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Astragalus polysaccharide alleviates alveolar bone 
destruction by regulating local osteoclastogenesis  
during periodontitis
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Abstract
Inflammatory imbalance of bone formation/resorption leads to alveolar bone destruction. Astragalus polysaccharide has been confirmed 
to have anti-inflammatory effects. We sought to disclose the protective effect and its potential mechanisms of astragalus polysaccharide 
in the periodontitis model. Experimental periodontitis was induced by cotton ligatures for this study. We measured the alveolar bone 
damage rate, periodontal osteoclasts, proportion of CD4+Foxp3+, CD4+IL-10+, CD4+TGF-β+ subsets in the gingiva, and RANKL, 
OPG, TGF-β+, and IL-10+ level in the gingiva. We also cultured osteoclast precursor cells in the presence of RANKL and astragalus 
polysaccharide. Osteoclasto-like cells were identified by TRAP staining, mRNA of RANK, TRAP, and TRAF6 were evaluated by real time 
PCR. We found that astragalus polysaccharide caused significant protection of the alveolar bone via reducing local osteoclasts. It also 
decreased the proportion of CD4+Foxp3+ cells and upregulated the level of CD4+IL-10+ cells, reduced RANKL, and remedied IL-10 
levels. In cell culture experiments, astragalus polysaccharide prohibited the RANKL mediated osteoclast differentiation. The findings of 
this study disclose the functions and possible mechanisms of astragalus polysaccharide engaged in local osteoclastogenesis, and reveal 
the considerable effect of astragalus polysaccharide in alveolar bone homeostasis and its likely contribution to host immuno-regulation 
in periodontitis.
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Highlights:
•	 Astragalus	polysacharin	alleviated	periodontal	inflammation	and	protect	alveolar	bone	from	damage.
•	 Astragalus	polysacharin	decrease	Foxp3+	Tregs	but	increase	IL-10+	Tregs.
•	 Astragalus	polysacharin	prohibited	RANKL,	mediated	osteoclastogenesis.
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Introduction

As one of the most common oral conditions, periodontitis has 
been defined as a disease that results from periodontopatho-
gen infection and is distinguished by periodontal inflamma-
tion and alveolar bone erosion (Bouziane et al., 2020). An ear-
lier study had shown that periodontal tissue damage is mainly 
caused by inflammatory responses (Pan et al., 2019). Despite 
an incompletely understood mechanism, host immunity is 
considered to be crucial in defense against periodontitis. 
When the periodontopathogen invades local lesions, the host 
immune system is activated. Various types of immune cells, in-
flammatory cytokines, and other elements participate in this 
process, which leads to effective eradication of the pathogenic 
bacteria.

Periodontitis often begins with subgingival dental plaque 
dysbiosis. However, simple dysbiosis is not sufficient to result 
in severe alveolar bone destruction (Lamont and Hajishen-

gallis, 2015). Recently, many immune cells and inflammato-
ry cytokines were found to be involved in the development 
of periodontitis (Hajishengallis, 2014; Wang and McCauley, 
2016). Adaptive immune responses of the host to periodon-
tal pathogens are considered to be the major factors involved 
with alveolar bone destruction (Van Dyke and van Winkelhoff, 
2013). Given the homology of bone cells to immune cells, cells 
involved in adaptive immune responses have the potential to 
regulate alveolar bone homeostasis by modulating the produc-
tion of osteoblasts/osteoclasts and related cytokines (Chen et 
al., 2016; Hu et al., 2017; Könnecke et al., 2014). This internal 
relationship between bone and immune systems is called “os-
teoimmunity” (Ginaldi and De Martinis, 2016). Osteoimmun-
ity is not only responsible for the imbalance of alveolar bone 
homeostasis in periodontitis but it is also the most effective 
system to regulate periodontitis.

