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Abstract [Objective] The paper was to explore the immunoprotection effects of Radix Pseudostellariae fibrous root extraction (RPFRE) on experi-
mental mice and its relationship with antioxidant function. [Method] KM male mice were randomly divided into 4 groups based on RPFRE gradient
concentration, and the immune function indexes and antioxidant indexes of mice were determined at 14 d post intragastric administration of RPFRE.
The remaining mice in the experimental group were intraperitoneally injected with cyclophosphamide (CY) from the 15" to 17" day, and samples
were collected to determine the above indexes on the 18" day. [Result] Intragastric administration of RPFRE for 14 d improved the spleen index,
thymus index, T/B cell stimulation index and total antioxidant capacity (T-AOC) of normal mice, and extremely increased the thymus index and T-
AOC (P<0.01). The T-AOC had extremely positive correlation with the spleen index, thymus index and B cell stimulation index (P<0.01), and had
significantly positive correlation with the T cell stimulation index (P<0.05). From the 15" to 17" day of the experiment, the immune function indexes
and antioxidant indexes of mice decreased and the malondialdehyde (MDA) content increased. The experimental groups of 0.1, 0.2 and 0.4 g/kg
RPFRE promoted the immunoprotection and antioxidant effect of mice. RPFRE concentration had extremely positive correlation with 4 indexes of
immune function and antioxidant indexes T-AOC and SOD (P<0.01), but had extremely negative correlation with MDA  (P<0.01). There was a signifi-
cantly positive correlation between immune function indexes and antioxidant indexes of mice after CY intervention (P<0.05 or P<0.01). [Conclu-
sion] RPFRE can improve the immune function indexes and antioxidant indexes of normal mice and immunosuppressed mice and has immunopro-

tection effect on immunosuppressed mice, and there is a significant correlation between immune function indexes and antioxidant indexes of mice.
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adix Pseudostellariae fibrous root
R (RPFR) is the lateral root and

tail root of Radix Pseudostellari-
ae, accounting for about 10%-15% of the
dry root weight of Radix Pseudostellariae.
It is easy to obtain RPFR raw material for
traditional Chinese medicine after dried
processing. Radix Pseudostellariae is the
dry tuber of Pseudostellaria heterophylla
(Miq.) Pax, belonging to Caryophyllaceae,
which was first recorded in Bencao Con-
gxin (New Compilation of Materia Medica)
in the Qing Dynasty, and is mainly pro-
duced in Fujian Province!”. Zherong county

is also known as "The hometown of Radix
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Pseudostellariae in China", with a long
history of cultivation and utilization of
Radix Pseudostellariae. Modern studies
have found that Radix Pseudostellariae
has both medicinal and nutritional effects,
which is rich in polysaccharides, saponins
and other medicinal components™, and has
the functions of invigorating the spleen
and benefiting the lung®, anti-oxidation™,
anti-inflammatory, enhancing immunity@
and intestinal flora probiotics!.

Immunity enhancement and antioxi-
dant stress are the key factors to evaluate
the health status of the body. A variety of

Chinese herbal medicines and their ex-
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tracts have been applied to the study of
immune function and antioxidant effect in
clinical practice. Zhao et al.™ found that
both A stragalus membranaceus and Lycium
chinense can significantly improve the
immune function and antioxidant effect of
experimental animals. Kong et al.® reported
that the extract of Radix Pseudostellariae
had antioxidant effects in vitro. Feng et al"
put forward that Radix Pseudostellariae
polysacchride injection had protective ef-
fect on immunosuppressed mice induced
by cyclophosphamide. The authors had
reported that the extracts of Radix Pseu-
dostellariae  had immune-enhancing and

antioxidant effects!"~1?!

