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Effects of Acanthopanax senticosus
supplementation on innate immunity
and changes of related immune
factors in healthy mice

YunQiang Zhang1,2 , YunLu Zhang1 and ZiKui Liu1,2

Abstract

Modern scientific research has shown that Acanthopanax senticosus (AS) can regulate the innate immunity of healthy

animals, thus affecting the health of animals. However, there are few systematic reports on the changes of innate immune

indices of healthy animals after consuming AS. The purpose of this project was to study the effect on healthy mice’s

innate immunity and changes of related immune factors induced by feeding AS root powder supplementation. The

results showed that the killing rate of natural cells increased in a dose-dependent manner in a certain time period.

Compared to the control group, the treatment groups (T1, T2 and T3) improved significantly in the innate immune

index (lysozyme, b-defensin-2 and duodenal secretory IgA (SIgA) to varying degrees) and induced corresponding

changes of immune factors at certain time periods. The correlation between SIgA and IFN-c in mouse serum was

enhanced, and the higher the concentration of AS in the diet, the stronger the correlation was. However, there was no

significant difference in growth performance among groups. It is proved that AS supplementation can enhance innate

immunity and change several relevant immune factors and cells of healthy mice without affecting growth performance.
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Introduction

Innate immunity is an important function of the body,
and it is characterised by the combination of defence
barrier, phagocytic function of phagocytes, inflamma-
tory reaction and cytokines in body fluid.1 Traditional
Chinese Medicine is the quintessence of China. The raw
materials and extracts of Traditional Chinese Medicine
have been proved to play a certain role in the disease
resistance of animals by regulating innate immunity.
According to the practical experience of Chinese
people for many years, Traditional Chinese Medicine
has an obvious effect on improving animal immunity
and has played an undeniable role in the control of
several large-scale human epidemic diseases in
modern times. For example, Yizhe et al.2 found that
Astragalus membranaceus could repair intestinal
mucosa damaged by endotoxin in mice. Hsiao et al.3

found that the compound of camphora and Panax gin-
seng could play an anti-fatigue role in mice.

However, there are many kinds and functions of

Chinese herbal medicine, and more mechanisms still

need to be studied.
Acanthopanax senticosus (AS) as a Traditional

Chinese Medicine has been proved to have antibacte-

rial, antioxidant and anti-fatigue as well as health-care

effects.4,5 Kong et al. fed AS extract to weaned piglets.

It was found that AS extract had a certain regulatory

effect on the piglets’ immune indices.6 However, there

have been few reports about the systemic effect and

mechanism of AS supplement on the immune indices
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of healthy animals. The aim of this study was to
explore the effects of AS supplementation on innate
immunity indices (lysozyme, b-defensin-2 (HBD-2)
and duodenal secretory IgA (SIgA)) in mice in order
to provide the theoretical basis for the direction of AS
in animal disease resistance and health care.

Methods

Animals and diets

The experimental animals were healthy and nulliparous
mature female Kunming mice (n¼ 200) of similar age
and body mass (28� 1 g), provided by Hunan SJA
Laboratory Animal Co., Ltd. The mice and their care
were conducted in conformity with National Institutes
of Health guidelines (NIH Pub. No. 85-23, revised
1996), and the study was approved by the Animal
Care and Use Committee of Hunan Agricultural
University. Raw materials (AS root) were provided
by Hunan Canzoho Biological Technology Co. Ltd.
The raw materials were crushed through a 40-mesh
sieve (sieve hole diameter: 0.425mm), dried at 60�C
to a constant mass and vacuum packed for spare use.

