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Research on determination of BTEX in human whole blood using purge and
trap-gas chromatography-mass spectrometry combined with isotope internal
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ARTICLEINFO ABSTRACT

Keywords: To develop a method to measure simultanesusly the concentration of BTEX (benzene, toluene, ethy henzene, m/
BTEX p-uylene, o-xylene) in human whale blood with Purge and Trap-Gas Chrom atography-Mass Spectrometry. The
Hurman whale blow conditions of purge and trap were optimized, so that the BTEX in human whole blood could be enriched and
Purge and tap desorbed, and then chameteristic fons could be selected with gas chromatography-mass spectrometry combined
Ga chromatography-mass spactramery P fogtaphy- il

with isotope internal standard for qualitative and quantitative analysis. After the parameters of purge and trap
method were optimized, the BTEX in human whole blood could be simultanecusly enriched, desorbed and
measured accurately. The detection limit with this method ranges from 0.001 pg/L to 0,004 ug/L. The Linear
range is from 0.021 pg/L to 10.99pg/L. The recovery rate of low concentration (0687 pg/L) solution is in the
range of 79.21% to B5.92%; the recovery rate of high concentration (2.747 pg/L) solution & in the range of
93.21% to 102.07%. The analysis of the same sample is repeated for six times with its relative standard deviation
ranging from 2.7 to 5.40%. With simple operation, short analysis period, good separation as well as required

Eatope intermal standard

accumcy and pregsion, this method could analysis of BTEX concentration in human whale blood.

1. Intreduction

BTEX (benzene, toluene, ethylbenzene, m/p-xylene, o-xylene) are
important raw materials and solvents in industries of chemistry, med-
icine, pesticide, tanning leather etc. [1-4]. The pollutants benzene,
toluene, ethylbenzene, xylenes (BTEX) represent an important group of
airhorne contaminants [5]. The BTEX have become an important oc-
cupational hazard factor with the features of strong volatility, extensive
existence and easy absorptivity [6]. The BTEX can harm human health
seriously [7,8]. For instance, they can injure the hematological system
and cause teratogenesis as well as cancer [9-11]. Therefore, how to
assess the internal dose of BTEX in human whole blood has become a
hot issue and an urgent problem in environmental medicine.

Compared with water and air samples, human whale blood samples
have very complex mmponents and physical-chemical properties

* Cormesponding author at Shanxi Medical University, Taiyuan, Shanxi 030001
E-mal address: sphigsxmueducn (X Qin).
! These authors have contributed equally to this work.

hitps: //doiorg/ 10,1016/ microc. 2018, 10,038

[12,13]. The interference factors in a series of processes of blood
sampling, storage and testing have to be controlled strictly, so that
reliable and accurate data can be obtained and provided to Centers for
Disease Control. The BTEX in the blood are poisonous organic pollu-
tants even in trace amounts [14], and they have to be tested by tech-
niques with high enrichment efficiency and high sensitivity. Therefore,
Purge and Trap technology(P&T)was adopted in this experiment to
enrich volatile BTEX efficiently in human whole blood. The limit of
detection (LOD) in analysis methods can be reduced, and the organic
salvent and extraction matrix are not needed any more, thus secondary
pollution caused by the interaction of organic solvents and certain in-
gredients in blood samples can be avoided. In this experiment, purge
and trap conditions were optimized, including purge temperature and
time, desarption temperature and time. With its high sensitivity and
extensive application, Chromatography-Mass Spectrometry (GC/MS)

, China.
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has been adopted extensively in analyzing Volatile Organic Com pounds
(VOCs) in water or air [15,16].

The chemical properties of isotope internal standard compounds
and that of target compounds are almost the same, as a result, their
enrichment efficiency, loss degree, and matrix effects in testing agree
completely [17]. Due to the agreement, isotope internal standard
compounds can be used to rectify the testing deviation of analysis
methods.

To date, it has not been reported that Purge and Trap-Gas
Chromatography-Mass Spectrometry (PET-GC-MS) combined with
isotope internal standard was applied to testing the BTEX in human
whole blood. Therefore, the method of PET-GC-MS combined with
isotope internal standard was adopted to measure the BTEX con-
centration in human whole blood. Appropriate instrument conditions
were chosen and optimized in this research. The project provided a
scientific basis for internal dose assessment of BTEX in human body.

2. Materials and methods
2.1. Instruments ond reagents

211, Main instruments

Gas chromatography-mass spectrometer: TSQ QUANTUM XLS
ULTRA 03947 (Thermo Fisher Scientific, USA);, Purge & Trap
Concentrator: Strtum PTC (Tekmar, USAY; Purg & Trap Auto-sampler:
AQUA Tek 100 (Tekmar, USA); DB-624: Flexible quartz capillary tube
chromatographic column (Agilent, USA),

212 Reagnts

Standard mixed solutions of BTEX, 10 mg/L; mixed solutions of five
isotopic internal standard compounds, 200 pg/L: high-purity nitrogen,
with purity = 99.999%; appropriative methanol for wolatile organic
compounds, analytical grade purity, with purity = 99.8%; newly-made
ultrapure water (by Sigma, USA), Antifoam 204, a nonsilicone de-
foamer, with purity = 99.08 (by Sigma, USA).

2.1.3. Gos chromatography-mass spectrometry conditions

Chromatographic column: DB-624 capillary chromatographic
column (30m % 0.25mm % 1.4pum); Column temperature: the initial
temperature was 40°C, lasted for 3 min, rose to 150°C with a speed of
10°C/min, and lasted for 0.5 min, then rose to 210°C with a speed of
15°C/min, lasted for 4min; Split injection, with a split ratio of 20:1;
The temperature of injection port 250°C; Carrier gas: nitrogen
(99.999%); Constant current mode, carrier gas flow: 1.2mL/min; lon
source type: El; lon source temperature: 250 °C; Transmission line
temperature: 280°C; Electran impact energy of mass spectrometer:
70eV [18]; Retention time of each compound was determined with a
full scan model; The value of mass spectra peak was determined with
SIM model, and the selected ions were shown in Table L.

2.1.4. Sample collection and preservation

Blood samples were collected with venipuncture and put into 7 mL
vacuum blood collection tubes, then gently mixed up and down for 20
times so that the crystalline heparin sodium/sodium fluoride inside can
dissolve fully, which minimizes clotting. After sampling, the blood

Table 1
Analysis parameters used to asses BTEX.
Retention time Com pound Quan ion Isotope  Quan jon of sotope
{min) {m/z) {mfz)
4.83 Benzens 78 D 83
690 Taluene 91 D= 97
865 Ehylbenzene 91 Dyg 58
&7 mfpXylene 91 Do 98
S.40 oXylene 491 o, 45
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samples in the vacuum blood collection tubes were gently poured into
5mL brown glass vials so that the vials were completely filled and
tightened with a cap with a white Teflon gasket. Samples were pre-
served at 4°C and analyzed within 10 weeks after sampling.