. Meantime, Zeng
et al.™ found that RPFR saponin can im-
prove the immune function and OVA im-
munogenicity of mice and enhance the im-

mune response ability of mice to OVA, play-
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ing an immune adjuvant role. Du et al.
reported that RPFRE could increase the
levels of immunoglobulin and complement
in mice to varying degrees, and simulta-
neously improve the serum antioxidant in-
dexes of mice. However, studies on the
immune function of normal and immuno-
suppressed mice and the relationship be-
tween immune function and antioxidant
effect of RPFRE have not been reported.
In this study, KM male mice were select-
ed to study the immunoprotection effect
and its relationship with antioxidant func-
tion of RPFRE at different gradient con-
centrations (0, 0.1, 0.2, 0.4 g/kg), which
would provide more valuable scientific
reference for the extensive application of
Radix Pseudostellariae in animal health

care.

1 Materials and Methods

1.1 Materials

1.1.1 RPFRE. RPFRE was provided by
the research and development center of
Fujian Beidi Pharmaceutical Co., Ltd. The
raw materials of RPFR were collected
from the main producing areas of Radix
Pseudostellariae in Zherong County, Fujian
Province. Polysaccharides and saponins
are the main components of RPFRE.

1.1.2  Animals. Clean-grade male KM mice,
3 -4 weeks old and weighing (20 £2) g,
were purchased from the Experimental
Animal Center of Fujian Medical University.
1.1.3  Main reagents and instruments.
ConA, fetal bovine serum, RPMI1640 cul-
ture solution, lipopolysaccharide (LPS),
Hank’s balanced salt solution (HBSS),
methyl thiazolyl tetrazolium (MTT), dimethyl
sulfoxide (DMSO0), cyclophosphamide (CY),

Tab.l Experimental design

total antioxidant capacity detection Kkit,
superoxide dismutase test kit, malondi-
aldehyde test kit.

CO, incubator, X-22R desktop high-
SE202F

electronic balance, ultra-clean table, Infi-

speed refrigerated centrifuge,
nite M200 Pro multifunctional microplate
reader, etc.

1.2 Methods

1.2.1 Grouping and treatment of animals.
A total of 160 clean-grade male KM mice
were adaptively fed for 5 d, which were
randomly divided into 4 groups based on
RPFRE gradient concentration (0, 0.1, 0.2
0.4 g/kg), with 40 mice in each group.
The trial lasted 17 d, and the details are
shown in Tab.1. Male KM mice were ad-
ministered intragastrically with different
concentrations of RPFRE from the 1% to
14" day. On the 15" day, samples were
collected to determine the immune func-
tion indexes (spleen index, thymus index,
T/B cell stimulation index) and antioxi-
dant indexes (T-AOC, SOD, MDA). The
remaining mice in the experimental group
were intraperitoneally injected with cy-
clophosphamide (CY) from the 15" to 17"
day, and samples were collected to deter-
mine the above indexes on the 18" day.
Mice were allowed ad libitum to feed and
drinking water during the test, and their
weights were recorded. All mice were un-
der the same management conditions.
1.2.2 Determination of immune organ in-
dex. On the 15" and 18" day of the test,
10 mice were randomly selected from
each group for each experiment and
weighed, and the mice were executed by
cervical dislocation method. The spleen

and thymus of mice were weighed respec-

Drug Dose//g/kg Time of intragastric administration  Time of CY intraperitoneal injection
RPFRE 0.0 The 1* to 14" day The 15" to 17" day
RPFRE 0.1 The 1% to 14" day The 15" to 17" day
RPFRE 0.2 The 1% to 14" day The 15" to 17" day
RPFRE 0.4 The 1* to 14" day The 15" to 17" day

tively. The specific calculation methods of
spleen index and thymus index were as
follows.

Organ index=Organ weight (mg)/Body
weight (g)
1.2.3 Determination of T/B cell stimula-
tion index
1.2.3.1

cyte suspension. Five mice from each ex-

Preparation of splenic lympho-

perimental group were executed by cervi-
cal dislocation method, and the spleen
was aseptically collected and placed in a
sterilized mortar. After grinding, the sam-
ple was added with 3.75 mL of Hank’s
solution, mixed, and filtered to develop
single spleen cell suspension. The sus-
pension was rinsed with Hank’s solution
for 3 times, centrifuged at 1 500 r/min for
5 min, and added with 2 mL of RP-
MI11640

taining 10% fetal bovine serum. After

(complete culture medium) con-

vortex mixing and counting, the solution
was adjusted to 7.5x10° cells/mL cell di-
lution for splenic cell proliferation.

