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A B S T R A C T

Objective: This study aimed to determine the optimal extraction process and examine whether the combination
of Flos Sophorae Immaturus (FSI) and Yupingfeng san (YPS) has a synergistic effect on free radical scavenging
capacity.
Design and methods: The time of immersion and extraction and the ratios (material/solvent) of the combination
of YPS and FSI were optimized on the basis of polysaccharide and flavonoid yields via orthogonal design. The
optimal result was used in the 1,1-diphenyl-1-picrylhydrazyl (DPPH) assay and animal experiments to test the
antioxidant activity, which is reflected by superoxide dismutase, malondialdehyde, glutathione peroxidase, and
total antioxidant capacity serum levels. The optimal extraction process was determined using various ingredients
to obtain complex extracts with high active ingredient content and antioxidant activity. DPPH assay results
showed that the optimized ingredients have antioxidant effects, and the combination had better antioxidation
function than YPS in vitro. The combination also showed synergistic antioxidant activity compared with YPS in
vivo.
Conclusions: The combination of YPS and FSI had a synergistic antioxidant effect in vitro. The optimized extracts
had antioxidant effects in vivo. These results indicated that YPS could be used with FSI to improve its antioxidant
capacity in the body on the basis of free radical scavenging capacity.

1. Introduction

Oxidative stress is caused by excessive free radicals when the body
encounters various external damages or stimulations. Highly active and
unstable molecules such as reactive oxygen species (ROS) and reactive
nitrogen species have a strong oxidation effect. Multiple organ dys-
function and failure are caused by excessive free radicals or the de-
creased ability of scavenging free radicals [1,2]. Many diseases can
cause oxidative stress and accumulation of free radicals, which lead to
lipid peroxidation in the cell membrane, changes in its permeability,
and damage to structural proteins; they react with intracellular nucleic
acids and cause cell death, such as in coronavirus disease 2019 (COVID-
19) [3]. When the accumulation of free radical molecules greatly ex-
ceed the body’s ability to scavenge, the oxidation and antioxidant

system become disordered, further leading to tissue damage and serious
diseases such as cancer, hypertension, and neurological disease. Tra-
ditional Chinese medicines (TCMs) are especially effective on anti-
oxidation on the basis of free radical scavenging capacity, which has the
advantages of high efficiency and low toxicity. Therefore, Chinese
herbal medicine has become one of the focuses in the field of research.

The unopened flower buds of Sophora japonica L. (Leguminosae),
also known as Flos Sophorae Immaturus (FSI), are commonly used as an
antioxidant because of their free radical scavenging, anti-inflammatory,
and antibacterial activities in TCM. FSI contains flavonoids, saponins
and sterols; it is rich in rutin, which is a flavonoid with antioxidant
properties based on free radical scavenging activity.

Yupingfeng san (YPS) is the representative formula of TCM used to
eliminate pathogenic factors. It originated from “Danxi Heart Sutra” in
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the Yuan Dynasty. It is composed of Astragalus mongholicus, Atractylodes
macrocephalaKoidz. and Saposhnikovia divaricata (Trucz.) Schischk.
Studies on the ratio of A. mongholicus, A. macrocephala and S. divaricata
are diverse. The ratio 3:1:1 is documented in the Pharmacopoeia of
People’s Republic of China. A. mongholicus is traditionally used to im-
prove immunity. Pharmacological experiments showed that A. Radix,
the dry roots of Astragalus mongholicus Bge. [A. membranaceus Bge.
var.mongholicus (Bge.) Hsiao] and Astragalus membranaceus (Fisch.) Bge.
have anti-inflammatory, anti-tumor, anti-oxidant, and im-
munoregulatory [4]. The use of Astragalus species can be dated back to
more than two millenniums [5]. This species contains many compo-
nents, such as terpenoids, flavonoids, and polysaccharides. Flavonoids
were discovered as antioxidant constituents from the roots of A. mon-
gholicus which can scavenge free radicals. Rhizoma A. macrocephala
(baizhu in Chinese) has been used as a TCM for approximately 2000
years [6]. Its polysaccharide has remarkable antioxidant activity and
can improve the immune response in chickens [7]. Thus, it is widely
used in the breeding industry in China as a feed additive. S.divaricata
(Trucz.) Schischk, an umbelliferous genus, has been ranked as a top-
grade herb by the Pharmacopoeia of People’s Republic of China which
was reported that S. divaricata has obvious anti-inflammatory, anti-
pyretic, anti-viral, and anti-oxidant effects on its free radical scavenging
activity, and analgesic effects [8,9].