2.1.5. Standord solution preparation

A certain amount of mixed solution was added o methanol to
prepare the standard series solutions by stepwise doubling dilution. The
standard series solutions with concentrations of 2198, 1099, 549.5,
274.8, 137.4, 68.69, 34.34, 17.17, 8.586, 4,293, Dug/L were made.
Standard series solutions of 2004l was first put into 40 mL sample
bottles, and then was added 5mL of blank blood, 200 L isotope in-
ternal standard compounds, and a drop of defoamer (20 drops for 1 mL)
at the same time, finally added 20 mL of pure water, then shook up and
down for 20 times, at last filled with pure water and sealed the sample
bottles. A standard series of solutions with a gradient of 10.99, 5.495,
2,748, 1.374, 0.6869, 0.3434, 0.1717, 0.08586, 0.04203, 0.02146,
0 pg/L were obtained and then shaken in the ultrasonic oscillator for
1 min before being measured in the instruments [19-21].

2.1.6. Sample determination

Blood samples of 5 mL was first put into 40 mL sample bottles, and
then was added 200y isotope internal standard compounds and a drop
of defoamer at the same time, finally added 20 mL of pure water, then
shook up and down for 20 times, at last filled with pure water and
sealed the sample bottles. The hottles were shaken in the ultrasonic
oscillator for 1 min before being measured in the instruments.

2.1.7. Cakulation formula
The formula of BTEX concentration in blood is as follows:

Ci= Cis x 40/5

In this formula:

Ci: the concentration of compounds measured in actual samples, pg/
L;

Cis: the concentration of compounds measured with standard curve,
pg/L.

3. Results

3.1. Optimization of purge and trap parameters

Inorder to save time and improve efficiency, 11 min was adopted as
the purge time (11-15min is the common purge time). The results
suggested that 40 ml/min was optimum condition for purge flow rate.
Asshown in Fig. 1A

The change trends of individual chromatographic peak areas at
different purge temperatures are shown in Fig. 1B. Purge temperature
of 40°C was finally chosen to prevent protein denaturation.

The results suggested that the change trends of individual chroma-
tographic peak areas at different desorption temperatures are shown in
Fig. 1C. The desorption temperatures of 250°C was chosen to protect
trap and adsorbents.

The change trends of individual chromatographic peak areas at
different desorption time are shown in Fig. 1D. The results suggested
that the chromatographic peak areas increase with the increase of
desorption time in the range of 1-2.5 min; and the chromatogram peak
areas tend to be stable with temperatures time longer than 2.5 min,
Desorption time of 2.5min was chosen to protect adsorbents.

It was verified that the blocking of instruments was significantly
relieved after the cleaning cycle had been conducted for three times. It
was verified that baking for 2 min can cause complete evaporation of
residues. Thus, the baking temperature of 280°C and baking time of
2 min were chosen.
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Fig. 1. Optimization of purge and trap pammeters. A: Effect of purge flow rate on chromatographic peak areas; B: Effect of purge temperature on chromatographic
peak areas; C: Effect of desorption temperatures on chromatogmaphic peak areas; [¥ Effect of desorption time on chromatographic peak ameas.

3.2 Chromatogram of selected ions 3.3 Linear range and detection limit

Fig. 2 is the chromatogram of selected ions in the standard solution A series of standard solutions were prepared as following described
with a concentration of 1.563 pg/L. The results indicate that the five peaks in the experimental method section and were tested in above-men-
have been well separated (m/p-xylene are induded in the same peak). tioned experimental conditions to get a ratio of peak areas between

Relative Abundance

] 1 2 3 4 5 6 7 & 9 10 1" 12

Tine {min}

Fig. 2. Chromatogram of selected ions in the standamd solution. 1: -benzene; 2 -toluene; 3: -ethylbermens; 4: -m-p-xylene; 5 -s-xylene

il
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Tahble I

Linear equations, correlation coefficients and detection limits.
Compound Linear equation Linear range (ug/L) o LOD {ugsL) LOOQ {pg/L)
Benzene Y = 483672X + 0.18972 L0A-10.99 9957 0.002 0.006
Taluena Y = 5.64538X — 0.163331 0ON=109% (L9988 0.003 Q.00
Ethylbenzene Y = 420053X - 0230083 0L0A-10.59 19986 0004 0.013
myp-Kylene Y = 4.09381X — 0098832 L02=109% 9952 0002 0.006
o XYLENE Y = 5.898596X — 0210065 0L0H=105% 09551 0001 0.003

each standard solution. The standard curve of each substance was
plotted with the concentration (ug/L) as the abscissa and the peak area
ratio as the ordinate. The results are shown in Table IL

3.4 Recovery rate and precision

Blank blood samples were taken to prepare two solutions with high
concentration (2.747 pg/L) and low concentration (0.687 pg/L) re-
spectively, which then were tested in the instruments. The recovery
rates were then calculated separately, and the precision of six parallel
samples was cal culated for each concentration. The results are shown in
Table II.

For the analysis of biological samples, relative standard deviation
(RSD) was required to be < 20% and the recovery rate was required to
fall in the range of 70% to 130%. The experimental results corre-
sponded to the above-mentioned criteria, showing that this method can
meet the determination requirements of monitoring and analyzing
ETEX.

4, Discussion

BTEX are the major VOCs found in the environment emitted mainly
from paint manufacturing, chemical and petrochemical industries [22].
BTEX account almost 80% of the total VOCs from petrochemical
emissions [22]. In this study, the method of PET-GC-MS combined with
isotope internal standard was adopted to measure the BTEX con-
centration in human whole blood. Appropriate instrument conditions
were chosen and optimized in this resear ch. Purge and Trap parameters
were optimized including purge flow rate, purge temperature, deso-
rption temperature, desorption time, baking temperature, and baking
ime.

Common purge time ranges from 11 to 15 min. In order to save time
and improve efficiency, 11 min was adopted as the purge time. The
larger the purge flow rate is, the higher the purge efficiency will be.
However, if the purge flow rate is too large, the compounds trapped in
the cold trap will be blown off or blown away, reducing the purge ef-
ficiency. It has been verified that 40 mL/min can maximize the purge
efficiency.

