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Abstract

Background: Rheumatoid arthritis (RA) is an autoimmune disease which causes disability and threatens the health
of humans. Therefore, it is of great significance to seek novel effective drugs for RA. It has been reported that
various ginsenoside monomers are able to treat RA. However, it is still unclear which ginsenoside is the most
effective and has the potential to be developed into an anti-RA drug.

Methods: The ginsenosides, including Rg1, Rg3, Rg5, Rb1, Rh2 and CK, were evaluated and compared for their
therapeutic effect on RA. In in vitro cell studies, methotrexate (MTX) and 0.05% dimethyl sulfoxide (DMSO) was set
as a positive control group and a negative control group, respectively. LPS-induced RAW264.7 cells and TNF-a-
induced HUVEC cells were cultured with MTX, DMSO and six ginsenosides, respectively. Cell proliferation was
analyzed by MTT assay and cell apoptosis was carried out by flow cytometry. CIA mice model was developed to
evaluate the therapeutic efficacy of ginsenosides. The analysis of histology, immunohistochemistry, flow cytometry
and cytokine detections of the joint tissues were performed to elucidate the action mechanisms of ginsenosides.

Results: All six ginsenosides showed good therapeutic effect on acute arthritis compared with the negative control
group, Ginsenoside CK provided the most effective treatment ability. It could significantly inhibit the
proliferation and promote the apoptosis of RAW 264.7 and HUVEC cells, and substantially reduce the swelling,
redness, functional impairment of joints and the pathological changes of CIA mice. Meanwhile, CK could
increase CD8+T cell to down-regulate the immune response, decrease the number of activated CD4+ T cell
and proinflammatory M1-macrophages, thus resulting in the inhibition of the secretion of proinflammatory
cytokine such as TNF-a and IL-6.

Conclusion: Ginsenoside CK was proved to be a most potential candidate among the tested ginsenosides for
the treatment of RA, with a strong anti-inflammation and immune modulating capabilities.
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Background

Rheumatoid arthritis (RA) is one of the most prevalent
chronic autoimmune diseases, characterized by joint de-
struction, synovium inflammation as well as vascular
proliferation [1]. The incidence of RA ranges from 0.5 to
1% worldwide, within women and the elderly accounting
for the majority [2, 3]. RA without effectively control
can reduce the quality of life and even may lead patients
to disability.

Currently, the drugs for RA treatment include non-
steroidal anti-inflammatory drugs, glucocorticoids, and
disease-modifying antirheumatic drugs (DMARDs) [4].
Based on the origin, DMARDs can be classified into
conventional synthetic drugs, biological drugs and biosi-
milars and targeted syntheticts, such as Janus kinase
(Jak) inhibitors tofacitinib [4-7].The leading DMARD is
methotrexate (MTX), which has been widely used to
treat RA in clinic. Biological agents are used when arth-
ritis is uncontrolled or toxic effects arise with DMARDs
[8, 9]. Although there are many drugs available, the
therapeutic effect of the drug in many patients is still
unsatisfactory. Moreover, anti-RA drugs are usually re-
stricted by their severe side effects, accompanied by in-
creased risk of osteoporosis [10], gastric mucosa damage
[11], metabolic disorders and secondary infections [12].
Therefore, a novel treatment approach with ideal cura-
tive effect and low toxicity is urgently needed.

In recent years, using traditional herbs to treat chronic
diseases has become popular. Panax ginseng Meyer, per-
taining to the Panax ginseng family, has been widely used
as a traditional Chinese medicine for thousands of years
[13]. The main active ingredients of ginseng are ginseno-
sides, which have been reported as having a variety of
pharmacological effects, including the treatment of cardio-
vascular and cerebrovascular diseases [14, 15], protective
effect on salivary dysfunction [16], anti-inflammatory [17,
18], immunomodulation [19], and so on.