Experimental design

A single-factor random block test design was used for
this experiment. The mice (n¼ 200) were randomly
selected and divided into four groups: the control
group (C), treatment group 1 (T1), treatment group 2
(T2) and treatment group 3 (T3). There were five rep-
licates in each group, with 10 mice in each replicate, all
housed in a cage. The preliminary experiment lasted for
7 d, and the experimental period was 28 d. Group C
received a basic diet for mice, but groups T1, T2 and
T3 received the basic diet plus AS root powder (0.2%,
0.35% and 0.5%, respectively) by diet mass. Two mice
were randomly sampled from each cage on d 0, 7, 14
and 28 of the experiment, so a total of 40 mice were
executed and sampled. At 8:00am (Beijing time) on d 0,
the mice were weighed after fasting for 12 h. The mice
were executed to collect 2 ml blood. The whole blood
was allowed to rest for 15 min before being centrifuged
for 10 min at 1006 g. The serum was then separated and
stored at –20�C. To obtain duodenal SIgA, the abdom-
inal cavity was opened to separate the duodenum and
put into a test tube containing formaldehyde. Detection
indicators included growth indicators (daily gain,
intake and feed/gain, immune index (TNF-a, IL-1b,
IL-2, IL-4, IL-6 and IL-8), lysozyme, HBD-2, duodenal
SIgA, phagocytosis rate of macrophages and natural
cell killing rate. At the beginning of the experiment (d
0), only the growth indicators lysozyme, HBD-2, duo-
denal SIgA and INF-c were measured.

Double Ab sandwich ELISA was used to detect the
immune index. Lactate dehydrogenase releasing
method (LDH) was used to determine the NK cell kill-
ing rate.7 The phagocytosis rate of macrophages was
determined according to Tang et al.8

Statistical analysis

The test data were preliminarily processed with
Microsoft Excel 2016, and the system variance was
analysed by two-way ANOVA using IBM SPSS
Statistics for Windows v22.0 (IBM Corp., Armonk,
NY). If there were significant differences between
groups (P< 0.05), Duncan’s method was used for mul-
tiple comparisons. The results are expressed as the
mean � SD.

Results

Growth performance of mice

The experimental data showed that the growth perfor-
mance of the mice was not significantly affected by
adding different doses of AS (groups T1, T2 and T3)
compared to the control group (C; P> 0.05; data not
shown).

Changes in immune cells

The changes in the NK cell killing rate by AS supple-
mentation in healthy mice is shown in Figure 1. On d
14, this rate was significantly higher in group T3 than
in group T2, and significantly higher in group T2 than
in groups T1 and C (P< 0.05). On d 21, groups T2 and
T3 were significantly higher than group T1, and group
T1 was significantly higher than group C (P< 0.05).
On d 28, rates in groups T1, T2 and T3 were signifi-
cantly higher than group C (P< 0.05). The phagocyto-
sis rate of macrophages is shown in Figure 2.
Significant changes occurred on d 7, when groups T1,
T2 and T3 were significantly higher than group C
(P< 0.05). However, on d 21, the phagocytosis rate
of macrophages in group T3 decreased significantly,
so groups T1 and T2 were significantly higher than
groups T3 and C (P< 0.05). However, on d 28, only
group T1 was significantly higher than the other
groups (P< 0.05).

Changes in lysozyme, serum HBD-2, duodenal
slgA and IFN-c

Figure 3 shows that on d 7, compared to the group C,
the level of serum HBD-2 was significantly lower in
group T1 (P< 0.05). On d 14, slgA in the duodenum
was significantly higher in group T1 (P< 0.05), serum
lysozyme was significantly higher in group T2
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(P< 0.05) and serum lysozyme and duodenal slgA were
significantly higher in group T3 (P< 0.05). On d 21, the
levels of serum HBD-2 and duodenal slgA were signif-
icantly higher in group T1 (P< 0.05), while the levels of