1.2.3.2 Determination of splenic lympho-
cyte proliferation. Each well of a 96-well
cell culture plate was added with 100 pL
of the above spleen cell suspension, and
the blank wells were added with 100 pL
of RPMI1640 complete culture medium.
The test wells were added with 100 L. of
ConA (final concentration 5 pg/mL) and
100 pL of LPS (final concentration 10
pg/ml). The spleen lymphocyte of each
mouse had four replicate wells. After cul-
tured in 5% CO, incubator for 44 h, each
well was added with 50 pL of MTT solu-
tion, followed by 4 h culture and centrifu-
gation at 1 000 r/min for 5 min. After the
supernatant was discarded, each well was
added with 150 pl of DMSO, and the
plate was oscillated at low speed for 5 min.
After zero setting with reagent blank well,
the absorbance of each well was deter-
mined at the wavelength of 570 nm, and

the T/B lymphocyte stimulation index was
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calculated.

T/B lymphocyte stimulation index =
OD value of test well/OD value of blank
well.
1.24 Collection of blood samples and
determination of antioxidant indexes. The
blood samples of mice were collected by
enucleation and centrifuged at 3 000 r/min
for 10 min. The serum was collected and
stored at =20 “C. The T-AOC, SOD and
MDA in the serum were detected accord-
ing to the instructions and requirements of
the kit, and the values were calculated.
1.3 Statistical analysis All data were
analyzed by ANOVA via SPSS 25 soft-
ware, and multiple comparison analysis
and index correlation analysis were per-
formed by LSD method. The results were
expressed as mean + standard deviation.
P <0.05 indicated significant difference
and P<0.01 indicated extremely signifi-

cant difference.

2 Results and Analysis
2.1 Effects of RPFRE on
function indexes of normal mice As
shown in Fig.1 (A-1, B-1), RPFRE im-

proved the spleen index and thymus index

immune

levels of normal mice at 14 d post intra-
Compared with 0
g’kg RPFRE, 0.1-0.4 g/kg RPFRE signif-
icantly increased the thymus index of
(P<0.05); 0.1 g/kg RPFRE signifi-

cantly increased the spleen index of mice

gastric administration.

mice

(P<0.05); there was no significant increase
in spleen index with the increase of
RPFRE concentration (P>0.05), while the
concentration of RPFRE significantly af-
fected the thymus index of normal mice.
As shown in Fig.1 (C-1, D-1), RPFRE im-
proved the B cell stimulation index and T
cell stimulation index of normal mice at
14 d post intragastric administration. 0.1
g/kg RPFRE increased the B cell stimula-
tion index of normal mice; 0.1 and 0.2
g/kg RPFRE significantly increased the T

cell stimulation index of normal mice
(P<0.05); and RPFRE significantly affect-
ed the T cell stimulation index of normal
mice.

2.2 Effects of RPFRE on
function of immunosuppressed mice
As shown in Fig.1 (A-2, B-2), the thymus

index and spleen index decreased after

immune

intragastric administration of RPFRE in
normal mice for 14 d and CY immuno-
suppression. 0.1 =0.4 g/kg RPFRE ex-
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tremely improved the thymus index and
spleen index of immunosuppressed mice
(P<0.01). The thymus index and spleen
index were dose-dependent on the con-
centration of RPFRE, and the concentra-
tion of RPFRE had significant effect on
the immune organ index of immunosup-
pressed mice. According to Fig.1 (C-2, D-2),
compared with 0 glkg RPFRE, 0.1-0.4 g/kg
RPFRE improved the B cell stimulation

index and T cell stimulation index of im-

2.4 r

B-1
20 )0
g
= 16
3
g 1.2
5 0.8
9
& 0.4
0 J
0 0. 0.2 0.4
g/kg
2.0
b i =
216 b
g
E; 1.2 F
=
2 0.8 |
E§ 0.4 F
= 0 .
0 0. 0.2 0.4
g/kg
2.0 oo -
1
o0
F, L6 |
= 12}
g
- 08t
3
=04 F
0 J
0 0.2 0.4
g/kg
5.0
5 D-2
£ - M
5
E 3.0 F
=
S 20}
i; L0 F
= 0 | | | .
0 0.1 0.2 0.4

g/kg

Fig.1 Effect of RPFRE on immune function indexes of mice
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munosuppressed mice, and had a certain
dose dependence on the concentration of
RPFRE. The concentration of RPFRE sig-

nificantly affected the proliferation of
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spleen lymphocytes in immunosuppressed
mice. RPFRE showed a certain immuno-
suppressive protection effect on immuno-
suppressed mice.