Based on the structure, the dammarane type of ginse-
noside can be sorted into two types: ginseng diol-type A,
glycogen 20 (S) -original ginseng diol, and ginseng triol-
type B, aglycones for 20 (S) - original ginseng triol. The
former includes the majority of ginsenoside monomers,
such as ginsenoside Rb1, Rc, Rh2, Rg3, Rg5, and the lat-
ter contains ginsenoside Re, Rgl, and so on [14]. Besides,
ginsenoside CK is a metabolite in the intestinal tract of
natural diol ginsenosides.

Various ginsenoside monomers have been reported to
be effective in the treatment of RA. For instance, Chen
et al. [20] concluded that ginsenoside CK down-
regulates the percentage of activated T cells and up-
regulates the expression of naive T cells and Treg cells
in the spleen to relieve autoimmune arthritis. It may also
rely on T cells to down-regulate memory B cells to play
an anti-inflammatory effect [21] . Kim et al. [22] and
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Wang et al. [23] obtained the results that ginsenoside
Rb1 and ginsenoside CK can inhibit TNF-a upregulation
in peripheral blood mononuclear cells, fibroblast-like
synoviocytes and chondrocytes as well reduces cell infil-
tration and cartilage destruction in the arthritic joint.
Zhang et al. [24] found that ginsenoside Rgl ameliorates
adjuvant arthritis through increasing PPAR- y protein
expression, inhibiting IxBa phosphorylation and NF- xB
nuclear translocation.

Although many studies have reported the promising
therapeutic effect of ginsenosides for RA, no ginsenoside
has been approved as an anti-RA drug since their effect
and action mechanisms are not elucidated clearly. Since
most of the studies were carried out in different labs, the
results are not comparable. It is still unknown which
ginsenoside has the best therapeutic effect and is mostly
potential to be developed further. Thus, in this study, in
the light of the structure and pharmacological activities,
six ginsenoside monomers (Fig. 1a), Rgl, Rg3, Rg5, Rbl,
Rh2 and CK, were chosen to compare and evaluate on
the basis of their therapeutic effect on RA in vitro and
in vivo.

Methods

Reagents and drugs

Ginsenoside Rgl, Rg3, Rg5, Rb1, Rh2, CK (purity > 98% as
determined by HPLC) and methotrexate were purchased
from Dalian Meilun Biotech Co., Ltd. (Dalian, China). 3-
[4,5-dimethyl-2-thiazolyl]-2,5-diphenyl-2H-tetrazolium
bromide (MTT), tumor necrosis factor (TNF-a), lipo-
polysaccharide (LPS), Type IV Collagenase were pro-
vided by Sigma-Aldrich Company (St. Louis, MO,
USA). Propidium iodide (PI) and Annexin V-FITC
were acquired from BioVision Inc. (Milpitas, CA,
USA). Complete Freund’s adjuvant (CFA) and Type
II bovine collagen were obtained from Chondrex, Inc.
(Redmond, WA, USA). Mouse antibody CD45-Percp-
Cyanine5.5, CD4-FITC, CDS8-PE-Cy7, F4/80-FITC,
CD86-PE were purchased from BioLegend Co, Ltd.
(San Diego, CA, USA). TNF-a and the IL-6 ELISA
Kit were gained from Thermo Fisher Scientific
(Shanghai, China).

Research timeline

The first to the third month:Cell experiments were con-
ducted, including cell culture, cytotoxicity of ginseno-
sides experiments, cell proliferation assay and cell
apoptosis experiment.

The fourth to the twelfth month:Animal experiments
were carried out, including feeding mice, establishing
CIA models, treating CIA mice with ginsenosides and
evaluating arthritis index, analyzing histopathology, im-
munohistochemistry and immune cells by flow cytome-
try, detecting cytokines and evaluating safety.
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Fig. 1 The chemical structures of six ginsenoside monomers (a). The MTT assay results of six ginsenosides on the viability of RAW 264.7 cells (b)
and HUVEC cells (c) as a function of concentrations for 24 h. DMSO and MTX was served as a negative group and a non-ginsenoside positive
control group, respectively. Data were presented as the mean +SD (n =6). *p < 0.05, vs DMSO group
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Cytotoxicity of ginsenosides

RAW264.7 cells (Mouse leukemia cells of monocyte
macrophage) and HUVEC cells (Human umbilical vein
endothelial cells) were acquired from Cell Bank at the
Chinese Academy of Sciences (Shanghai, China). The
cells were cultured in DMEM medium supplemented
with 10% fetal bovine serum, 1% penicillin-streptomycin
in an incubator with 5% CO, at 37 °C.