Previous studies have reported the efficacy of modified YPS (MYP)
as an anti-allergy for the treatment of respiratory diseases [10–13].
However, the prescription of FSI and YPS and the identification of their
antioxidant capacity are rarely reported. YPS is widely used to improve
immunity and its antioxidant activity inhibits the generation of free
radicals. Basic theories of Chinese medicine indicate a critical view-
point regarding drug combination. Therefore, in this study, YPS and FSI
were combined to determine the synergistic antioxidant activity.

Water extraction technology is the most commonly used method in
natural product extraction due to its security and low cost. However,
the extract yield of this method depends on various conditions, such as
extraction time, times and solid-to-solvent ratio, which could lead to
differences in the extraction yield and biological activities of the in-
gredients.

YPS is an effective prescription of TCM for the prevention of
pneumonia caused by the new coronavirus (2019-nCoV) in China
[14,15]. The present study investigated the synergistic antioxidant ef-
fects of modified yupingfeng san (MYP), which is composed of FSI and
YPS, and identified the optimal extraction process to obtain the extracts
containing ingredients with high activity. The antioxidant effect of this
process was verified in vitro and in vivo, thereby laying a foundation
for its clinical application.

2. Materials and methods

2.1. Materials

All components of MYP are shown in Table 1. A. mongholicus, A.
macrocephala, FSI and S. divaricata were purchased from Sichuan Ya’an
Huimintang Pharmaceutical Chain Co., Ltd. The authenticity of these
herbal medicines was confirmed by Qiaojia Fan, a professor from the
Department of Pharmacy of Sichuan Agriculture University. Rutin

standard was provided by National Institutes for Food and Drug Control
(batch number: 10080-200707, 92.5 % purity). Aluminum trichloride
was purchased from Tianjin Fuchen Chemical Reagent Factory (batch
number: 20121102, 97 % purity). In addition, 1,1-diphenyl-1-pi-
crylhydrazyl (DPPH, 97 % purity) was purchased from West Asia Re-
agent Co., Ltd. Superoxide dismutase (SOD), malondialdehyde (MDA),
glutathione peroxidase (GSH-Px), and total antioxidant capacity (T-
AOC) ELISA kits were purchased from Nanjing Jiancheng Co., Ltd.

2.2. Experimental design for the extraction yield

An orthogonal array design was used to investigate the effect of four
variables [X1, soaking time, X2, water-to-raw material ratio; X3, ex-
traction time and X4, times (three levels each)] on the basis of poly-
saccharide and total flavonoid contents from A. mongholicus, A. mac-
rocephala, FSI and S. divaricata. The levels of the four variables are
shown in Table 2.

A. mongholicus, A. macrocephala, S. divaricate and FSI samples (the
ratio is 3:1:1:3, a total of 24 g) were extracted in distilled water for
different soaking times, water-to- raw material ratios, extraction time,
and times in accordance with the experimental design. The solvents
were concentrated to 0.8 g raw medicine/mL, added with absolute
ethanol to obtain a final concentration of 80 %, and stored overnight.
Each extract was centrifuged (3500 r/min, 10min). The supernatant
and sediment were taken and stored separately. Then, the precipitation
3 times with absolute ethanol and dissolved in distilled water in a
50mL volumetric flask to obtain the polysaccharide solution. The su-
pernatant was a total flavonoid solution. All experiments were per-
formed in triplicate.