An imbalance of receptor activator of nuclear factor-kappa 
B ligand (RANKL) and its competitive inhibitor, osteoprote-
gerin (OPG), has also been considered to be a crucial cause of 
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periodontal tissue damage, especially the disruption of alveolar 
bone homeostasis (Iviglia et al., 2019). The RANKL/OPG sys-
tem has been shown to play a primary role in regulating osteo-
clast differentiation (López Roldán et al., 2020). The receptor, 
nuclear factor kappa B receptor activating factor (RANK), is 
located on the precursor cell membrane surface. When RANKL 
binds to RANK, multiple signaling cascades are switched on in 
osteoclast precursor cells to promote their differentiation into 
osteoclasts. Conversely, when OPG binds to RANK, this pro-
cess cannot begin. Under physiologic conditions, the RANKL/
OPG ratio in periodontal tissue is maintained within a normal 
range that not only ensures normal reconstruction and renew-
al of alveolar bone but also avoids over resorption from ab-
normal osteoclast activation. During periodontitis, increased 
RANKL levels in local lesions have been shown to induce over 
differentiation of osteoclasts, subsequently leading to damage 
of alveolar bone (Teodorescu et al., 2019).

Hangqi is a traditional Chinese medicine that has been 
proven to be a remedy for most common diseases (Elabd et 
al., 2020), such as diabetes, cardiovascular and cerebrovascular 
diseases, tumor, and autoimmune diseases. Recently, its active 
constituent, astragalus polysaccharide, was established to alle-
viate bone destruction in animals with osteoporosis. Besides, 
researchers proved that astragalus polysaccharide adminis-
tration protects bone from metabolic damage resulting from 
oestrogen levels decrease in animals that experienced ovariec-
tomy (Ou et al., 2019), which furtherly indicated a protective 
effect of astragalus polysaccharide on the host bone system.

Considering these findings, we hypothesized that astra-
galus polysaccharides could remedy alveolar bone destruction 
during periodontitis. In this study, we aimed to determine the 
effect and mechanism of astragalus polysaccharides in keeping 
host alveolar bone homeostasis by affecting RANKL mediated 
osteoclastogenesis during periodontitis. Given the important 
function of Tregs cells in regulation of local osteoclastogene-
sis, their expression was also identified. 

 
Materials and methods

Animals
Sprague Dawley rats (Specific Pathogen Free, 200–250 g) were 
chosen for the present research. All 30 animals were equally 
and randomly divided into a healthy group (HE, n = 10), ex-
perimental periodontitis group (EP, n = 10), and astragalus 
polysaccharide treatment group (AT, n = 10). Animals from 
all three groups were fed under the same standard laboratory 
conditions (humidity, 55 ± 5%; light period, 8:00–20:00; tem-
perature, 20 ± 2 °C). The protocols for the research procedures 
and animal surgeries were approved by the Ethics Committee.

Periodontitis models
We induced experimental periodontitis in animals from the 
EP and AT groups. Experimental periodontitis was induced 
by cotton ligatures, as shown in earlier studies (Elabd et al., 
2020). All rats in the three groups were sacrificed 4 weeks 
later. Maxillae, gingiva, and gingival crevicular fluid were ob-
tained for the following analyses. 

Astragalus polysaccharide administration
Astragalus polysaccharide (500 mg/kg body weight) was orally 
gavaged into the esophagus of animals in the treatment group. 
Drugs were administered 1 h before the induction of peri-
odontitis and then given daily per the protocol until day 28. 

Animals in the other two groups received the same volume of 
phosphate buffer saline until they were sacrificed.

Alveolar bone resorption evaluation
Alveolar bone resorption evaluation was performed as de-
scribed in other reports (Shi et al., 2020). The resected maxilla 
samples were fixed with paraformaldehyde (4%). After 24 h, 
the samples were transferred into H2O2 (3%) overnight. Sub-
sequently, all samples were strained using aqueous methylene 
blue (1%) to highlight the differentiation between alveolar 
bone and teeth. To determine the grade of alveolar bone re-
sorption, alveolar crest reductions at the center of the first 
molar were measured, and the entire cemento-enamel junc-
tion (CEJ) to the alveolar bone crest (ABC) was analyzed. We 
recorded both buccal and palatal CEJ-ABC distances of the tar-
get molar. CEJ-ABC distances in mesial, middle, and distal sit 
of each surfaces were established. The average value of these 
six predetermined sites was calculated, subsequently was com-
pared among the three groups. All detections were performed 
three times by two blinded evaluators.