Purge temperature has a greater effect on purge efficiency especially
when highly water-soluble compounds are purged. Raising purge tem-
perature increases purge efficiency and shortens purge time. But too
high purge temperatures will lead to too much water vapor being

Table 1
Recovery rate and precision,
Compaund Background Addition (0687 pg/1)  Addition (2747 ug/L)
value {ig/1)
Recovery BSDN{(%) Recovery RS %6)
ate () rate (W)
Benzene 0.06 B& 402 10235 5.40
Talusna 0.09 =4 i3 95.44 383
Ethylbenzene Q.15 5.9 77 9321 438
myp-Nylene 012 5.8 184 10207 469
o-Xylene 0.08 8.4 403 95.13 501
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purged, which is not condudve to the adsorption of compounds in the
cold trap. What's more, high moisture will result in a decrease in the
separation efficiency of the poler gas chromatographic column and
damage its service life [23]. For VOOs in water, common purge tem-
peratures range from A0 to 50°C. But for VOCs in blood, temperatures
higher than 40°C will lead to deformation of proteins [24], even
blocking the pipes. Therefore, we chose 40°C as the purge temperature.

The higher the desorption temperature is, the higher the purge ef-
ficiency will be [25]. What's more, high desorption temperatures are
conductive to the formation of sharp symmetrical chromatographic
peaks, But if the desorption temperatire was too high, the service life of
trap and adsorbents will be reduced. Common desorption temperatures
range from 200°C to 300°C. It has been verified that the purge effi-
ciency of 250°C was high enough. Therefore, we chose 250°C as the
purge temperature to protect the trap and adsorbents.

The longer the desorption time is, the higher the purge efficiency
will be [26,27]. But overlong desorption time will reduce the service
life of the adsorbents and lead to chromatographic peak tailing.
Common desorption time ranges from 1 to 3 min. It has been verified
that the purge efficiency of 2.5min was high enough. Therefore, we
chose 2.5min as the purge time.

The compositions in blood were complex with a large number of
blood clots and blood cells [28-30]. The transmission lines and solenoid
valves of the purge & trap concentrator were blocked easily with var-
ious substances in the blood. Thus, the blocking of nstruments was
significantly relieved after the cleaning cycle had been conducted for
three times.

With the progress of experiment, there would be more and more
volatile matter remaining in the instrument. A higher baking tem-
perature and a longer baking time should be set to reduce these re-
siduals. The maximum tolerable temperature of the purge tbe is
300°C, and the maximum operating temperature is supposed to be
lower than the tolerable temperature by 20-30 C.

This method can simultaneously determine the concentration of
BTEX in the blood samples. The results are reliable with good separa-
tion, required accuracy and precision. The procedure is simple, rapid,
accurate and sensitive, which can meet the determination requirements
of BTEX concentration in the blood of biological samples.

In conclusion, the method described in present study can simulta-
neously determine the content of BTEX in human whaole blood with PE
T-GC-MS. The results are reliable with good separation, required ac-
curacy and precision. The procedure is simple, rapid, accurate and
sensitive, which can meet the determination requirements of BTEX
content in the blood of biclogical samples.
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Abstract

Through the analysis technology of surface electromyogram, the effect of superoxide dismutase combined with
kneading on elimmating athletes’ fatigue was quantified objectively, and the effect of superoxide dismutase
combined with kneading on eliminating athletes™ fatigue was analyzed effectively. 120 young students of a
exercise university were selected as experimental subjects. Three intervention measures were adopted to the
subjects: mjection of superoxide dismutase, kneading method and combination of superoxide dismutase and
knecading method. According to the different intervention measures, the subjects were divided into three groups
(A, B and C)and a control group. Each group had 30 cxperimental subjects. Among them, group A was injected
with superoxide dismutase, group B was massaged by kneading, and group C was mjection combined with and
kneading. Comparing the results of surface electromyogram of biceps brachn and quadnceps femons in each
group, it can be seen that the increase of contraction time of biceps brachii and quadnceps femoris in group C
was higher than that in group A and B; the absolute value of median frequency, the absolute value of percentage
of change in median frequency, the absolute value of mean power [requency, the absolute value of percentage of
change in mean power frequency and the integral EMG values were significantly lower than those in group A
and B; and the indicators of biceps brachu and quadriceps femoris m group A, B and C were better than those in
control group. It shows that the combination of injection of superoxide dismutase and kneading can effectively
eliminate athlete” s exercise fatigue.

Key words: Surface Electromyogram, Combmation, Kneadmg, Athletes, Exercise Fatigue

El Papel de la Superoxido Dismutasa en el Electromiograma de
Superficie (SEMG) Combinado con Amasamiento para Eliminar la
Fatiga de los Atletas

Resumen

A través de la tecnologia de analisis del clectromiograma de superficic, se cuantificod objetivamente ¢l cfecto de
la superoxido dismutasa combmada con ¢l amasamicento para climinar la fatiga de los atletas, v ¢l cfecto de la
superoxido dismutasa combinada con el amasamiento en la elimmacidn de la fatiga de los atletas se analizo de
manera cfectiva. Se seleccionaron 120 jévenes estudiantes de una universidad de ¢jercicio como sujetos
expenmentales. Se adoptaron tres medidas de intervencion para los sujetos: inyeccion de superoxido dismutasa,
método de amasado y combmacion de superoxido dismutasa y metodo de amasado. Segin las diferentes
medidas de intervencion, los sujetos se dividieron en tres grupos (A, B v C) v un grupo de control. Cada grupo
tenia 30 sujetos expenmentales. Entre ellos, al grupo A se le myectd superdxido dismutasa, al grupo B se le
masajed amasando, y al grupo C se le inyectd y amaso. Al comparar los resultados del electromiograma de
superficie de biceps braquial v cuadriceps femoral en cada grupo, se puede ver que el aumento del tiempo de
contraccion del biceps braquial y cuadriceps femoral en el grupo C fue mayor que en los grupos A y B; El valor
absoluto de la frecuencia media, el valor absoluto del porcentaje de cambio en la frecuencia media, ¢l valor
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absoluto de la frecuencia de potencia media, el valor absoluto del porcentaje de cambio en la frecuencia de
potencia media y los valores EMG miegrales fueron sigmificativamente mis bajos que los del grupo A y B; y los
indicadores de biceps braquial y cuddriceps femoral en el grupo A, B y C fueron mejores que los del grupo
control. Muestra que la combinacion de inyeccion de superdxido dismutasa y amasado puede elimmar
efectivamente la fatiga del cjercicio del atleta.