serum lysozyme, HBD-2 and duodenal slgA were sig-
nificantly higher in groups T2 and T3 (P< 0.05). With
regard to IFN-c, compared to group C, on d 7, the
level was significantly higher in T3. However, on d
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Figure 1. Change in killing rate of NK cells in mice. As the control group, mice in group C received a basic diet for mice, and mice in
the experimental groups (T1, T2 and T3) received the basic diet plus AS root powder (0.2%, 0.35% and 0.5%, respectively) by diet
mass. For the same group of data, different lower-case letters ‘abc’ represent significant differences (P< 0.05).
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Figure 2. Changes in phagocytic rate of macrophages in mice. Mice in group C received a basic diet for mice, and mice in groups T1,
T2 and T3 received the basic diet plus AS root powder (0.2%, 0.35% and 0.5%, respectively) by diet mass. For the same group of data,
different lower-case letters ‘abc’ represent significant differences (P< 0.05).
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21, rates were significantly lower in groups T2 and T3,

and on d 28, the rate in group T3 was significantly

lower (P< 0.05).

Changes in immune factors in serum

Results shown in Figure 4 can be summarised as fol-

lows. Compared to group C, levels of TNF-a in groups

T1 and T2 were significantly lower on d 14, while those

in groups T1, T2 and T3 were significantly lower on d

21, and those in groups T2 and T3 were significantly

lower on d 28 (P< 0.05). Compared to group C, IL-1b

levels in groups T1, T2 and T3 were significantly lower

on d 14, while those in groups T1 and T3 were signif-

icantly lower on d 21 and 28 (P< 0.05). Compared to

group C, on d 28, IL-2 levels in groups T1 and T3 were

significantly lower (P< 0.05). Compared to group C,

on d 14, IL-4 levels in T2 and T3 were significantly

higher, while on d 7, those in groups T1 and T3 were

significantly lower. On d 21, the rate in group T1 was

significantly lower. Compared to group C, on d 7, 14,

21 and 28, IL-6 levels in groups T1, T2 and T3 were

significantly lower (P< 0.05). Compared to group C,

on d 7, IL-8 levels in group T1 were significantly
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Figure 3. Changes in lysozyme, b-defensin-2, IFN-c in blood and duodenal secretory IgA (SIgA) of mice. Mice in group C received a
basic diet for mice, and mice in groups T1, T2 and T3 received the basic diet plus AS root powder (0.2%, 0.35% and 0.5%, respectively)
by diet mass. For the same group of data, different lower-case letters ‘abc’ represent significant differences (P< 0.05).
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Figure 4. Changes in immune indices in mice blood. Mice in group C received a basic diet for mice, and mice in groups T1, T2 and T3
received the basic diet plus AS root powder (0.2%, 0.35% and 0.5%, respectively) by diet mass. For the same group of data, different
lower-case letters ‘abc’ represent significant differences (P< 0.05).
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higher, and on d 14, levels in groups T2 and T3 were
significantly lower. On d 21, the levels in T3 were sig-
nificantly lower (P< 0.05).

Discussion

There was no significant difference in the growth per-
formance (body mass, daily gain, feed intake and feed–
gain ratio) of mice in each group during the
experiment, which proved that the AS dietary supple-
mentation did not affect the growth performance of the
mice.

NK cells are important immune cells which play a
key role in anti-infection, immune regulation and anti-
tumour processes. In this study, the killing activity of
NK cells of mice fed AS was significantly increased in a
dose-dependent manner at d 14. However, as time went
on, the killing activity of NK cells tended to be stable.
Ha found that AS glycoprotein can enhance the host’s
non-specific immune function by activating NK cells
and producing a variety of cytokines.9 This is consis-
tent with the results presented in this study. However,
the killing activity of NK cells did not increase over
time. The possible reason is that AS does not simply
stimulate the increase of NK cell killing activity, but
rather regulate it in many ways, so that NK cell killing
activity finally tends to be stable.