160  pq

. - [

80

SOD /I U/mL

40 F

g/kg

140 1 5y

120 + s B
100 F 7
80
60 +

SOD /| U/mL

40

g/kg

Fig.2 Effects of RPFRE on antioxidant indexes of normal mice

mice at 14 d post intragastric administra-
tion. Compared with 0 g/lkg RPFRE, 0.1-
0.4 g/kg RPFRE extremely increased the
T-AOC activity of normal mice (P<0.01),
while 0.1 g/kg RPFRE only significantly
increased the SOD activity of normal mice
(P<0.05). The increase of RPFRE concen-
tration had no significant effect on SOD
activity, but slightly decreased the SOD
activity (P>0.05). As shown in Fig.2 (C-1),
only 0.1 g/kg RPFRE reduced the MDA
content of normal mice after intragastric
administration, while 0.2 and 0.4 g/kg
RPFRE increased the MDA content, but
there was no significant difference be-
tween three experimental data and the da-
ta of 0 g/kg RPFRE (P>0.05). Intragastric
administration of RPFRE increased the
T-AOC and SOD activity in the serum of

normal mice, but had no significant im-

pact on MDA content.

2.4 Effects of RPFRE on antioxidant
indexes of immunosuppressed mice
(A-2 and B-2), the

serum T-AOC and SOD activity of normal

As shown in Fig.2

mice decreased significantly after intra-
gastric administration of RPFRE in nor-
mal mice for 14 d and CY immunosup-
pression (P<0.05). 0.1-0.4 g/kg RPFRE
extremely increased the T-AOC and SOD
activity of immunosuppressed mice (P<001).
T-AOC had a certain dose dependence on
RPFRE concentration. There was no sig-
nificant difference in SOD activity be-
tween 0.2 and 0.4 g/kg RPFRE  (P>0.05),
and the concentration of RPFRE signifi-
cantly affected T-AOC and SOD activity
of immunosuppressed mice. As shown in
Fig.2 (C-2), compared with 0 g/lkg RPFRE,
0.1 -0.4 g/kg RPFRE extremely reduced

2.3 Effects of RPFRE on antioxidant
indexes of normal mice
Fig.2 (A-1, B-1), RPFRE improved the
serum T-AOC and SOD activity of normal

As shown in
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the MDA content of immunosuppressed
mice (P<0.01), and it had a certain dose de-
pendence on RPFRE concentration. RPFRE
concentration significantly decreased the
MDA content of immunosuppressed mice.
RPFRE enhanced the antioxidant activity
of immunosuppressed mice.

2.5 Correlation analysis of immune
function and antioxidant effect of mice
induced by RPFRE The correlation
analysis results of immune function in-
dexes and antioxidant indexes of normal
mice at 14 d post intragastric administra-
tion are shown in Tab.2. The results
showed that the thymus index and T-AOC
of normal mice were extremely positively
correlated with RPFRE concentration (P<
0.01), and the correlation coefficients were
0.821 and 0.649, respectively. There was