Palabras clave: Electromiograma de Superficie, Combinacion, Amasamiento, Atletas, Fatiga por Ejercicio

L Introduction

Electromyogram (EMG) refers to the muscle bioelectricity graph recorded by dectromyography, which s
of great significance for evaluating human activities in human-machine system. It is measured by special
clectromyogram or multi-<chamel physiological mstrument [1]. There are three typical waveforms of
electromyogram (EMG) dunng static muscle work: simple phase, mixed phase and interference phase, which
are closedy related to muscle load mtensity [2]. When the muscles are lightly loaded, isolated single
low-amplitude motor unit potentials with a certain interval and a certain frequency appear on the map, ie.
simple phase; when the muscles are moderately loaded, although some arcas can still see smgle motor umit
potentials on the map, the potential of other areas i1s very dense and can not be distinguished, 1.e. mixed phase;
when the muscles are heavily loaded, there are high amplitude potentials with different frequencies, different
amplitudes and overlapping, which are difficult to distinguish, 1.e. mterference phases. Quantitative analysis of
electromyogram 1s rather complicated and must be completed by computer [3]. Commonly used indicators are
mtegral clectromyogram, mean square amplitude, amplitude spectrum, power spectral density function. mean
power frequency and median frequency derived from power spectral density function, ete. [4]. Surface
electromyogram (sEMG) 1s an EMG that records the electnical activity of the whole muscle, nerve conduction
velocity, spinal cord reflex. muscle involuntary movement and so on.

Superoxide dismutase (SOD) i1s an important component of antioxidant enzymes in biological system.
SOD 1s widely distnbuted m microorganisms, plants and animals. SOD 1s an antioxidant metalloproteinase [5],
which can catalyze the disproportionation of superoxide anion radicals to produce oxygen and hydrogen
peroxide, and plays an mmportant role in the balance between oxidation and antioxidation and it is mseparable
from the occurrence and development of many diseases [6].

Kneading 1s a traditional Chinese medicine technique and an mportant one m massage. It 15 mamly a
method to stimulate the muscles or acupoints on the body surface by varnious manipulations of hands, feet or
other instruments, so as to improve the human body” s function, eliminate fatigue and prevent exercise mmjury(7].
Combining superoxide dismutase (SOD) with traditional kneading method, they will certainly learn from and
promote cach other. The climmation of exercise fatigue by kneading method can adjust and maintain the good
mental state of athletes, increase the potential physical fitness of athletes, and achieve the goal of improving
exercise performance [8]. A senies of exercise practices at home and abroad show that the kneading method
plays a more and more active role in adjusting athletes” competitive status, enhancing and exerting athletes’
physical potential and mproving athletes’ competition performance[9]. In addition, with the development of
national fitness campaign, people’s exercise consciousness is gradually strengthened, the time of participating in
various physical exercises 1s also increasing, the mtensity of exercise is increasing, and physical fitness s
mproving, but also accompanted by some fatigue and functional damage. Kneading method can be a good
solution to these problems [10].

At mtemational conferences, we define exerase-mduced fatigue as: the body” s function 1s beyond its own
tolerance, or the body can not maintain the onginal mtensity of exercise. But the difference between exercise
fatigue and nomal fatigue 1= that the main cause of exercise fatigue is excessive exercise, which is a normal
phenomenon. It 1s essentially different from what we usually call disease. As long as the proper rest, exercise
ability can be restored [11]. But we can’ t take 1t lightly. If the body 1s in a state of fatigue for a long time, 1t will
cause excessive fatigue, and then cause damage to the body's function. Therefore, elimmating athletic fatigue of
athletes 1s very necessary.

sEMG is a one-dimensional time series signal recorded from the nerve and muscle system activity guided
by clectrodes on the skin surface. Changes in time and frequency domain characteristics can reflect the
functional status of muscle specifically and sensitively, so it 1s often used to evaluate muscle function. It s
widely used in climical medicine, rehabilitation medicine, ergonomics and exercise science researches [12].
Many studies have found that the signal of sSEMG changes significantly when exercise muscle fatigue occurs:
the power spectrum curve shifts to the left m varying degrees, and the mean power frequency (MPF) of the
frequency domain indicator decreases correspondmngly, while the time domam value increases. Mannion et al.
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studied the changes of sSEMG of lumbar erector muscle duning isometric contraction to fatigue. It was found that
the median frequency of sSEMG decreased with the prolongation of the duration and accorded with the lincar
model. In addition, at the same load level, the slope of the decline of the median frequency was negatively
correlated with the duration of the load. Wang Jian o al. found that under dynamic exercise load, the mean
power frequency of EMG signal n the process of lumbar erector muscle fatigue also decreased linearly under
dynamic exercise condition [13]. Amplitude-Frequency Joint Analysis (JASA) was a field rescarch technique
proposed by Luttmann et al. m 1996, It was a new fangue measurement method considenng both EMG
amplitude and spectrum changes. It was considered that in the dynamic analysis of EMG, the increase of
amplitude accompanied by the decrease of frequency, suggestng muscle fatigue. In this paper, frequency
domain analysis method is used to dynamically analyze the sSEMG signal of the main working muscles of the
athletes who produce exercise fatigue. The ehminating effect of superoxide dismutase combined with kneading
method on athletes” exercise fatigue 1s detected by the changes of each indicator of sSEMG.

2. Materials and Methods
2 I. Research Subjects

120 young athletes aged between 20 and 26 from a exercise raming institute of a exercise university were
selected as subjects. 120 subjects had no mjury history. Their average height and waght were 1.76+0.15m and
T0.12+0.58kg). respectively. The basic siation of the subjects was shown in Table 1.

Table 1. Basic information of the subjects
Number of peoplefnumber  percentage/%s

2122 32 26.7
agefyear 2324 48 40.0

2526 40 353

0 36 30.0

Training period/year =5 40 333
>5 44 367

i <150 64 54.3
Maximumstrengthkg = o 56 46.7

2 2 Experimental Grouping

The experiment was divided into four groups. 120 subjects were randomly divided into expenmental group
A (superosade dismutase injection), expenimental group B (kneading method), expenmental group C
{superoxide dismutase injection combined with kneadmg method) and control group.

2.3 Methads

Thirty subjects participated n each experiment for one month. During the test period of the experimental
group, the subjects required the law of life, rest and movement to ensure the same muscular conditions and
reduce the individual differences among the groups [ 14]. The experimental methods are as follows:

2 4. Experimental Method

Group A: In the experimental period of one month, 0.3% superoxide dismutase (SOD) was injected at 2:00
p-m. every day. The SOD injected was a freeze-dried powder produced by Fupan Huacan Pharmaceutical Co.,
Ltd.

Group B: The biceps brachn and quadnceps femons were massaged by professional masseurs at 7:00 p.m.
every day for one month.