Flow cytometry
To determine how astragalus polysaccharide affects Tregs dif-
ferentiation during periodontitis, we determined proportions 
of these cells in local lesions using flow cytometry. Gums were 
cut into 1 mm3 sizes and then digested with collagenase type 2 
(10 mg/ml), hyaluronidase (5 mg/ml) and DNase I (0.05%) for 
1 h at 37 °C (Ku et al., 2018). Thereafter, the tissue was further 
disposed by 200 μm stainless steel screens. Lymphocytes were 
purified by Ficoll-Hypaque density-gradient centrifugation. 
For further detection, lymphocytes were stained with different 
antibodies groups (CD4 and Foxp3, CD4 and IL-10, CD4 and 
TGF-β, Thermo Fisher Scientific). The staining was performed 
on ice, 30 min, at 4 °C in darkness according to manufacturer’s 
protocol. Cell analysis was performed with a fluorescence-acti-
vated cell sorting (FACS) Calibur flow cytometer. Lymphocytes 
were gated from the forward and side scattergrams. Data were 
analyzed with FlowJo software.

 
ELISA
We then measured the concentration of some inflammatory 
cytokines in gingival crevicular fluid with an enzyme-linked 
immunosorbent assay (ELISA) kit to illustrate how astragalus 
polysaccharide could affect host immunity during periodonti-
tis, the test was performed as reports (Matsuda et al., 2016). 
RANKL, OPG, TGF-β, and IL-10 were detected. GCF obtain-
ment and ELISA tests were performed according to an earlier 
report.

Real-time PCR
Gingival samples from each animal were homogenized for 
RNA extraction. Total RNA was isolated with an RNAiso re-
agent and then was reverse transcribed to synthesize comple-
mentary DNA (cDNA). We subsequently performed real-time 
polymerase chain reaction (qPCR) in an ABI PRISM cycler with 
a SYBR Green PCR Kit and specific primers for RANKL, OPG, 
TGF-β, IL-10, and β-actin. Expression values were calculated 
using the 2−ΔΔCt method for every target gene, according to 
the housekeeping gene. The difference in mRNA expression 
of the above cytokines was then analyzed. The values of the 
healthy group were used as a reference (fold change = 1). All 
experiments were performed independently and in triplicate. 
Primer sequences are shown in Table 1.
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Table 1. Primer sequences

Gene Sequences

β-actin -F-
-R-

GGTCATCACTATTGGCAACG
TCCATACCCAAGAAGGAAGG

RANKL -F-
-R-

ACCAGCATCAAAATCCCAAG
TTTGAAAGCCCCAAAGTACG

OPG -F-
-R-

CGTCACCCACAGTCTGAGGAA
TCAACTGCCATTTCAAGAGCC

TGF-β -F-
-R-

GTGTGGAGCAACATGTGGAACTCTA
CGCTGAATCGAAAGCCCTGTA

IL-10 -F-
-R-

GCCAGAGCCACATGCTCCTA
GATAAGGCTTGGCAACCCAAGTAA

Cell culture and identification
To determine whether astragalus polysaccharide affect 
RANKL-mediated osteoclastogenesis, we cultured osteoclast 
precursors (bone marrow mononuclear cells) in the presence 
of M-CSF (25 ng/ml) and RANKL (100 ng/ml) in flat-bot-
tomed 96-well plates, as previously described (Huo and Sun, 
2016). In the blocking experiment, astragalus polysaccharide 
(50 ng/ml, 100 ng/ml) was added to the culture medium. After 
a 7-day culture, cells were collected and stained by TRAP kits. 
TRAP-positive cells containing ≥3 nuclei were considered os-
teoclast-like cells. The number of osteoclast-like cells in each 
well was counted and the data was analyzed. Additionally, the 
mRNA of TARP, RANK, and TNF receptor-associated factor 6 
(TRAF6) was quantified to furtherly illustrate the mechanism 
of how astragalus polysaccharide affects RANKL-mediated os-
teoclastogenesis. β-actin (Applied Biosystems, Waltham, MA, 
USA) was chosen as the housekeeping gene. mRNA detection 
was performed as described in the previous method (real-time 
PCR). The results of the normal culture group were used as a 
benchmark (expression fold = 1). Primer sequences are dis-
played in Table 1.