MTX and six ginsenoside powders with 98% purity
were dissolved in DMSO respectively and then diluted
to the required concentration with serum-free medium.
The final concentration of DMSO was 0.05%, which is
not harmful to the cell viability. DMSO and MTX was
set as a negative control and a non-ginsenoside positive
control, respectively.

Cell proliferation assay

MTT assays were used to estimate the effects of ginse-
noside on the proliferation of LPS induced RAW?264.7
cells [25] and TNF-a induced HUVEC cells. In brief,
RAW?264.7 cells were cultured with LPS (100 ng/ml, final
concentration in the well) and HUVEC cells were cul-
tured with TNF-a (10 ng/ml, final concentration in the
well) for 24 h, followed by incubating with six ginseno-
sides at different concentrations. At the end of treat-
ment, MTT solution was added into each culture media
and incubated for 3 h. After that, the cell culture solu-
tion was removed and replaced by DMSO solution to
dissolve formazan crystals. Each well was placed in a
shaker at low speed for 10 min. Then the optical density
(OD) was measured at 570 nm using the microplate

reader, and the cell inhibition rate (%) was calculated ac-
cording to the formula as follows:

OD (ginsenosides group) — OD (blank wells)

N 7\ — 10097
cell inhibition rate (%) =100% OD (control group) - OD (blank wells)

Cell apoptosis assay

The cells in each group were collected, washed with
PBS, and double-stained with PI and Annexin V-FITC
based on manufacturer’s instructions. After incubation
at 37°C for 10 min, flow cytometry (Beckman Coulter,
Brea, CA, USA) was used to quantitatively analyze of cell
apoptosis. The number of necrosis (PI+), early apoptotic
cells (Annexin V +, PI-) and late apoptotic cells
(Annexin V-, PI +) were measured for further analysis.

Animals

Eight-week-old male DBA/1 mice were acquired from
Shanghai SLAC Laboratory Animal Co Ltd. and main-
tained in the SPF Animal Laboratory of Fudan Univer-
sity, where water and food were available ad libitum. All
in vivo experimental procedures were given permission
by the Animal Experiment Ethical Committee of Fudan
University (2017-03-YJ-SXY-01). Six mice were ran-
domly selected as normal mice and the rest were used to
prepare the CIA model.

Induction and treatment of CIA

Type II bovine collagen was dissolved in 0.1 mol/ml
acetic acid and mixed in an ice bath with an equivalent
concentration of 2 mg/ml of complete Freund’s adjuvant
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[26]. DBA/1 mice were injected intradermally with
100 pl above-mentioned emulsion at the base of the tail
twice. The first day of immunization was marked as day
0, and the second immunization injection was given on
day 21 [27]. In order to avoid the possible adverse effect
of DMSO and increase the stability of the solution, 0.5%
Tween-80 was added as a solubilizer to fabricate ginse-
noside solutions [28]. After the onset of joint swelling,
the CIA mice were randomly divided into seven groups
(n=6): CIA+0.5% Tween-80 as control group, CIA +
Rgl, CIA +Rg3, CIA + Rg5, CIA +Rbl, CIA + Rh2 and
CIA + CK as treatment groups. Treatment groups were
performed by intravenous injection of each kind of gin-
senoside (15 mg/kg) once every 2 days for 15 times. The
healthy mice without the administration of Freund’s ad-
juvant were given with equal PBS and set as normal

group.