Kneading methods is composed of press-kneading method and kneading method, which can be divided
mto two kinds: press-kncading method and palm-kneading method [15]. According to the kneading method, the
specific operation is as follows:

1. Press-kneading method: placing the ribbed surface of thumb with one hand or both hands on the
operation site. The remaining finger 1s placed on the opposite side orin a comresponding position to assist. Wnist
joint is flexion, thumb and forearm are made active force, then rhythmic press and knead are carried out.
Whether it 1s one-hand thumb kneading or two-hand thumb kneading, its shape is similar to the holding method,
the difference is that the holding method 1s the thumb and the other four fingers on both sides of symmetrical
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force, while the press-kneadmg method is on the thumb side, the remaining finger only plays a role in helping
and assisting [ 16].

2. palm-kneading method: palm-kneading method is divided into single palm kneading method and double
palm press kneading method, the operation is quite different.

Single palm kneading 1s a rhythmic pressing and kneading method with the base of palm focusing on the
operation site, the remaming finger stretches naturally, and forearm and upper arm exert active force; double
palm kneading principle overlaps the palms, increases strength, and places them in the operation site, with the
middle of palm or the base of palm focusing on the shoulder joint as the fulcrum. The upper part of the body
moves forward and backward with small rhythm, and the weight of the upper part of the body will be shified
forward when leaning forward. Through shoulder joint and forearm to hand, rhythmic pressing and kneading
can be produced [17]. Kneading method 1s rigid and flexible, comfortable and easy to be accepted. It has the
dual function of kneading method, and has a high frequency of clinical application. It is suitable for acupoints
on neck, shoulder, medial edge of scapula and all parts of the body. The contact surface of palm kneading
method is larger and the kneading force 1s relatively dispersed. Among them, the single palm kneading method
is relatively weak, mostly used in the bladder mendian and lateral line on both sides of shoulder, upper limb and
spine; while the double palm kneading method is strong and penetrating, suitable for back, waist and lower limb
back [18].

Group C: Dunng the experimental period of one month, 3 ml, 0.3% superoxide dismutase (SOD) was
mjected at the same time every day, and at the same time, the biceps brachii and quadniceps femons were
massaged by kneading.

Control group: No mtervention measures were taken to the subjects.

After a one-month intervention expeniment, all the other subjects performed the pedaling and stretching of
the lower imbs with the maximum strength of 40%, 60% and 80% at the frequency of 3 seconds/ime in sitting
posture. Each group of exercises is fatigued so that it can no longer move at a constant frequency. The sEMG of
subjects in each group was monitored after exercise.

2.5, Experimental Instruments

The four-channel BL-420E biological function experiment system produced by Chengdu Taimeng Science
and Technology Co., Ltd. was used to collect EMG signals of subjects.

YH-1 disposable AgfAgCl skin surface clectrode was produced by Beijing Tianrun Weiye Medical
Equipment Factory. The diameter of the electrode was & mm, and the center of the two cledrodes was 20 mm
apart.

The Megawin analyss system of BIOPAD Company i the United States was used to analyze and process
the collected EMG mmages.

2.6. sSEMG Signal Analysis Method

sEMG signal is usually analyzed by time-domain analysis method. Time-domain analyss is a relatively
simple method of EMG sgnal analysis, but it can not be used under any circumstances. For example, when
muscle contraction force changes, the values of vanance, average EMG and integral EMG will change greatly.
At this time, EMG signals become unstable, so ime domain analysis is no longer used. Therefore, this paper
chooses the frequency domain analysis method to analyze the sEMG signal. The frequency domain analysis is to
transform the time domain signal into the frequency domain signal by Fourier transform, and to analyze the
spectrum or power spectrum of the EMG signal [19]). When muscle contraction force changes, the spectrum or
power spectrum changes httle, and the frequency domam charactenistics obtained by power spectrum are
relatively stable. At present, the commonly used frequency domain charactenstics of EMG signal are mean
power frequency (MPF), median frequency (MF), etc.

The MPF formula of mean power frequency in surface EMG signal 1s as follows:

[ rs(r)dr

fame == 1)

[Ts(r)ar
Where, f isthe frequency, § [f) is the power spectrum curve, df  is the frequency resolution.
The MF formula of the median frequency of sEMG signal is as follows:
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Fea =[5V = _s()dr =05[]s(f)ar 2>

Mean power frequency and median frequency in frequency domaimn analysis are commonly used indicators
to determine muscle movement.

2.7. EM(G Recording

sEMG signal is the same as other bioelecincal signals because of its small signal amplitude and low
signal-to-noise ratio. The biggest noise source 1s 50Hz power frequency mterference. In addition, there are
clectromagnetic radiation interference in the surrounding environment and noise interference in the detection
mstrument. The whole experiment 1s carried out in the shicldmg room. The instrument should also be grounded
and away from the strong electrostatic and electromagnetic fields. The room temperature should be 15-25°C.

2.8 Electrade Placement

In order to effectively detect the role of superoxide dismutase (SOD) combined with kneading m
climinating athletes” exercise fatigue, the biceps brachii and quadriceps femoris were sclected as the main
working muscles of upper limbs and lower limbs. The postion of the surface electrodes was the most prominent
part of the abdominal muscles.

The biceps brachii muscle: the long head originates from the trochanter above the scapular pelvis, the short
head originates from the long coracoid process of the scapula, and the short head converges into the abdomen of
the muscles in the middle of the humerus, then descends to the lower end of the humerus, and the integrated
tendon ends at the radial trochanter and the fasca of the forearm.

Quadnceps femons: is in front of thigh muscle.

Before the test, the hair at the place where the electrodes were placed was shaved with a razor. After
treating the local skin with alcohol cotton ball, the electrodes with conductive were fixed with tape to prevent
the electrodes from sliding or falling off. The ground wire electrode was attached to the upper part of the right
ankle joint.

2.9 Experimental Indicators

(1) Muscle contraction hme

In the process of isomefric static muscle contraction, the longer the muscle fatigue is, the shorter the
contraction time 1s.

(2) Median frequency (MF)

In the process of 1sometric static muscle contraction, with the development of muscle fatigue, the curve of
MF value and time axis decreases limearly. Using the charactenstic of linear change, muscle fatigue can be
judged.

(3) Percentage of change in median frequency

In the process of isometric static muscle contraction, with the progress of muscle fatigue, the percentage of
median frequency change shows a negative slope. The greater the absolute value of the slope 1s, the greater the
tendency of muscle fatigue is.

(4) Mean power frequency (MPF)

In the process of 1somefric static muscle contraction, with the development of muscle fatigue, the curve of
MPF value and time axis decreases linearly. Using its linear change charactenstics muscle fatigue can be
judged [20].