2.3. Determination of the polysaccharide content of the extracts

The total carbohydrate content of the polysaccharide fractions of
the extracts obtained in Item 2.2 was determined using the phenol-
sulfuric acid method [16]. The polysaccharide concentration was cal-
culated using the following linear equation on the basis of the cali-
bration curve (Fig. 1):

= + =y 0.043x 0.107,R2 0.998, (1)

where y is the absorbance and x is the polysaccharide concentration. A
linear relationship of between 2.054 and 13.011 ug/mL is good. The
polysaccharide content was calculated as follows:

⎜ ⎟
⎛
⎝

⎞
⎠

= × ×Polysaccharide content
mg
g

c a v
m (2)

Where c is the polysaccharide concentration in the sample solution, a is
the dilution factor of the sample solution at the time of determination, v
is the total volume of the sample solution, and m is the weight of
medicinal materials.

2.4. Determination of total flavonoid content of the extracts

Total flavonoid contents were measured using a modified colori-
metric method with rutin as the standard. The prepared sample solution
(0.1 mL) was placed in a 10mL volumetric flask, and 60 % ethanol

Table 1
Components included in the modified Yupingfeng san.

Latin name Scientific namea Used part Chinese name

Astragali Radix Astragalus mongholicus Bunge Root Huangqi
Flos Sophorae Immaturus Sophora japonica L. unopened flower bud Huaimi
Atractylodis Macrocephalae Rhizoma Atractylodes macrocephala Koidz. Root Baizhu
Radix Saposhnikoviae Saposhnikovia divaricate (Turcz.) Schischk. Root Fangfeng

a http://www.theplantlist.org.
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solution was used for volume determination and blending. The extract
at 1mL was placed in a 10mL volumetric flask and added with 0. L mL
of AlCl3 (1 mL). Ethanol solution (60 %) was used for volume de-
termination and blending. The absorbance of the mixture was measured
against a blank at 415 nm after 15min. The total flavonoid con-
centration was calculated using the following linear equation on the
basis of the calibration curve (Fig. 2):

= + =y 0.0246x 0.0174, R2 0.9993, (3)

where y is the absorbance and x is the total flavonoid concentration. A
linear relationship between 10 and 22 ug/mL is good. The total flavo-
noid content was calculated as:

⎜ ⎟
⎛
⎝

⎞
⎠

= × ×Total flavonoids content
mg
g

c a v
m

,
(4)

where c is the total flavonoid concentration in the sample solution, a is
the dilution factor of the sample solution at the time of determination, v
is the total volume of the sample solution, and m is the weight of
medicinal materials.

2.5. Measurement of the synergistic antioxidant activities of MYP extracts
in vitro

DPPH assay was performed in accordance with the methods pre-
viously described with some modifications to assess the free radical
scavenging activity of the extracts. In brief, the DPPH solution (0.1 mM
in ethanol, 1 mL) was added into the sample solution (2mL, the

concentration was 0.8 g raw medicine /mL). The mixture was shaken
and kept in the dark for 30min at room temperature, and then the
absorbance of the reaction mixture was determined at 517 nm by a
UV–vis spectrophotometer (UV-2102PC). Ethanol served as the control.
The capability of the DPPH radicals to scavenge was calculated as fol-
lows:

= − − ×Scavenging activity (%) [A (A A )/A ] 100,0 1 2 0 (5)

where A0 is the absorbance of the extracts, A1 is the control absorbance
(ethanol instead of the extracts), and A2 is the absorbance of the
combined reaction reagents (DPPH solution is mixed with ethanol).

The synergistic effect of scavenging activity could be determined by
calculating the SE index. Theoretical scavenging activity was calcu-
lated, as follows:

= ×TSC (%) 100-[(100-ESC ) (100-ESC )/100],1 2 (6)

where ESC1 and ESC2 (Effect of the scavenging capacity) are the
scavenging activity of the two samples. The calculation formula is
shown in Formula (5).

SE could be calculated, as follows [11]:

=SE ESC
TSC

,
(7)

the remaining judgment criteria are as follows: when the SE > 1,
synergy occurs.

