal structure and functions of proteins. By tak-
ing Fufang Ejiaojiang, the level of -OH signifi-
cantly dropped, and the capacity of effectively 
inhibiting the production of -OH in serum was 
enhanced [18]. As an important antioxidase 
and an exclusive scavenger for organisms,  
SOD can scavenge free radicals of superoxide 
anions by reacting with them, and further pro-
tect oxygen that is beneficial to the body. After 
taking Fufang Ejiaojiang, the SOD level rose 
owing to the polysaccharide and total flavo- 
noids from Codonopsis pilosula, and RRPP  
[19]. CAT and GPH-PX are catabolic enzymes  
for superoxides, and mainly used to eliminate 
hydrogen peroxide and lipid oxides. CAT is an 
important enzyme in the biological defense  
system while GSH-PX is a major indicator re- 
flecting the body’s antioxidant capacity. After 
taking Fufang Ejiaojiang, CAT and GPH-PX level 
rose significantly because of the RRPP and  
ginseng extract which can improve the level  
of CAT, scavenge -OH, and protect red blood 
cells. Through heightening the levels of hemo-
globin and red blood cells, Fufang Ejiaojiang 

can significantly increase the content of CAT 
carriers [20]. By synergistic action with CAT, 
GSH-PX can eliminate H2O2 and O2- to avoid  
primary triggering effects and finally effective- 
ly inhibit the production of O2- [21]. By measur-
ing the MDA content, the overoxidation degree 
of lipids can be understood and used to judge 
the degree of cell damage. After strenuous 
exercises, a large amount of MDA will be pro-
duced in our body through metabolism and be 
overoxidated to reduce the functions of cell 
membranes, affect the energy supply in body 
and thus result in lower sports ability. By tak- 
ing Fufang Ejiaojiang, the level of MDA was sig-
nificantly dropped, suggesting that the drug 
could effectively inhibit the production of MDA 
by scavenging the -OH. 

According to the findings in this study, Fufang 
Ejiaojiang can effectively improve the aerobic 
exercise ability, sports ability and sports fati- 
gue status of Taekwondo athletes who, after 
long-term intensive exercise, may be oxygen-
deficient. It is necessary to pay attention to 
their aerobic capacity. As the maximal oxygen 
intake is closely related to the blood oxygen 
transport capacity, and Fufang Ejiaojiang can 
improve oxygen transport in blood, the aerobic 
exercise functions can be enhanced accord-
ingly. A similar study has shown that Fufang 
Ejiaojiang used in athletes’ health care can 
relieve their fatigue after training to a greater 
extent [22]. Enhancement in sports ability can 
be attributed to the high aerobic exercise abili-
ty, RBC and Hemoglobin content in blood, and 
high oxygen transport capacity after taking 
Fufang Ejiaojiang, which effectively buffers the 
large amount of lactic acid produced in anae- 
robic exercise and increase the capability of 
alkali reserve [23]. Sports fatigue is mainly 
reflected through CK and BUN. Both indicators 
were reduced in GA and rose in GB, suggest- 
ing that Fufang Ejiaojiang could reduce the 
fatigue level of athletes after training or avoid 
the accumulation of fatigue during exercise.  
By analyzing the mechanism of action, it was 
found that the synergistic action of various 
ingredients in Fufang Ejiaojiang could supply 
more glycogen energy to patients and compro-
mise the protein metabolism function during 
exercise, so as to delay fatigue onset [24, 25]. 

In conclusion, Fufang Ejiaojiang can significant-
ly improve the antioxidant capacity, oxygen tr- 
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ansport in the blood, aerobic exercise ability 
and sports ability of Taekwondo athletes, and 
reduce sports fatigue status. However, due to 
the limited participants who were Taekwondo 
athletes in this study, the results may be bias- 
ed, and the values of Fufang Ejiaojiang in  
other types of athletes can’t be established. 
Future studies shall include more samples or 
more types of athletes, and wit a perspective 
study to obtain more scientific and representa-
tive conclusions.
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