(5) Percentage change of mean power frequency

In the process of isometric static muscle contraction, with the progress of muscle fatigue, the percentage
change of mean power frequency shows a negative slope. The greater the absolute value of the percentage
change is, the greater the tendency of muscle fatigue is.

(6) Integral EMG (IEMG)

Integral electromyogram (IEMG) refers to the total discharges of motor units participating in activities
within a certain peniod of time. That is to say, the value of IEMG reflects to some extent the number of motor
units participating in work and the discharges of each motor unit on the premise that time remains unchanged.

All the data were expressed by mean + standard deviation. Each mdicator was studied by SPSS 10.0
statistical software package and the results were carried out multivariate analyss of variance. P < (.05 indicated
that there was statistical significance and significant difference. When 1t 1s P < (L01, there was significant
difference.
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3. Results
3.1, Contrast Results of Systolic Duration before and after Intervention

sEMG was used to measure the contraction time of biceps brachu and quadniceps femons before and after
mtervention. The results were shown in Tables 2 and 3.

Table 2. Comparison of the contraction time of the biceps muscle of the subject
result{ X +SD)VSec

Group Number of samples/n : ! ; ;

Before intervention After intervention
Experimental group A 30 52.641£7.265 64.185+7.618
Experimental group B 30 52.45646.856 6347147658
Experimental group C 30 52.7166.439 73.58448.625
Control group 30 52.593+7.068 5846247158

Table 3. Comparison of the length of contraction of the quadriceps of the subject
result{ X +SDWSec

R b Before intervention After intervention
Experimental group A 30 63.257+8.236 74.58247.962
Experimental group B 30 62.85648.035 76.9344+7 836
Experimental group C 30 61.86247.052 79.54848.025

Conrol group 30 62.05848.325 70.258+7.586

In Table 2 and Table 3, the control group was compared with each expenimental group and the results had
statistical significance, indicating that the control group and the experimental group had significant differences
m the results; the companson of experimental group C and control group, expenimental group A and
experimental group B had statistical significance, indicating that expenimental group C and other groups have
significant differences; the comparison results of experimental group A and expenmental group B had no
statistical significance, indicating that there was no significant difference between experimental group A and
expenmental group B; the companson results of experimental group A and control group C had statistical
significance, indicating that experimental group A had significant difference with control group and
experimental group C; the comparison results of expenimental group B had statistical sigmficance with control
group and expenmental group C, indicating there were significant differences between experimental group B
and control group and expenmental group C. The longer the contraction time of surface electromyography is,
the greater the fatigue of human muscles is. The results of contraction time indicator showed that the contraction
time of surface electromyogram of subjects in experimental group C was the longest after mtervention, which
indicated that the effect of expenmental group C on elimmating exercise fatigue of biceps brachu and
quadniceps femons was obviously superior to that of control group A and B. The effect of experimental group A
and B on elimmating exercise fatgue of biceps brachii and quadriceps femoris muscles was obviousy superior
to that of control group. The experimental results showed that superoxide dismutase imjection and kneading
could effectively increase the contraction time of athletes’ surface electromyogram, and there was little
difference between the two methods in eliminating athletes’ fatigue. Combinimg superoxide dismutase injection
with kneading method, eliminating athletes’ exercise fatigue was significantly higher than using smgle method
to climinate exercise fatigue. After the intervention of superoxide dismutase injection and kneading, the
contraction time increased sigmificantly, indicating that the time needed for muscle fatigue increased, the degree
of muscle fatigue decreased, and the fatigue state of muscle was elimmated.

3.2 Comparison of Median Freguency before and after Iniervention

The median frequencies of biceps brachii and quadnceps femoris were measured by surface
clectromyography before and after intervention. The results were shown in tables 4 and 5.

Table 4. Comparison of MF values of the biceps of the subject
result{ X +SDWHz/min

e Nuihes of samglcnh Before intervention After intervention
Experimental group A 30 -20.58444.058 -25.684£3.260
Expenmental group B 30 -30.547+3.587 246833325
Experimental group C 30 “30.25943 869 2215862968

Control group 30 -20.96444.256 -27.683:3.6835
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Table 6 and Table 7 showed that there were significant differences between the control group and the
expenmental group, mdicating that there were significant differences between the control group and the
experimental group. The expenmental group C had statistical significance compared with the control group, the
expenimental group A and the experimental group B, indicating that there were significant differences between
the expenimental group C and the other groups; the companson of experimental group A and the experimental
group B had significant differences, indicating that there was no significant difference between expenmental
group A and experimental group B; the comparison of experimental group A and control group C had statistical
significance, indicating that cxperimental group A had significant difference with control group and
expenmental group C; the comparison of expenmental group B with contral group and experimental group C
had statistical significance, indicating there were significant differences between experimental group B and
control group and expenmental group C.

The results of the percentage indicator of median frequency change showed that the exercise fatigue of
biceps brachn and quadnceps femons m experimental group C was obviously better than that in control group
and expenimental group A and B. The exercise fatigue of biceps brachii and quadnceps femons in experimental
group A and B was obviously better than that in control group. From the above expenimental results, it can be
scen that SOD mjection and kneading can effectively eliminate athlete’s exercise fatigue, and there s little
difference between the two methods. Combming SOD injection with kneading method to climinate athlete’s
exercise fatigue 1s obviously higher than using single method to eliminate athlete’s excreise fatigue.

3.4 Comparison of Mean Power Frequency before and after Intervention

The average power frequencies of biceps brachii and quadriceps femons were measured by sEMG before
and after intervention, as shown m tables § and 9.

Table 8. Comparison of MPF values of the biceps of the subject

It{ X £SD)/Hz/mi
G Number of Bm;u ( ) ;\r;n
I samples/n W i . i
mfcrvention mniervention

Eperuning 30 S32.54744.622 -26.054+2.985
group A

Rpetureanl 30 S32.68444.204  -25.14743.158
group B

Rpetnenil 30 3195244052 -23.25443.058
group C

Control group 30 S32.24743954  -28.652+3.321

Table 9. Comparison of MPF values of the quadriceps of the subject

L . m?uIL(.‘A‘ :ESD}JHIJ"mF:
P sampl et ) Bc:iml:f ) Micr_
mtervenhion mtervention

EXpetaoonty) 30 4268245471 -30.528+4.765
group A

EXpecinsalil 30 4508246025  -29.548+4.952
group B

ERperweaty] 30 4423545815 -27.621+4.158
group C

Contral group 30 4352845628  -35.8144+4.528

In Table 8 and Table 9, the control group was compared with each experimental group, and the results had
statistical significance, indicating that the control group and expenmental group results were significantly
different; the comparison of experimental group C with control group, expenimental group A with expenmental
group B had statistical significance, mdicating that experimental group C and other groups had sigmificant
differences; the comparison of expenmental group A with expenimental group B had no significant differences,
indicating that the difference between expenmental group A and expenmental group B was not significant. The
comparison of expenmental group A with control group and expenmental group C had statistical significance,
indicating that experimental group A had significant difference with control group and experimental group C;
the companson of experimental group B with control group and cexpenmental group C had statistical
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significance, mdicating there were significant differences between experimental group B and control group and
expenmental group C.