2.6. Animal experiment design

Drug was extracted in accordance with Section 1.2.3, and the
polysaccharide and total flavonoid contents in YPS, FSI and MYP were
measured. Then the drug solution was concentrate to achieve a thick
paste, vacuum dried at 50 °C, pulverized and passed through a 100
mesh screen. Subsequently, the sample for animal experiment was ob-
tained.

Healthy male KM mice [No. SCXK (Sichuan) 10-2008], aged 6–8
weeks (weight 20 ± 0.2 g), were purchased from Chengdu dashuo
animal co. LTD and kept in microisolator cages with food and water ad
libitum. The laboratory temperature was 24 °C ± 1 °C with 12 h/12 h
light–dark cycle for acclimatization, and the relative humidity was 40
%–60 %. Before experiment, the mice were allowed to adapt to the
experimental environment for a minimum of 1 week. All experiments
were performed in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals and National
Standard of the People’s Republic of China for Laboratory animal-
Guideline for ethical review of animal welfare. The mice were randomly
divided into five groups (n=10), including normal control (NC) group;
and high-, medium-, and low-dose MYP groups (MYP-H, MYP-M, and
MYP-L), as well as YPS group. From days 1 to 9, the NC group was
treated with normal saline. The YPS group was orally administered with
YPS at a dose of 10 g/kg/bw in accordance with the raw medicine.
MYP-H, MYP-M, and MYP-L groups were orally administered with MYP
daily at doses of 15, 10, and 5 g/kg/bw in accordance with the raw
medicine, respectively. At 24 h after the last administration, all the
animals in each group were sacrificed.

2.7. Measurement of antioxidant activities of the extracts in vivo

At 24 h after the last administration, blood was collected and kept in

Table 2
Factor-Level of MYP.

Experimental Runs Soaking time/h (A) Water to ratio of raw material / g/mL (B) Extraction time/h (C) Times (D)

1 1 12 2 2
2 2 14 3 3
3 3 16 4 4

Fig. 1. The calibration curve of polysaccharides.

Fig. 2. The calibration curve of total flavonoids.
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the refrigerator at 4 °C. The levels of oxidation factors T-AOC, GSH-
Px,SOD, and MDA) in serum were measured using assay kits in ac-
cordance with the manufacturer’s instruction.

2.8. Statistical analysis

All the analyses were carried out in triplicate and all data were
expressed as the mean ± standard deviation. The development of ex-
perimental design and data analysis was performed using SPSS software
version 19.0 (SPSS Inc., Armonk, NY, USA). The significance, adequacy
and reliability of the suggested model between groups were determined
using one-way ANOVA and Duncan’s multiple range tests between
groups using SPSS software version 19.0. Differences with p values of
less than 0.05 were considered statistically significant.

3. Results

3.1. Extraction process optimization

The orthogonal test results are shown in Table 3. R is extremum, and
indicated that the order of the influence of various factors on the
polysaccharide content was C > D>B > A, and the optimal extrac-
tion process was A2B1C3D3. The same was true for the F values of 1.532,
0.274, 59.059, and 44.263, respectively, as well as the total flavonoid
content. The order of the factors affecting the total flavonoid content
was C > D>B > A, and the optimal extraction process was
A1B1C3D3, and the F values were 2.282, 3.139, 47.690, and 48.769,
respectively. As shown in Table 4, each parameter was extremely sig-
nificant (p < 0.01) at various combinations of extraction time and
times but not significant (p > 0.05) at soaking time and water-to- raw
material ratio. The degrees of freedom were both 2. The influence de-
gree of each factor on each active ingredient was the same. Therefore,
A1B1C3D3 was chosen as the optimal extraction process for the animal
experiment, because it saved time and materials.

One-way ANOVA showed an extremely statistically significant var-
iation (p < 0.01) in observed values of each parameter at various
combinations of extraction time and times. However, no significant
difference (p > 0.05) was found in each parameter at soaking time and
water-to-raw material ratio, as shown in Table 5.