Statistical analysis
All experiments were performed independently and in trip-
licate. The data are presented as the mean ± standard error 
of the mean (SEM). One-way analysis of variance followed by 
the Bonferroni test or Student’s t-test was used to compare 
the means, and the Dunn test was used to compare the me-
dians. A  value of P < 0.05 denoted a statistically significant 
difference.

 

 
Results

Astragalus polysaccharide affected alveolar bone loss 
and osteoclast differentiation
To establish whether astragalus polysaccharide could prevent 
periodontopathogen-induced alveolar bone loss, we first re-
corded the distance between CEJ and ABC in the first molar 
and then calculated the resorption ratio of each alveolar bone 
sample. As shown in Fig. 1, animals in both the experimental 
periodontitis group and the astragalus polysaccharide treat-
ment group showed higher fold bone resorption than animals 
in the healthy group (P < 0.05). However, we found that as-
tragalus polysaccharide treatment significantly alleviated alve-
olar resorption as compared with the animals in the experi-
mental periodontitis group (Fig. 1, mean ± SEM, each n = 10). 
These results proved that astragalus polysaccharide treatment 
ameliorated alveolar bone resorption.

Analysis of Tregs
To determine the effect of astragalus polysaccharide involve-
ment in local immunoregulation, we assessed the proportion 
of Foxp3+, IL-10+, and TGF-β+ subsets in CD4+ cells to estab-
lish the level of Treg subpopulations. The results are shown in 
Fig. 2 (mean ± SEM, each n = 10).

Animals from the EP and AT groups showed a decreased 
number of Foxp3+, IL-10+, and TGF-β+ cells compared with 
those in the HE group (P < 0.05). When compared with the 
two groups, an interesting result was revealed. Despite having 
similar levels of TGF-β+ cells (P > 0.05), animals from the AT 
group showed a decrease in Foxp3+ cells and an increase in  
IL-10+ cells compared with those in the EP group (P < 0.05). 
The results showed that astragalus polysaccharide inhibited 
the differentiation of Foxp3+ Tregs. However, it seems that 
this inhibition did not cause an obvious decrease in the func-
tion of all Type 1 regulatory (Tr1) cells.

Expression of osteoimmuno-cytokines in local  
lesions
Since astragalus polysaccharide treatment significantly alle-
viated host alveolar resorption, we hypothesized that astra-
galus polysaccharide modulates cytokine expression, which is 
closely related to bone homeostasis. To test this hypothesis, 
we separated the gingiva of each animal and then determined 
mRNA expression of the cytokines listed above with real-time 
PCR.

Fig. 1. EP and AT group displayed serious alveolar bone resorption in comparison to the HE group. However, CEJ-ABC distances in AT group 
showed to be obviously decreased as compared to EP group. (A) Alveolar bone resorption of each group: Image. (B) Alveolar resorption fold of 
each group (n = 10; * P < 0.05; ** P < 0.01). HE – control group; EP – experimental periodontitis group; AT – astragalus polysaccharide treatment 
group.
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We first established RANKL and OPG mRNA expression 
levels. We found significantly higher gingival RANKL expres-
sion in animals with periodontitis compared with expression 
in healthy animals (P < 0.05). Moreover, the AT group had 
markedly decreased RANKL expression compared with that of 
the EP group (P < 0.05). Different from RANKL expression, 
decreased gingival OPG mRNA expression was only seen in 
the healthy group compared with the other groups, and no 
significant differences were seen among the remaining groups  
(P > 0.05) (Fig. 3A, B, mean ± SEM, each n = 10).