Mean power frequency is the median of the discharge frequency of muscle fibers durning skeletal muscle
contraction. By companng the results of mean power frequency, it could be seen that subjects in experimental
group C have significantly better effect on eliminating exercise fatigue of biceps brachi and quadriceps femaoris
than those in control group, expenimental group A and expenmental group B. Expenmental group A and
expenmental group B have better effect on eliminating exerase fatigue of biceps brachii and quadniceps femoris.
Compared with the control group, the experimental results show that SOD injection and kneading can
cffectively climinate athletes’ exercise fatigue, and there is little difference between the two methods in
climinating athletes” exercise fatigue. Combining SOD injection with kneading method, eliminating athletes’
exercise fatigue is significantly higher than using angle method to eliminate athletes” exercise fatigue.

3.5, Comparison of Percentage Change of Mean Power Frequency before and after Intervention

sEMG was used to measure the percentage change of mean power frequency of biceps brachii and
quadniceps femoris before and after mtervention. The results were shown in table 10 and 11.

Table 10. Percentage change in MF values of the biceps of the subject
result{ ¥ £SD)/%

Number of 3
Group o Icc;'n Before After
I intervention imtervention
E"P““‘"::w' group 30 4958246325 -37.965£5.025
E"‘P“‘i‘““é“a' group 30 4862846052  -36.685+5.321
E“‘“"“'?‘a' group 30 4912545862 -34.582+4.628
Control group 30 48.95246.152  -41.652+5.638
Table 11. Percentage change in MF values of the quadriceps of the subject
Group Number of result( X 5D )%
samples/n Before intervention A fter intervention
E"P‘”"““:'a' grotp 30 -55.15847.258  -43.12545.915
E"P”mé“a' group 30 SS6.047+6.852 4258446058
E"P”i““’é“a' group 30 55.68447351  -39.482+5.689
Control group 30 -55.96327512  -47.685+6.584

In Table 10 and Table 11, the control group was compared with each experimental group and the results
had statistical significance, indicating that the results of control group and each experimental group were
significantly different; the results of expenimental group C compared with control group and experimental group
A compared with experimental group B had statistical significance, indicating that expenimental group C and
other groups have significant differences; the comparison of experimental group A with expenmental group B
had no sigmficant differences, indicating that the difference between experimental group A and experimental
group B was not significant. The companson of expenmental group A with control group and experimental
group C had statistical significance, indicating that experimental group A had significant difference with control
group and expenimental group C; the comparison of expenimental group B with control group and experimental
group C had statistical sgnificance, indicating there were significant differences between expenimental group B
and control group and experimental group C.

The results of percentage change of mean power frequency show that the exercise fatigue of biceps brachii
and quadriceps femons in expenmental group C was obviously better than that in control group and
expenmental group A and B. The exercise fatigue of biceps brachii and quadniceps femons in expenimental
group A and B was obviously better than that m control group. Through the above experimental results, it could
be scen that superoxide mjection could reduce the exercise fatgue of biceps brachii and quadriceps femons.
Both injection of SOD and kneading can effectively eliminate athlete’s exercise fatigue, and there was little
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difference between the two methods in eliminating athlete’s exercise fatigue. Combining injection of SOD with
kneading, eliminating athlete’s exercise fatigue is obviously higher than using angle method to eliminate
athlete’s exercise fatigue.

After SOD mjection, kneading method and the combination of SOD injection and kneading method, the
absolute values of mean power frequency, percentage change of mean power frequency, median frequency
change percentage and percentage change of median frequency of the expenmental group by using the
combination of SOD injection and kneading method were significantly lower than those of the control group.
Through the analysis of the above expenmental results, it could be seen that the exercise fatigue of biceps
brachii and quadriceps femons was significantly eliminated after the intervention of SOD injection and
kneadng. In the process of muscle fatigue, the power spectrum of sSEMG shifts to low frequency. the propertion
of low frequency increases, the proportion of high frequency decreases, the mean power frequency and median
frequency of charactenstic quantity decrease, and the slope 1s negative when muscle fatigue occurs. Therefore,
the negative slope value of the percentage change of median frequency and the percentage change of mean
power frequency are objective mdicator to measure local muscle fatigue. Meanwhile, the absolute value of the
negative slope of the median frequency, the percentage change of median frequency, the percentage change of
mean power frequency and mean power frequency were also less than that of the control group. It showed that
after the mtervention of SOD mjection and kneading, the decrease of mean power frequency and median
frequency was inhibited, the degree of muscle fatigue was reduced, and the fatigue state of muscle was
climinated. According to the above expenmental results, the combination of SOD mjection and kneading could
effectively climinate athletes’ muscle fatigue. The mechanism of exercise-induced muscle fatigue was extremely
complex. Many physiclogical processes, such as central motor drive, excitation-coniraction coupling of
neuromuscular junction and muscle energy metabolism, were designed. There were causal relationships between
the formation and change of sSEMG signal charactenstics and the physiological processes related to fatigue.
SOD and kneading can climinate excrcise-induced fatigue of muscles.

3.6. Comparison of Percentage Change of IEM(G before and gfter Intervention

sEMG was used to measure the IEMG values of biceps brachii and quadriceps femoris before and after
mtervention. The results were shown in Table 12 and 13.

Table 12 Comparison of IEMG values of the biceps of the subject
result{ X £5D)/Hz/min

Number of
s 3
- samplesn < Bctm‘f After intervention
miecrvention
E"P“r““f;“ﬂ' group 10 0.566£0.053  1.189:+0.086
E"P""‘“:’m' group 30 0.605£0.065 1.158+0.105
E"P"‘““‘::"'a' group 30 0.596+0.075 0.952+0.098
Control group 30 0.638+0.077 1 385+0.135

Tableld. Comparison of IEMG values of the quadriceps of the subject
result( ¥ £SD)/Hz/mmn

Gty e Before intervention After intervention
Expenmental group A 1] (.835H).105 1.2860.103
Experimental group B 30 0.865H).126 1.308+0.095
Expermmental group C a0 0. BETH).096 1.125+0.108

Control group 30 0.806:H).075 1.5260.152

In Table 12 and Table 13, the comparison of confrol group with the each experimental group had statistical
significance, indicating that the results of control group and each experimental group are significantly different;
the companson of expenmental group C with control group, expenmental group A with expenmental group B
had statistical significance, ndicating that expermmental group C and other groups have significant differences:
the companson of expenmental group A with experimental group B had sigmificant differences, indicating that
expenmental group A and expenmental group B had no significant differences. The comparison of expermental
group A with control group and expenimental group C had statistical significance, indicating that experimental
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group A had sipnificant difference with control group and expermental group C; the comparison of
expenmental group B with contrel group and expenmental group C had statistical sigmficance, indicating there
were significant differences between expenmental group B and control group and experimental group C.