The chi-square test showed a correlation (p < 0.05) between
soaking time and water-to-raw material ratio, soaking time and times,
water-to-raw material ratio and soaking time, and water-to-raw mate-
rial ratio and soaking time in the polysaccharide content, as shown in
Table 6. In addition, no correlation (p > 0.05) was observed between
the factors in the total flavone content, as shown in Table 7.

To sum up, the observed values in each parameter changed sig-
nificantly under different combinations of extraction time and times
(p < 0.05). The optimal values of the tested variables, that is, the
optimal extraction process were as follows: soaking time of 1 h, water-
to-raw material ratio 12 g/mL, extraction time of 3 h, and three times.

3.2. Measurement of the antioxidant activities of MYP extracts in vitro

The synergistic antioxidant results of the different concentrations of

Table 3
Experimental values of content of polysaccharide and total flavonoids of ex-
tracts.

Runs A B C D Indexes /(mg/g)

Contents of
polysaccharide

Contents of
total flavonoids

1 2 3 3 1 47.520 76.519
2 1 3 2 3 51.871 84.037
3 3 3 1 2 35.904 76.378
4 1 2 3 2 51.904 87.105
5 3 2 2 1 36.204 69.518
6 2 2 1 3 44.054 73.357
7 3 1 3 3 61.834 91.847
8 2 1 2 2 47.397 80.744

67.0249 1 1 1 1 26.364
K1 43.380 45.198 35.441 36.696
K2 46.324 44.054 45.157 45.068
K3 44.647 45.098 53.753 52.586
R 2.944 1.144 18.312 15.890
k1 79.389 79.872 72.253 71.020
k2 76.873 76.660 78.100 81.409
k3 79.248 78.978 85.157 83.080
r 2.516 3.212 12.904 12.060

K1, K2, and K3 are the means of the first, second, and third levels of this factor
in the polysaccharide content, respectively, whereas k1, k2, and k3 are the
means of the first, second, and third levels of this factor in the total flavonoid
content, respectively. The r is extremum.

Table 4
Variance analysis of polysaccharide content as indexes.

Source SSa dfb MSc F-value P-value

A 39.357 2 19.678 1.532 P>0.05
B 7.029 2 3.514 0.274 P>0.05
C 1517.227 2 758.613 59.059* P < 0.01
D 1137.108 2 568.554 44.263* P < 0.01
Pure error 231.211 18 12.845

a Sum of Squares.
b Degree of Freedom.
c Mean Square.
* Means significance (significance level 0.05).

Table 5
ANOVA of total flavonoid content as indexes.

Source SSa dfb MSc F-value P-value

A 35.954 2 17.977 2.282 P>0.05
B 49.471 2 24.735 3.139 P>0.05
C 751.49 2 375.748 47.690* P < 0.01
D 768.497 2 384.248 48.769* P < 0.01
Pure error 141.820 18 7.879

a Sum of Squares.
b Degree of Freedom.
c Mean Square.
* Means significance (significance level 0.05).

Table 6
Chi-square analysis of polysaccharide content as indexes.

Source H-valuea P-value

A×B 20.564 P < 0.05
A×C 9.237 P>0.05
A×D 12.363 P < 0.05
B×C 9.473 P=0.05
B×D 12.575 P < 0.05
C×D 1.007 P>0.05

a Chi-square values.

Table 7
Chi-square analysis of total flavonoid content as indexes.

Source H-valuea P-value

A×B 6.357 P>0.05
A×C 3.194 P>0.05
A×D 3.551 P>0.05
B×C 3.110 P>0.05
B×D 3.465 P>0.05
C×D 0.290 P>0.05

a Chi-square values.
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YPS and FSI in vitro are shown in Fig. 3. With the increase in both
concentrations, the anti-oxidative effect in vitro changed from antag-
onistic to synergistic. The synergistic effect intensified with increasing
concentration. When the YPS and FSI concentrations were more than 25
and 2.56 ug/mL (P < 0.05), respectively, SE > 1, thereby indicating
that a synergistic antioxidant action possibly existed between the for-
mulas in the DPPH radical-scavenging model. In terms of the dose-effect
relationship, a high FSI concentration (2.56–12.8 ug/mL) led to a
strong synergistic effect. The same was true for YPS (15–75 ug/mL).
The best synergistic effect obtained when FSI and YPS concentration
were 8.96 and 75 ug/mL (P < 0.05), respectively.