Additionally, we determined the IL-10 and TGF-β mRNA 
expression of each group. Compared with the EP group, the HE 
group expressed higher cytokine levels (P < 0.05). There was no 
significant difference in IL-10 and TGF-β expression between 
the EP and AT groups. Interestingly, although the AT group 
expressed lower levels of TGF-β compared with expression in 
the HE group (P < 0.05), we did not find the same trend in the 
case of IL-10 (Fig. 3C, D, mean ± SEM, each n = 10), which in-
dicated a substantial effect of astragalus polysaccharide on the 
expression of some anti-inflammatory cytokines.

For a more in-depth analysis, we also measured the con-
centration of the above cytokines in the gingival crevicular 
fluid. Concentrations of all the above cytokines in each sample 
were detected using ELISA.

Similar to what was seen at the level of mRNA, RANKL 
concentrations in the gingival crevicular fluid of animals in the 
EP group were higher than those in the HE group (P < 0.05). 
Besides, animals in the AT group had lower RANKL concentra-
tions compared with those in the EP group (P < 0.05). There 
were no significant differences in OPG concentrations between 
animals in the HE group and those in the EP group (Fig. 3E, F, 
mean ± SEM, each n = 10). 

 

When we looked at the concentrations of other cytokines, 
an interesting fact emerged. First, we established that animals 
in the EP groups had decreased IL-10 and TGF-β concentra-
tions compared with the HE group (P < 0.05) (Fig. 3G,  H, 
mean ± SEM, each n = 10), which was similar to that seen in 
the gingiva. Despite a little increase in the concentration of 
cytokines from the AT group, no clear differences were appre-
ciated between EP and AT groups. However, when compare the 
HE and AT group, we find that IL-10 and TGF-β concentra-
tions did not differ among animals in either of the two groups 
(P > 0.05) (Fig. 3G, H, mean ± SEM, each n = 10). Together, 
these data suggest that astragalus polysaccharide is predomi-
nately involved in local bone homeostasis by regulating some 
inflammatory cytokines which are closely related to osteoim-
muno-response.

Astragalus polysaccharide prohibited RANKL mediated 
osteoclasts differentiation
The above outcome determined that astragalus polysaccharide 
decreased RANKL expression in local lesions, which indicated 
an indirect prohibition of osteoclastogenesis. Given the func-
tion of RANKL on osteoclast differentiation, we also hypoth-
esized that astragalus polysaccharide may have a direct effect 
on osteoclastogenesis. To confirm this, we cultured bone mar-
row mononuclear cells in presence of RANKL and astragalus 
polysaccharide in vitro. We counted the number of osteoclasts 
and then investigated the level of mRNA of TARP, RANK, and 
TRAF6 genes closely related to RANKL mediated osteoclast 
differentiation.

RANKL induced significantly higher osteoclast-like cell 
formation (Fig. 4A, B, P < 0.05, mean ± SEM, each n =10) when 