The change in macrophages in mice fed with AS was
very significant, which was significantly higher on d 7
compared to group C. Ryu proved that the water
extract of AS can promote the proliferation of spleen
cells and activate peritoneal macrophages.10 Yoon
mentioned that AS can inhibit tumour activity by acti-
vating macrophages and promoting cytokines such as
TNF-a, IL-12 and IFN-c.11 However, it is surprising
that with the increase of time, the macrophage activity
of mice fed with the high dose of AS gradually
decreased, even in the inhibition state, and the higher
the dose, the earlier the inhibition time. This phenom-
enon may be related to the two-way immune regulation
of AS. Yi confirmed that AS can inhibit mast cell–
dependent anaphylaxis.12 The results in this experiment
showed that AS could enhance the early activity of
macrophages, and inhibit its activity over time. It is
suggested that AS has a bidirectional effect on
immune regulation.

Lysozyme is a type of antimicrobial protein existing
widely in biological organisms. It often decomposes the
cell wall peptidoglycan (PG) of bacteria to achieve
resistance to bacteria. As a congenital immune factor,
lysozyme plays a vital role in the immune function of
animals.13

As shown in Figure 3, lysozyme concentrations were
significantly higher in groups T2 and T3 than in group
C on d 14 and 21 (P< 0.05). The results showed that

AS could induce the expression of lysozyme in mice at
a specific dose and time. The possible reason is that AS
contains polysaccharides. Jufen et al.14 used Astragalus
polysaccharide injection to inject tilapia, and it was
found that Astragalus polysaccharide could induce
the expression of lysozyme in the liver, spleen and
other tissues of tilapia, and enhanced the body immu-
nity of tilapia. Lysozyme has the ability to dissolve PG
which is produced only by bacteria and not by eukar-
yotes. So, PG represents an excellent target for lyso-
zyme.15 One of the functions of lysozyme is to induce
the generation of pro-inflammatory factors such as IL-
8 and antimicrobial molecules through the destruction
of PG after bacteria have invaded the body.16,17 Wolf
et al.18 found that lysozyme-sensitive Staphylococcus
aureus was more susceptible to macrophages, and
then increased the release of inflammatory factors,
such as IL-6 and TNF-a, through the receptors for
bacterial-derived lipoproteins and DNA. However,
contrary to the above results, in this experiment, the
lysozyme of mice in groups T2 and T3 was significantly
higher than that of group C on d 14 and 21, while IL-6,
IL-8 and TNF-a levels of mice in groups T2 and T3
were significantly lower than those of group C
(P< 0.05) or there was no significant difference
(P> 0.05). Our results suggest that AS in this experi-
ment had an immunomodulatory effect on healthy
mice in the natural environment and can induce the
expression of lysozyme, it but did not increase the
release of pro-inflammatory factors such as IL-6, IL-8
and TNF-a.

Defensins are cationic polypeptides rich in disul-
phide bonds, widely distributed in fungi, plants and
animals, and are important regulators in the biological
immune system.19 HBD-2 is widely distributed in the
skin and mucosa and other epithelial tissues of animals
which have direct bactericidal function, and HBD-2 rep-
resents an important class of antimicrobial peptides.20

Although HBD-2 is an important congenital
immune factor, it has been reported that it is charac-
terised by inducible expression, and its content is
mainly regulated by local inflammation and microbial
stimulation, such as Gram-negative and Gram-positive
bacteria, fungi, symbiotic bacteria in vivo, TNF-a and
IL-1b, all of which can up-regulate the expression of
HBD-2, leading to an increase in its content in the area
of inflammation.21–23 McDermott et al.24 found that
both TNF-a and IL-1b could stimulate the expression
of HBD-2 in human corneal epithelial cell line human
corneal endothelial cells. Bajajelliott et al.25 confirmed
that IL-1b could significantly up-regulate the expres-
sion of HBD-2 in gastric epithelial cell lines AGS and
MKN7, and when Perregaux et al.26 studied the
changes of IL-1b transcription level, it was found
that HBD-2 may act as a secondary effector molecule
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to stimulate cells to produce IL-1b continuously.
According to the above reports, the interaction
between HBD-2 and pro-inflammatory factors such
as TNF-a and IL-1b may have a positive correlation
with the content change effect. According to the results
of this experiment, the content of HBD-2 in the serum
of mice in groups T1 and T2 on d 7 was significantly
lower than that of group C, and was significantly
higher in all treatment groups on d 21 compared to
group C (P< 0.05). However, the results of TNF-a
and IL-1b are different from those above. On d 7 and
21, the levels of these two cytokines were not higher
than those in group C; some were even significantly
lower (P< 0.05). Therefore, AS can increase the con-
tent of HBD-2 in serum at a certain time and to some
extent, but the relationship between the expression of
HBD-2 and TNF-a, IL-1b in serum is different from
that in local tissues. The specific interaction between
HBD-2 and cytokines in serum still needs further
experimental verification and discussion.