The horizontal axis shows the YPS concentration, and the columns
in different colors represent the FSI concentration, respectively (n= 6
absorbance values/group). The values on the same column followed by
different letters were significantly different (p < 0.05).

3.3. Measurement of antioxidant activities of the extracts of MYP in vivo

The polysaccharide and total flavonoid contents in YPS, FSI, and
MYP are shown in Table 8.

Treatment with MYP-M and MYP-L showed significant high ex-
pression levels of T-SOD and T-AOC (P < 0.05). GSH-Px tended to
increase when used at all doses. However, this difference was not sta-
tistically significant. In addition, the T-SOD, T-AOC, and GSH-Px ac-
tivities were higher at the different MYP doses than in the YPS and NC
groups, and the decrease in MDA was clearly mitigated (P < 0.05), as
shown in Fig. 4.

A. Statistical results of T-SOD (n=10 rats/group). B. Statistical
results of MDA (n= 10 rats/group). C. Statistical results of GSH-Px
(n=10 rats/group). D. Statistical results of T-AOC (n=10 rats/
group). The values on the same column followed by different letters
were significantly different (p < 0.05).

4. Discussion

Orthogonal design finds the corresponding orthogonal table in ac-
cordance with the test on the number of factors, i.e., factors on the
number of levels and whether interaction was present. Some re-
presentative points were selected from the comprehensive experiment
on the basis of the orthogonality of the orthogonal table, which could
achieve the equivalent of a large number of comprehensive tests with a
minimum number of tests, The orthogonal design is frequently used

because of its high efficiency, speed, and cost. It considerably reduces
the number of experiments. In the present study, the optimal extraction
process of MYP was obtained via orthogonal design on the basis of
polysaccharide and total flavonoid contents (Table 2).

YPS has antioxidant function; polysaccharide is the active compo-
nent of thisfunction [17,18]. YPS can scavenge ROS, such as superoxide
anion (O2

−), hydroxyl radical (eOH), and hydrogen peroxide (H2O2). It
can also complex metal ions which is necessary for the production of
living oxygen to achieve antioxidant activity in the body [19]. Flavo-
noids have antioxidant properties [20], and can inhibit eOH-induced
lipid peroxidation and nonenzymatic glycosylation [21], which are the
active ingredients of FSI in terms of oxidation resistance [22]. Thus,
polysaccharide and total flavonoid contents were used as indicators
(Table 2) to determine the optimal extraction process of undergoing
redox reactions in different ways in the organisms. The content of the
active ingredient of the extract from the raw material was closely re-
lated to the extraction method. The optimal extraction process could
improve the contents of the active ingredient of the compound com-
pared with other conventional methods. MYP could obtain more poly-
saccharides and total flavonoids than FSI and YPS (Table 8) possibly
due to the “co-dissolution” phenomenon in the extraction process.