IEMG of subjects in each group increases continuously with the increase of fatigue, which was consistent
with previous research results. Therefore, the IEMG of sEMG was selected as an important indicator to evaluate
athletes” exercise fatigue. The IEMG value of measured muscle was significantly increased under vigorous
exercise, while that of control group was larger, and that of expermental group C was smaller. By comparing
the results of IEMG values, it could be seen that subjects m expenmental group C had significantly better effect
on eliminating exercise fatigue of biceps brachii and quadnceps femoris than those m control group,
expenimental group A and experimental group B, and that in expenmental group A and B, the effect of
eliminating exercise fatigue of biceps brachn and quadriceps femornis was obviously better than that in control
group. Through the above expenimental results, it could be seen that injection of SOD and kneadmg can
cffectively elimmate athletes' exercise fatigue, and the effect of using the two methods to eliminate athletes'
exercise fatigue was not much different. Combining injection of SOD and massage method, eliminating athletes'
exercise fatigue was significantly higher than that using a single method to eliminate exercise fatigue.

Through the above expenmental results, it could be seen that there was no statistical significance in cach
indicator of the experimental results of SOD injection and kneading method. It showed that injection of SOD
and kneading method had no sigmficant difference in elimmating athletes’ exercise fatigue of biceps brachii and
quadnceps femons. The man reason was that mjection of SOD and kneading method could effectively
eliminate the exercise fatigue of athletes with specific purpose, which produced close physiological effects.
Therefore, there was no significant difference in statistical results between the two methods.

The above experimental results showed that the SOD injection and kneading could effectively eliminate
athletic fatigue, and there was no significant difference between the two methods i eliminating athletic fatigue.
Combining the two methods, the degree of elimmating athletic fatigue was obviously improved, which could
achieve twice the result with half the effort.

4, Discussion

High-intensity exercise can lead to cell and tissue damage and changes in the structure of some biological
macromolecules, increase the production of free radicals, thereby causing tissue damage and fatigue. There is an
enzymatic system against free radicals in the human body. SOD can accelerate the elimination of free radicals in
the body, so that the body can recover as soon as possible and reduce damage. Exercise-induced fatigue includes
several basic processes: the accumulation of fatigue products of metabolic matnx (accumulation hypothesis); the
depletion of matrix required for exercise (exhaustion hypothesis); the change of physiological and chemical
statc of matrix; and the disorder of regulation and coordination of orgamsm. The mechanism of
exercise-induced fatigue can be divided into two aspects. One is the fatigue cham. The decline of muscle’s
working ability 1s the manifestation of fatigue. In this process, there are a series of hinks which can cause fatipue
from brain to muscle. With the development of research on exercise-mduced fatigue in recent years, the fatigue
chain of nerve-hormone and metabolic-immune regulatory network can be listed. The second 1s catastrophe
theory: because exercise fatigue is a synthesis of many factors, the changes of one or several factors at the same
time will interact, leading to fatigue. So catastrophe theory combines mtracellular energy consumption, muscle
strength decline, muscle excitability and activity changes during exercise. When these factors change to a
certamn extent, in order to protect the body from exhaustion, the form of fatigue 1s shown.

Exercise can make a great change i body metabolism, especially the consumption of oxygen changes with
the change of exercise ime and mtensity, and the production of free radicals also changes accordingly. Studies
have shown that oxygen free radicals are related to the formation of exercise fatigue and mmjury. Skeletal muscle
is a motor organ. As exercise increases 1ts energy consumption, local oxygen consumption and mitochondnal
load of muscle cells, 1t produces a large number of free radicals. Oxygen free radicals consume a large amount
of SOD, increase the loss of antioxidant enzyme system, break the balance between free radicals production and
elimination, and a large amount of lipid peroxide can directly damage the normal structure of muscle cell
membrane and reduce its contractile and diastolic ability. Mitochondrial dysfunction s caused by cell lysis,
which leads to fatigue or injury. The production of free radicals is related to exercise. Exercise can also improve
the body’s many metabolic functions, mprove the body’s adaptability, enhance the motor function, and the
oxidase system agamst free radicals is no exception. SOD is the only enzyme based on oxygen free mdicals.
Oxygen free radicals are mainly produced m the process of water formaton from mitochondrial oxygen
consumption. Therefore, 1t is speculated that there may be a relationship between SOD activity and oxygen
capacity. The activity of SOD in serum increases with the increase of acrobic capacity, which 5 conducive to
scavenging a large number of oxygen free radicals produced by mitochondria during aerobic process. It can be
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mferred that the activity of SOD can reflect the acrobic metabolic ability of athletes to a certain extent, as an
important reference mdicator to measure the acrobic ability. The production of free radicals is closely related to
exercise trainmg, fatigue injury and recovery mechanism. The kneading method 1s a traditional massage method
in China. In exercise trainmg, the combmation of injection of 50D and kneading method can effectively
improve the activity of anti-free radicals enzymes system and athletes’ acrobic metabolism ability, quickly
climinate free radicals generated in the body, and has important practical significance to improve exercise
ability and eliminate exercise fatigue and injury.

5. Conclusions

The decrease of free radical level and the improvement of anti-free radical ability in vivo can prevent the
damage of free radical to the structure and function of cells in vivo, which has positive significance in
eliminating exercise fatigue and improving exercise ability. Functional recovery afier traming s a very
impaortant part of exercise training. It is of great and far-reaching significance to improve the effect of exercise
traming by using scientific, convenient, effective and non-toxic means of recovery after exercise traming. sSEMG
was used to monitor the body condition of athletes after intense exercise, and the effect of SOD combined with
kneading on athletes’ fatigue was detected. The expenimental results showed that the combmation of SOD and
kneading method could effectively increase the contraction time of athletes” muscles, reduce the mean power
frequency, the percentage change of mean power frequency, the median frequency, the percentage change of the
median frequency and the IEMG value of athletes’ sEMG after exercise, and verify the role of combination of
SOD and kneading method on eliminating athletes” exercise fatigue.
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