Arthritis assessment

The typical characteristic of the occurrence and develop-
ment of RA is the degree of joint swelling. After the on-
set of arthritis, CIA mice were evaluated every 2 days by
two independent observers who were blinded to treat-
ment pattern. The evaluated rules are as follows: normal
appearance, scored 0; paws with swelling of one finger
joint, scored 1; paws with swelling of two or more finger
joints but not the entire paw, scored 2; moderate swell-
ing and redness in three joints or extend to the entire
paw, scored 3; severe inflammatory and swelling reaction
to the entire paw and ankle, scored 4 [29]. Four paws
were scored separately, with each animal’s limbs score
adding up to a maximum of 16. The score of each
mouse’s paws were accumulated as an arthritis index.
Typically, an arthritis score of 4 or more indicates that
the CIA has been favorably simulated [30]. At the end of
the experiment, joint tissues and organs were collected
after the mice were euthanized in the form of cervical
dislocation.

Histological analysis

The ankle joints of each group were skinned and fixed
in formalin for 48 h, then decalcified in 15% EDTA for 1
month. After decalcification, the tissues were embedded
in paraffin and sectioned at a thickness of 4 um. Sections
were stained with Hematoxylin and Eosin (H&E) to re-
veal the changes of joint tissue structure.

Immunohistochemistry study

Tissue sections in all groups were deparaffined before
incubation with specific primary antibodies (TNF-a and
IL-6), and then appropriate secondary antibodies were
added after antigen recovery and serum sealing. The nu-
clei of osteoblasts were stained yellow or brown revealed
TNF-a or IL-6 positive immunocytochemical reaction.
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Image-pro plus 6.0 (Media Cybernetics, Inc., Rockville,
MD, USA) Image analysis software was used to measure
the cumulative optical density (IOD) of TNF-a and IL-6
positive expression and the pixel area of the tissue, then
the mean density (IOD/AREA) was calculated.

Flow cytometric analysis

After peeled and cut, the mice joints were incubated
with a mixture of collagenase and DNA enzyme for 30
min (37 °C) and then homogenized via centrifugation at
3000 rpm for 10 min (4 °C), precipitated cells were ob-
tained and washed with PBS for 2 times before resus-
pended. The resuspended cells were evenly divided into
2 parts for macrophage and T cell analysis, respectively.
One part of cells was added into the mouse antibody
CD45-Percp-Cyanine5.5, CD4-FITC and CD8-PE-Cy7 to
analyze and screen T cells. After incubation in dark for
30 min, the surplus antibodies were washed with PBS
and resuspended for analysis by flow cytometer (BD Bio-
sciences). Another cell was added with mouse antibody
CD45-Percp-Cyanine5.5, F4/80-FITC, CD86-PE to label
macrophages, and the operations were consistent with
the above.

Cytokine detection

The collected joints of mice were homogenized after in-
cubating with collagenase and DNA enzyme mixture for
30min (37°C), the tissue supernatants were obtained
after centrifuging at 3000 rpm for 10 min (4 °C) and then
stored at — 80 °C refrigerator until analysis. TNF- « and
IL-6 levels were analyzed using ELISA kit. All proce-
dures were based on manufacturer’s recommendations.

Safety evaluation
To assess the safety of ginsenosides, major organs (in-
cluding the heart, liver, spleens, lung and kidneys) of the
mice were collected for paraffin embedding and H&E
staining. The sample were photographed with a fluores-
cent microscope.

Statistical analysis

The results were expressed as mean + standard deviation
(SD) and analyzed by GraphPad Prism v5.0 software.
The comparison of two groups was conducted by ¢ test,
and the comparison of multiple groups was conducted
by one-way analysis of variance (ANOVA) followed by
Dunnett’s test. p value lower than 0.05 was considered
statistically significant.

Results

Effects of ginsenosides on the viability of RAW264.7 cells
and HUVEC cells

Figure 1(b and c) showed the effects of six ginsenosides
on the viability of RAW 264.7 cells and HUVEC cells as



Zhang et al. BMC Complementary Medicine and Therapies (2021) 21:149 Page 5 of 12
p
B
2120%] 120%
3 =
g 100% F100%
@ 80%- < 80% -
© »
© 60% o 60% 4
N~ [&]
S 40% O 40% -
N w
S 20%- 3 20% 4
I
X 0% -a- DMSO 0% -&- DMSO

?’Q

N
PRI OO PD
& LEPEEE S

concentration(X=log(x))