an extremely positive correlation between
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Tab.2 Correlation analysis of immune indexes and antioxidant indexes of normal mice
Index Spleen index Thymus index T cell stimulation index B cell stimulation index T-AOC SOD MDA
Spleen index 1
Thymus index 0.181 1
T cell stimulation index 0.434™ 0.098 1
B cell stimulation index 0.259 -0.049 0.028 1
T-AOC 0.509" 0.466™ 0.333" 0.414™ 1
SOD 0.226 -0.407 -0.198 0.178 0.054 1
MDA -0.115 -0.027 0.084 -0.106 -0.140 -0.263 1
EFRPH concentration 0.214 0.821" 0.223 0.248 0.649™ -0.158 0.255
Note: “ and ™ represent significant difference and extremely significant difference at 0.05 and 0.01 levels, respectively; the same below.
Tab.3 Correlation analysis of immune indexes and antioxidant indices of immunosuppressed mice
Index Spleen index ~ Thymus index T cell stimulation index B cell stimulation index ~ T-AOC SOD MDA
Spleen index 1
Thymus index 0.579" 1
T cell stimulation index 0.829" 0.570™ 1
B cell stimulation index 0.748™ 0.614™ 0.798™ 1
T-AOC 0.700™ 0.661" 0.788™ 0.710" 1
SOD 0.676™ 0.453" 0.677" 0.541" 0.621" 1
MDA -0.641" -0.370" 0.751" -0.626" -0.734" -0.527" 1
EFRPH concentration 0.860" 0.659™ 0.892" 0.903™ 0.812" 0.649™ -0.685"
spleen index and T cell stimulation index pressed mice (P<0.01), and had negative suppression.

of normal mice (P<0.01), and the correla-
tion coefficient was 0.434. T-AOC of nor-
mal mice had a positive correlation with
spleen index, thymus index, T-cell stimu-
lation index and B-cell stimulation index,
and the correlation coefficients were 0.509,
0.466, 0.333 and 0.414, respectively,
(P<0.01). The results showed that there
was a positive correlation between total
antioxidant capacity and immune function
of normal mice after intragastric adminis-
tration of RPFRE.

The correlation analysis results of
immune function indexes and antioxidant
indexes of mice after intragastric adminis-
tration of RPFRE for 14 d in normal mice
and CY immunosuppression are shown in
Tab.3. The results showed that the con-
centration of RPFRE had significant cor-

relation with the indexes of immunosup-

correlation with MDA content. The spleen
index and thymus index of immunosup-
pressed mice were positively correlated
with T cell stimulation index and B cell
stimulation index (P<0.01). The antioxi-
dant indexes T-AOC and SOD of immuno-
suppressed mice had extremely negative
correlation with MDA content (P <0.01).
There was an extremely significant corre-
lation between immune function indexes
and antioxidant indexes of immunosup-
pressed mice (P<0.01), and there was a
negative correlation between immune
function indexes (except T cell stimulation
index) and MDA content. The results
showed that there was a significant corre-
lation between the immune function in-
dexes and antioxidant indexes of mice af-

ter intragastric administration of RPFRE

in normal mice for 14 d and CY immuno-

3 Discussion

Thymus and spleen are important
immune organs. Thymus index and spleen
index can directly reflect its immune
function, and proliferation of spleen cells
also reflects the body’s humoral immunity
and cellular immunity level to a certain

extent "l Intragastric administration of

RPFRE for 14 d significantly increased
the thymus index of normal mice (P<0.05),
and there was an extremely positive cor-
relation between spleen index and T cell
stimulation index (P<0.01). After intragas-
tric administration of RPFRE in normal
mice for 14 d and CY immunosuppres-
sion, the thymus index, spleen index and
splenic lymphocyte proliferation decreased
in immunosuppressed mice. With the in-

crease of the concentration of RPFRE, the
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index values were increased and im-
proved, showing a certain immunosup-
pressive protection effect on immunosup-
pressed mice. The results indicated that
RPFRE increased the immune capacity of
normal mice and immunosuppressed mice,
and there was a certain dose and concen-
tration dependence on RPFRE for im-
munosuppressed mice.