Modern medical research has found that there are a
large number of immune factors in the mucosal mucus
of mammals, which represent an important part of the
body’s immune system, in which SIgA plays a major
role.27 Although SIgA is the product of specific immu-
nity, its main function is to block the contact between
the pathogen and mucosal epithelial cells through
innate physical barriers, thus preventing the invasion
of pathogens.28

When exogenous pathogenic micro-organisms
invade animal mucosa, the related lymphoid tissues
will be activated. Specific B and T cell reactions will
be induced by Ag presentation. When T cells are acti-
vated, IgMþB cells will be transformed into IgAþB
cells. Activated lymphocytes leave the induction part
and home to the lymphoid tissue of the effector part.
During the homing process, IgAþB cells differentiate
and mature into IgAþeffector B cells. When
IgAþeffector B cells are colonised at the effector site,
aggregated IgA is produced and covalently bound with
secretory slices (SC) on the surface of epithelial cells to
form sIgA.27,29 It has been reported that sIgA has the
functions of an immune barrier, immune clearance and
neutralisation of viruses and toxins.30 In this study, the
level of SIgA in the duodenum of mice fed an AS diet
was significantly higher than that of group C on d 14
(groups T1 and T3) and d 21 (groups T1, T2 and T3;
P< 0.05). On d 28, the level of SIgA in the duodenum
of mice fed an AS diet was higher than that of group C,
but the difference was not significant.

IFN is an important immune response factor, of
which type I IFN (IFN-a, IFN-b) can significantly
enhance the killing function of NK cells, promoting
cell secretion of a variety of cytokines and playing
a broad-spectrum anti-tumour and antiviral role.31

IFN-c is a type II IFN, which is mainly produced by
activated NK cells and T cells, including Th1 cells in
CD4þ T cells and Ag-stimulated cytotoxic T cells
(CTL) in CD8þ T cells.31–33 Recent studies suggest
that regulatory T cells (Treg) secrete IFN-c rapidly
and transiently at the early stage of contact Ag and
such early-produced IFN-c can prevent the initiation
of an over-immune response by inhibiting the apoptosis
of initial T cells.34 However, Lin et al.35 found that
RAW264.7 macrophages exposed to AS polysacchar-
ides (ASP) could inhibit the production of NO induced
by LPS and IFN-c in a dose-dependent manner. From
this point, we can deduce that in the middle and early
stage of this study, because the amount of ASP was low
in the blood of the mice, IFN-c could be produced
rapidly on d 7, and on d 21, IFN-c was inhibited by
the increase in the concentration of ASP.

IFN-c is thought to have two-way immunomodula-
tory effects on animal organisms.36 Interestingly, in this
study, the levels of IFN-c and SIgA in the duodenum
showed an alternating trend (Figure 5). Because the
mice in this study were exposed to Ags, they were not
tested in a sterile environment. It can be inferred that
when the SIgA content increases, the protective effect
on the mucosa is enhanced. So, the Ag content of the
body decreases, and the secretion of IFN-c initiates the
corresponding mechanism, leading to the decrease of
IFN-c content to a certain level. This implies that the
diet of AS supplementation may have a correlative
effect on IFN-c and SIgA in the duodenum.