Nitroxide can scavenge free radicals in the tissue, thereby protecting
cell macromolecules from oxidative damage. DPPH is a free radical
with relative stability and could attract electrons from antioxidant [23]
or hydrogen atoms. Thus, the determination of DPPH free radical
scavenging activity is based on the reduction of DPPH ethanol solution
in the presence of hydrogen supplying antioxidants which form the non-
free radical form of DPPH-H because of the formation of stable mole-
cules. The assay could accommodate many samples in a short period
and is sensitive enough to detect active ingredients at low concentra-
tions [24]. In the present study, the free radical scavenging capacities of
antioxidant compounds present in extracts were determined to measure
their hydrogen donating ability against reactive nitrogen (DPPH ra-
dical) species. The concluded that the compatibility of the two had a
synergistic effect. MYP exhibited a synergistic antioxidant action in
vitro (Fig. 3). Most antioxidants protect the organisms through redox
reaction by inhibiting the generation of oxygen anions and scavenging
free radicals. Lipid peroxidation is a chain reaction of free radical for-
mation in the lipid parts of cellular membranes induced by the addition
of hydrogen peroxide and/or Cu2+ ions. Flavonoids protect the mem-
brane from the damage and destruction of lipid molecules; suppressed
H2O2− provokes changes in cell membrane elasticity and its morpho-
logical properties [25]. Flavonoids scavenge free radicals, inhibit the
lipid peroxidation induced by hydroxyl radicals, and reduce the trans-
mission of automatic oxidation chain reaction to exert antioxidant ef-
fect on the body and protect the structure and function of cell mem-
brane [25]. Polysaccharides can act as electron or hydrogen donors to
scavenge hydroxyl radicals [26]. They can also directly remove ROS
and complex the metal ions necessary for the ROS production to
achieve the antioxidant effect of the organisms. In the present study,
MYP could significantly improve the antioxidant function in mice
(Fig. 4). The antioxidant activity of FSI and YPS was probably through
the polysaccharides and total flavonoids, and their combination could
contribute to the easy dissolution and absorption of the effective in-
gredients. The total flavonoids in S. japonica have antioxidant and renal
protective functions [20,27], and rutin could protect against ultraviolet
B radiation through the alteration of microRNA expression [28].

ROS contain O2
−, H2O2, and OH−, which are produced during

various cellular aerobic metabolisms as by-products of many enzyme
reactions in the mitochondrial respiratory chain [29]. They are highly
reactive molecules containing oxygen and modify DNA and proteins
[30]. SOD, GSH-Px and catalase (CAT) are important antioxidant en-
zymes that can adjust the balance in biological systems [31].ROS are
balanced by the antioxidative defense system, which include SOD, CAT
and GSH-Px under normal conditions. When an imbalance between
oxidants and antioxidants occurs, oxidative stress is reached [32]. SOD

Fig. 3. Synergy results of antioxidant activities of the extracts in vitro.

Table 8
The concentration of the active ingredient.

Group Polysaccharide content (mg/g) Total flavonoid content (mg/g)

MYP 82.15 91.87
FSI 6.41 60.47
YPS 21.54 1.50
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and GSH-Px protect the cell from oxidative damage by removing ex-
cessive MDA and ROS [33]. The antioxidant process of the effective
components of YPS and FSI in tissues is shown in Fig. 5.

Virus infection could cause ROS release, which leads to oxidative
stress in the body and increases the sensitivity of host cells to pre-oxi-
dative factors, resulting in extensive damage; it activates phagocytes
and releases pre-oxidative cytokines, such as IL-1 [34]. Influenza viral
infection could lead to the destruction of body’s oxidative balance,
thereby damaging the tissues and cells via oxidative stress and resulting

in changes in cell membrane structure and enzyme inactivation, which
is conducive to the release of influenza virus [35]. The mechanism of
COVID-19 is organ damage caused by a large amount of free radicals
produced by an extreme immune response [3,36]. YPS could prevent
and cure influenza virus [37]; it has been recognized as a promising
antiviral drug against RNA viruses (including influenza virus) [38]. YPS
inhibits the replication of influenza virus and inactivates the virus [39].
Rutin could inhibit influenza virus by affecting the monooxygenase
activity [40], and it is widely found in flavonoids. MYP may resist

Fig. 4. The influence of antioxidant indexes in mice serum.

Fig. 5. The diagram of tissue antioxidant process.
Symbols represent the reactions of different substances in the body.
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COVID-19 by scavenging free radicals and improving the antioxidant
activity of the body to protect the tissues. Therefore, the combination of
YPS and FSI may be used to treat viral infections on the basis of free
radical scavenging capacity.

In conclusion, the results indicated the therapeutic potential of MYP
on the basis of free radical scavenging capacity in vitro and in vivo.
MYP may have a promising potential as a new antioxidant prescription.
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