In antioxidant studies, oxygen free
radicals can be produced by enzyme sys-
tem and non-enzyme system in body
metabolism, which easily leads to lipid
peroxidation reaction of cell membrane
and produces MDA and other substances,
triggering the body’s cell metabolism dis-
orders and biological barrier, and causing
or inducing the symptoms of inflammation
or damage of body tissues. Therefore, the
antioxidant level of the body’s defense
system plays a vital role. Studies have
proved that serum T-AOC, SOD and MDA
can reflect the balance between oxidation
and antioxidant in the body™, and MDA,
as a landmark product of lipid peroxida-
tion, can directly reflect the level of ox-
idative stress in the body. The results
showed that RPFRE significantly im-
proved the T-AOC of normal mice after
intragastric administration for 14 d (P<0.05),
and T-AOC had significantly positive cor-
relation with immune function indexes in-
cluding spleen index, thymus index, T cell
stimulation index and B cell stimulation
index. The serum T-AOC and SOD activity
of immunosuppressed mice significantly
increased after intragastric administration
of RPFRE in normal mice for 14 d and
CY immunosuppression, and the MDA
content decreased remarkably. The spleen
index and thymus index of immunosup-
pressed mice were positively correlated
with T cell stimulation index and B cell
stimulation index, respectively. The an-
tioxidant indexes T-AOC and SOD were
negatively correlated with MDA, and the

immune function indexes of immunosup-
pressed mice had significant correlation
with antioxidant indexes (P<0.01). The re-
sults showed that RPFRE increased the
activity of antioxidant enzymes in normal
mice and immunosuppressed mice, re-
duced the level of lipid peroxidation, and
protected cells from oxidative damage. In
addition, after CY immunosuppression in
normal mice, the activity of serum antiox-
idant enzyme decreased significantly, and
MDA content increased significantly, in-
dicating that CY led to the decrease of
antioxidant capacity and the increase of
peroxidation in immunosuppressed mice.
Combined with the reduction of immune
function indexes of immunosuppressive
mice, it showed that CY had a bilateral
inhibition of immune function and antiox-
idant effect of immunosuppressive mice.
RPFRE improved the immune function
index and antioxidant index of normal
mice and immunosuppressed mice, which
had positive effect on the total antioxidant
capacity and immune function of normal
mice, and had an immunoprotection effect
on immunosuppressed mice. The immune
function indexes were significantly corre-
lated with antioxidant indexes, indicating
that RPFRE was closely related to antiox-
idant function, redox equilibrium and im-
mune function of mice, and antioxidant
function mutually interacted with immune
function. The results will provide some
basic data support for further study on the
mechanism of RPFRE in interaction be-
tween immunity and antioxidant in the
body in the future, and also provide a new
idea for RPFRE to enhance immunity by

enhancing antioxidant level of the body.

4 Conclusions

RPFRE significantly increased the
thymus index and T-AOC of normal mice
after intragastric administration for 14 d

(P<0.05). The spleen index was positively

correlated with T cell stimulation index
(P<0.01). T-AOC was positively correlated
with spleen index, thymus index, T cell
stimulation index and B cell stimulation
index, respectively. Intragastric adminis-
tration of RPFRE in normal mice for 14 d
and CY immunosuppression significantly
increased the thymus index, spleen index,
B cell stimulation index and T cell stimu-
lation index of immunosuppressed mice
(P<0.01). In addition, it was dose-depen-
dent with RPFRE, and the T-AOC and
SOD activity of immunosuppressed mice
showed similar trend. RPFRE had a sig-
nificant effect on the decrease of MDA
content. Spleen index and thymus index
were positively correlated with T cell
stimulation index and B cell stimulation
index, respectively. T-AOC and SOD were
negatively correlated with MDA, and im-
mune function indexes had extremely sig-
nificant correlation with antioxidant in-
dexes (P<0.01). In conclusion, RPFRE can
improve the immune function index and
antioxidant index of normal mice and im-
munosuppressed mice, which has a posi-
tive effect on the total antioxidant capacity
and immune function of normal mice, and
has immune protection effect on immuno-
suppressed mice, and immune function
indexes are significantly correlated with

antioxidant indexes.

References

[1] MEI W, CHEN L, HUANG X, et al. Rapid
authentication of Pseudostellaria heterophylla
(Taizishen) from different regions by Raman
spectroscopy coupled with chemometric meth-
ods [J]. Journal of Luminescence, 2018, 202
(20): 1-26.

[2] HU DJ, SHAKERIAN F, ZHAO J, et al. Chem-
istry, pharmacology and analysis of Pseudostel-
laria heterophylla: A mini-review [J]. Chinese
Medicine, 2019, 14(1): 21.