As shown in Table 1, the correlation between serum
SIgA and IFN-c showed no significant positive corre-
lation between the two indices (P ¼ 0.071) in mice
without AS. However, there was no significant nega-
tive correlation in the low-dose group (T1; P ¼ 0.482),
while there was a significant negative correlation
between the middle-dose group (T2) and the high-
dose group (T3; P ¼ 0.039 and P ¼ 0.011), and the
significance of group T3 was greater than that of
group T2. In innate immunity, IFN-c is produced by
NK cells stimulated by IL-18 and IL-12, but in adap-
tive immunity, IFN-c is produced by CD4þ T helper
cells (Th1) and CD8þ CTL stimulated by MHC when
presenting Ag.37 Although IFN-c has been proved to
play an important role in promoting macrophage acti-
vation, mediating antiviral and antimicrobial immune
responses, enhancing Ag presentation and activating
the innate immune system, IFN-c also has a two-way
regulatory role.38 It has been reported that IFN-c pro-
duced by Treg can affect the activity of APCs, espe-
cially dendritic cells (DC). The principle is that Treg in
peripheral tissues receive rapid release of IFN-c by
allo-Ag stimulation, and induce nearby macrophages
to express NO synthase (iNOS), resulting in a large
amount of NO production which spreads to the
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surrounding T cells, affecting their function and trig-

gering their apoptosis. IFN-c produced by Treg in

drainage lymph nodes not only promotes the expres-

sion of iNOS in DC, but also stimulates the expression

of indoleamine-2,3-dioxygenase (IDO) in DC and

accelerates the degradation of tryptophan. By-

products of Treg’s metabolism can promote the apo-

ptosis of T cells and affect the function of T cells and

the balance of Th1 and Th2 cells.39,40 In addition,

IFN-c has a negative regulatory effect on the migra-

tion of DC. Xiaodong et al.41 found that the migration

ability of DC in IFN-c knockout mice was significantly

enhanced, and the migration ability of DC was signif-

icantly decreased after intraperitoneal injection of

IFN-c to normal levels. Meanwhile, the activity of T

cells and the production of IL-2 in IFN-c knockout

mice were decreased. Concerning DC cells, some stud-

ies have shown that DC can induce the phenotype

transformation of B cells from the IgM phenotype to

IgA, and co-culture of DC with B cells and T cells can

promote the production of SigA.42 However, Mora

et al.43 found that Peyer0s patches DC could also

induce the type change in IgA production in B cells

without T cell dependence. Thus, the functional activ-

ity of DC is a key factor in the formation of SIgA. In

addition, DC can regulate the function of NK cells by

ligand-receptor and release cytokines such as IL-12

and IL-18, thus affecting the production of IFN-c.44,45
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Table 1. Analysis of the correlation between SIgA and IFN-c in serum with different doses of AS supplement in mice.

C T1 T2 T3

r P r P r P r P

0.603 0.071 –0.221 0.482 –0.615 0.039 –0.704 0.011

P< 0.05 represents significant difference.

SIgA: secretory IgA; AS: Acanthopanax senticosus; C: control group; T1, T2, T3: experimental groups.
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Comprehensive analysis of the results of the above

studies and experiments shows that, as shown in

Figure 6, healthy mice fed a diet supplemented with

AS could induce IFN-c production, while in vivo DC

cells were two-way regulated by IFN-c, thus affecting

SIgA production. However, the release of IL-18 and

IL-12 weakens when DC activity decreases, which neg-

atively regulates the content of IFN-c. Therefore, the
level of the two factors showed an alternating trend,

and the higher the content of AS in the diet of the mice,

the stronger the correlation between these changes. The

results suggest that AS dietary supplementation can

have certain relevance to the immune factors of ani-

mals. This correlation and the ability of two-way reg-

ulation between immune factors are of great

significance for the innate immunity and disease resis-

tance of animals.
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