Fig. 2. To determine the effect of astragalus polysaccharide involvement in local Treg regulation, we detected the proportion of Foxp3+ subsets, 
IL-10+ subsets, and TGF-β+ subsets in CD4+ cells. Animals from EP and AT group showed a lower level of Foxp3+ subsets, IL-10+ subsets, and 
TGF-β+ subsets than the HE group (P < 0.05). Despite the similar level of TGF-β+ subsets (P > 0.05), animals from AT group show a lower level 
of Foxp3+ subsets and a higher level of IL-10+ subsets than the EP group (P < 0.05). (A) Percentages of CD4, ror-γt, Foxp3, IL-10 and TGF-β 
positive cells in gingiva: Density plot and Histogram. (B) Percentages of CD4+Foxp3+ cells in gingiva: Statistical analysis (n = 10; * P < 0.05;  
** P < 0.01). (C) Percentages of CD4+IL-10+ cells in gingiva: Statistical analysis (n = 10; * P < 0.05; ** P < 0.01). (D) Percentages of CD4+TGF-β+ 
cells in gingiva: Statistical analysis (n = 10; * P < 0.05; ** P < 0.01). HE – control group; EP – experimental periodontitis group; AT – astragalus 
polysaccharide treatment group.
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Fig. 3. To evaluate how astragalus polysaccharide affects local osteoclastogenesis, we determined the level of RANKL, OPG, IL-10, and TGF-β in 
local lesions by real time PCR and ELISA. In gingiva, the RANKL level which comes from animals with periodontitis showed to be significantly 
higher than that in healthy animals (P < 0.05). AT group markedly expressed less RANKL than the EP group (P < 0.05). There was no significant 
difference between the remaining groups in OPG expression (P > 0.05). Compared with individuals from the EP group, the healthy ones 
expressed higher IL-10 and TGF-β levels (P < 0.05). However, the HE group did not show obviously higher IL-10 level in comparison with AT 
group (P > 0.05). There was no significant difference between AT group and the EP group in IL-10 and TGF-β levels (P > 0.05). In GCF, the EP 
group showed higher RANKL level than the HE and AT group (P < 0.05); the HE group showed higher IL-10 and TGF-β levels than EP and AT 
groups (P < 0.05); There was no other significant difference in other comparisons (P > 0.05). (A) Level of RANKL mRNA in gingiva (n = 10;  
* P < 0.05; ** P < 0.01). (B) Level of OPG mRNA in gingiva (n = 10; * P < 0.05; ** P < 0.01). (C) Level of TGF-β mRNA in gingiva (n = 10;  
* P < 0.05; ** P < 0.01). (D) Level of IL-10 mRNA in gingiva (n = 10; * P < 0.05; ** P < 0.01). (E) Concentration of RANKL in GCF (n = 10;  
* P < 0.05; ** P < 0.01). (F) Concentration of OPG in GCF (n = 10; * P < 0.05; ** P < 0.01). (G) Concentration of TGF-β in GCF (n = 10; * P < 0.05; 
** P < 0.01). (H) Concentration of IL-10 in GCF (n = 10; * P < 0.05; ** P < 0.01). HE – control group; EP – experimental periodontitis group;  
AT – astragalus polysaccharide treatment group.

the cells were cultivated in RANKL only cultivation medium 
(without astragalus polysaccharide). In cultures with high-
er concentration (100 ng/ml) of astragalus polysaccharide  
(P < 0.05), only a small number of osteoclast-like cells were 
observed, suggesting that astragalus polysaccharide prohibit-
ed osteoclast-like cells formation via RANKL manner. More-

over, astragalus polysaccharide adequately prohibited oste-
oclast-like cells formation from bone marrow mononuclear 
cells as determined by the reduced expression of related genes  
(Fig. 4C, D, P < 0.05, mean ± SEM, each n =10) we chose, com-
pared with controls.

 

Fig. 4. Bone marrow mononuclear cells (as osteoclasts precursor) were cultured in presence of RANKL (100 ng/ml) independently or 
with astragalus polysaccharide (50 ng/ml, 100 ng/ml) to determine the potential effect of astragalus polysaccharide on RANKL mediated 
osteoclastogenesis. The results showed that a higher concentration of astragalus polysaccharide reduces the differentiation of TRAP+ 
osteoclast-like cells. Meanwhile, astragalus polysaccharide reduced the expression of TRAP, RANK, and TRAF6, which are closely related to the 
RANKL signal. (A) TRAP positive cells in different culture medium (100×). (B) Number of osteoclasts in each culture well (n = 10; * P < 0.05;  
** P < 0.01). (C) Expression fold of TRAP mRNA in each group (n = 10; * P < 0.05; ** P < 0.01). (D) Expression fold of RANK mRNA in each group 
(n = 10; * P < 0.05; ** P < 0.01). (E) Expression fold of TRAF6 mRNA in each group (n = 10; * P < 0.05; ** P < 0.01). HE – control group;  
EP – experimental periodontitis group; AT – astragalus polysaccharide treatment group.
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Discussion

As a traditional Chinese medicine, Huangqi has a long histo-
ry of use. It has been confirmed to be effective in inducing 
anti-inflammatory, anti-tumor, and immunomodulatory re-
sponses even though its structure has not been completely un-
derstood (Fu et al., 2014). Astragalus polysaccharide is a key 
macromolecule in Huangqi. It has been proved that astragalus 
polysaccharide enhances proliferation and differentiation in 
either B or T cells, which is involved in lots of diseases (Wu et 
al., 2018).