[3] YANG Q, CAI X, HUANG M, et al. Immunomodu-
latory effects of Pseudostellaria heterophylla

peptide on spleen lymphocytes via a Ca*/CaN/



38

Animal Husbandry and Feed Science

2022

NFATc1/IFN-y pathway [J]. Food Funct, 2019
(10): 3466-3476.

[4] N TB, LIU F, WANG H X. The antioxidant
effects of aqueous and organic extracts of Panax
quinquefolium, Panax notoginseng, Codonopsis
pilosula,  Pseudostellaria  heterophylla and
Glehnia littoralis [J]. Journal of Ethnopharma-
cology, 2004, 93(2): 285-288.

[5] CHOI YY, KIM MH, AHN KS, et al. Immun-
omodulatory effects of Pseudostellaria hetero-
phylla  (Miquel) Pax on regulation of Th1/Th2
levels in mice with atopic dermatitis [J]. Molecu-
lar Medicine Reports, 2017, 15(2): 649-656.

[6] PAN HQ, ZHANG YD, LI ZJ, et al. Meta anal-
ysis of the immune protective effect of Radix
pseudostellariae on immune injured animals|J].
China Animal Health, 2018, 20 (11): 53-58.
(in Chinese)

[71HQ P, YD Z, Z] L, et al. In vitro probiotic ef-
fect of Pseudostellaria heterop hylla fibrous roots
on feed bacillus subtilis and preliminary study
on its solid fermentation [J]. Animal Husbandry
and Feed Science, 2019, 11(2): 72-76.

[8] ZHAO ZW, LIU FF, WANG ], et al. Effects of

Astragalus polysaccharides, Lycium barbarum
polysaccharides and glycyrrhetinic acid on
growth performance and serum immune indexes
of tan sheep [J]. Feed Research, 2022, 45(2):
13-16.

[9] KONG YT, HE H, AN FP, et al. Comparative
study on antioxidant capacity of Radix pseu-
dostellariae extracts [J]. Food Research and
Development, 2021, 42(19): 28-34. (in Chi-
nese)

[10] FENG D, HAO SY, FU Y, et al. Effect of
Radix pseudostellariae polysaccharide injec-
tion on immune function of immunosuppres-
sive mice[]J]. Journal of Traditional Chinese
Veterinary Medicine, 2020, 39(3): 74-77. (in
Chinese)

[11] ZHANG Y. Reevaluation on antioxidant ac-
tivity of tonic Chinese herbs Pseudostellaria
heterophylla [J]. Animal Husbandry and Feed
Science, 2020, 12(1): 11-16. (in Chinese)

[12] ZHANG YD, PAN HQ, MA YF, et al.Sys-
tematic evaluation and meta-analysis on effi-
cacy of Pseudostellaria heterophylla extrac-

tion on the immune function in mice[J].Chi-

nese Journal of Veterinary Medicine, 2020,
56(2): 102-107. (in Chinese)

[13] ZENG L, GAN SY, DU YY, et dl. Study on
immune adjuvant effect of pseudoginseng and
ginseng saponins [J]. Natural Product Re-
search and Development, 2022, 34 (6): 934—
940. (in Chinese)

[14] DU YY, QIAO S, GAN SY, et al. Effects of
Radix pseudostellariae fibrous root extraction
on immune index and antioxidant index in
mice [J]. Journal of Traditional Chinese Vet-
erinary Medicine, 2021, 40 (1): 18-20. (in
Chinese)

[15] FU LH, WANG YP, WANG JJ, et al. Evalu-
ation of the antioxidant activity of extracellu-
lar polysaccharides from Morchella esculenta
[J]. Food & Function, 2013, 4(6): 871-879.

[16] ZAMANI B, SHEIKHI A, NAMAZI N, et al.
The Effects of supplementation with probiotic
on biomarkers of oxidative stress in adult
subjects: a systematic review and meta—anal-
ysis of randomized trials [J]. Probiotics and

Antimicrobial Proteins, 2020(12): 102-111.