Given the immunomodulatory function of Tregs, they 
were recognized to be a crucial regulator of the periodonti-
tis inflammatory process. Tregs are often identified by CD4 
and CD25 expression and they are divided into two subsets: 
innate Tregs (Foxp3+) and adaptive (Foxp3-) Tregs (Terhune 
and Deth, 2014). Innate Tregs are responsible for regulating 
autoimmune responses, while adaptive Tregs often regulate 
infective immune responses (Ku et al., 2018). Tregs generally 
suppress the immune response by producing anti-inflamma-
tory cytokines, such as IL-10 and TGF-β (Kumar et al., 2018). 
During periodontitis, Tregs numbers increase proportionally 
in both local lesions and systemically as inflammation devel-
ops. Increased Tregs regulate local inflammation, limit it to a 
certain extent, which avoids excessive tissue injure resulting 
from the serious immune response. On the other hand, these 
increased Tregs produce more cytokines which are proved to 
be crucial in osteoclastogenesis, thereafter resulting in an im-
balance of alveolar bone homeostasis.

In our study, astragalus polysaccharide showed signifi-
cantly pleiotropic effects in Treg regulation. Astragalus pol-
ysaccharide significantly downregulated Foxp3+ Treg levels, 
which correlates with the results of the former studies (Zheng 
et al., 2020). Previous reports confirmed that astragalus poly-
saccharide was engaged in the proliferation and polarization 
of CD4+T cells, thereafter affecting the T cell-mediated immu-
nity	(Xue	et	al.,	2020).	This	effect	could	be	result	from	Foxp3	
suppression. Similar to the present study, earlier research also 
described Foxp3 suppression in animals treated by astragalus 
polysaccharide (Li et al., 2012). Foxp3, the remarkable identi-
fication of innate Tregs, dominates their immuno-suppressive 
function. Co-culturing of CD4+Tregs with astragalus polysac-
charide lead to a lower Foxp3 expression. Importantly, these 
CD4+Tregs could only show a weak immunosuppression (Liu 
et al., 2011). Although the whole mechanism is still unclear, 
toll-like receptor 4 (TLR4) might be crucial in this process. It is 
now generally accepted that TLR4 has a major role in constrain-
ing LPS mediated inflammation response (Płóciennikowska et 
al., 2015). The most convincing evidence comes from in vivo 
and ex vivo experiments in animals where pathogen infection 
or LPS injection enhanced TLR4 expression in Tregs. Research-
ers established that the TLR4 blockade prohibited the effect 
of astragalus polysaccharide on Tregs, and TLR4 manipulation 
enhanced the influence (Ren et al., 2018).

In addition to Foxp3 expression, we confirmed that astra-
galus polysaccharides increased the number of IL-10+ Treg 
cells but had no obvious effects on TGF-β expression, suggest-
ing that astragalus polysaccharide could have the potential to 
activate Tr1 cells. Correspondingly, IL-10 level in local lesions 
was remedied by astragalus polysaccharides administration 
during periodontitis. As a potent anti-inflammatory factor, 
IL-10 inhibits local inflammation and protects against alveolar 
bone destruction. IL-10 inhibits osteoclastogenesis by inhibit-
ing RANKL expression and NFATc1 function (Kawamoto et al., 

2016). Moreover, IL-10 promotes osteoblast differentiation by 
inhibiting TGF-β expression (Zhang et al., 2014). When re-
searchers knocked out the IL-10 gene in animals, osteoblast 
deficiency, and alveolar bone resorption were seen (Claudino 
et al., 2010). These mechanisms further enhanced the protec-
tive effect of astragalus polysaccharides on alveolar bone dur-
ing periodontitis.

Administration of astragalus polysaccharides not only 
modulates differentiation and polarization of host CD4+ 
Foxp3+ Tregs but also reduces the level of RANKL, which sub-
sequently results in the decrease of local osteoclastogenesis 
(Wang et al., 2019). In the present study, we found that the ad-
ministration of astragalus polysaccharide effectively alleviated 
alveolar bone destruction in animals with periodontitis. Alve-
olar bone homeostasis in periodontitis depends primarily on 
osteoblast-mediated bone formation and osteoclast-mediated 
bone destruction (Prieto Damm et al., 2013). In this process, 
RANKL-induced osteoclastogenesis plays a crucial role. Ani-
mal trials and clinical studies have confirmed the importance 
of RANKL in periodontal bone resorption (Kuritani et al., 
2018). As is reported, RANKL/OPG expression in the gingiva 
of patients with chronic periodontitis was significantly high-
er than that of healthy individuals. RANKL levels were also 
significantly higher in the body fluid samples of the patients, 
including gingival sulcus fluid, saliva, and peripheral blood 
(Verde et al., 2015). RANKL concentrations increased gradu-
ally from healthy individuals to individuals with gingivitis and 
then to periodontitis, no matter if measured in local lesions or 
systemically. In our study, astragalus polysaccharide effective-
ly reduced RANKL concentrations. Astragalus polysaccharide 
administration promoted a shifting from Th2 to Th1, thereaf-
ter down-regulated IL-4 (Zhou et al., 2018). IL-4 plays an es-
sential role in the maturation and function of effector B cells, 
by co-operating with BAFF (Granato et al., 2014). Generally, 
periodontal RANKL mainly expressed by B cells. Therefore, re-
duced IL-4 indirectly results in a decrease of local RANKL level.

Also, we show herein that astragalus polysaccharides not 
just prohibited RANKL expression, but also modulated RANKL 
mediated osteoclastogenesis. In cell culture experiments, we 
demonstrated that elevated astragalus polysaccharides con-
centration reduced the differentiation of osteoclast-like cells 
by down-regulating the expression of crucial molecules in a 
RANK-RANKL signalling, including RANK, TRAP, and TRAF6. 
As a receptor of RANKL, RANK is located on the surface of 
the osteoclast precursor cell. When RANK binds RANKL, its 
intracellular part is activated and then combined with TRAF6 
(Walsh and Choi, 2014). This combination promotes phospho-
rylation of inhibitory κ kinases and subsequently activates nu-
clear factor κ-B pathways, which results in the expression of 
TRAP and maturation of osteoclasts.

Besides osteoclastogenesis, astragalus polysaccharides 
were shown to promote osteogenesis in a variety of ways. 
When co-cultured with osteoblasts, astragalus polysaccharides 
significantly increased alkaline phosphatase and calcium lev-
els in osteoblasts with nodular formations (Gao et al., 2015). 
Moreover, it has also been demonstrated that astragalus pol-
ysaccharide promotes osteoblast differentiation from bone 
marrow mesenchymal stem cells, which also protects alveolar 
bone from inflammatory resorption (Jian et al., 2015).

 
Conclusions

In conclusion, our study confirmed the pleiotropic immuno-
modulatory effect of astragalus polysaccharide on Tregs dur-
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ing periodontitis. Of note, the presented research determined, 
for the first time, that astragalus polysaccharide reduces per-
iodontal osteoclastogenesis by decreasing local RANKL ex-
pression and prohibiting RANKL mediated osteoclast differ-
entiation. All our findings highlight the function of astragalus 
polysaccharide on protection of alveolar bone from inflamma-
tory erosion. What is more, these findings further illustrated 
the function of astragalus polysaccharide in the remedy of per-
iodontitis. Nevertheless, further investigations are still need-
ed to uncover more detailed mechanisms.
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