Fig. 2 MTT assay results of six ginsenosides on the proliferation of RAW264.7 cells induced by LPS (a) and HUVEC cells induced by TNF-a (b) as a
function of concentrations for 24 h. DMSO and MTX was served as a negative group and a non-ginsenoside positive control group, respectively.
Data are presented as the mean + SD (n=6). *p < 0.05, vs DMSO group; °p < 0.05, vs CK group
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a function of concentrations. It was observed that 0.05%
DMSO had a slight effect on the cell viability, but no
statistically significance was found. From the results, it
could be concluded that ginsenoside Rgl, Rg3, Rbl and
MTX, do not affect the activity of RAW?264.7 cells or
HUVEC cells up to the concentration of 200 pg/ml
When Rg5, Rh2 or CK concentration was lower than
100 pg/ml, HUVEC cells grew normally. When the con-
centration of ginsenoside Rh2 and Rg5 was higher than
100 pg/ml or the concentration of CK was higher than
50 pg/ml, the growth of RAW 264.7 cell was obviously
inhibited. Based on the results, we further investigated
the inhibitory effect of ginsenosides on the proliferation
of RAW 264.7 cells and HUVEC cells, and the safe con-
centration of each ginsenoside was chosen, respectively.

Effects of ginsenosides on the proliferation of RAW264.7
cells induced by LPS and HUVEC cells induced by TNF-a
As shown in Fig. 2a, the proliferation ability of RAW?264.7
cells increased under LPS induction. No significant inhibi-
tory effect was observed for ginsenoside Rgl, Rg3 and Rbl
in the range of test concentration. Meanwhile, when the
concentration was higher than 50 pg/ml, Rg5, Rh2 and CK
exhibited certain inhibitory activity. At the concentration
of 50 ug/ml, the cell survival rates of CK, Rh2 and Rg5
groups were 35.54 +3.29%, 60.80+4.51% and 52.97 +
1.31%, respectively. Hence, the effect of CK was found to
be the strongest among six ginsenosides. Besides, the in-
hibition effect of Rh2 was higher than that of Rg5 when
the concentration reached to 100 pg/ml.

The results in Fig. 2b showed that the inhibition effect
of ginsenosides Rgl, Rg3, Rg5 and Rb1l on HUVEC cell
proliferation stimulated by TNF-a was not obvious
within the range of concentration. Meanwhile, Rh2 and
CK could suppress the proliferation in a concentration-
dependence mode. When the concentration reached to

100 pg/ml, the inhibition rate of CK and Rh2 groups was
54.06 + 2.94% and 46.9 + 4.83%, respectively. No effect of
0.05% DMSO was found, meanwhile, MTX, as a positive
drug control, had obvious inhibitory effect on the prolif-
eration of two kinds of cells.

Effects of ginsenosides on the apoptosis of RAW264.7
cells and HUVEC cells

In the course of arthritis, the proliferation of vascular endo-
thelial cells and macrophages will further lead to the forma-
tion of pannus and inflammatory response [31-33].
Therefore, promoting the apoptosis of these cells is condu-
cive to the treatment of arthritis. In order to further study
the mechanism of ginsenosides, Annexin V-FITC and PI
double staining were used to evaluate their effect on cell
apoptosis. Annexin V-, PI- means viable cells; Annexin V-,
PI+ means necrosis cells; Annexin V+, PI- means early
apoptotic cells and Annexin V+, PI+ means apoptotic cells.
The RAW264.7 cells apoptosis induced by 4% paraformal-
dehyde and the HUVEC cells apoptosis induced by H,O,
were taken as the control group, respectively. Based on the
results of the previous pharmacodynamics experiments, the
concentration of ginsenosides was chosen as 50 pg/ml.

The results in Fig. 3 showed that there was no signifi-
cant difference between control group and DMSO
group, indicating that 0.05% DMSO had no effect on the
apoptosis of cells. Ginsenosides could promote the apop-
tosis of two abnormal proliferation cells, compared with
the DMSO group. In contrast, the power of ginsenosides
inducing the apoptosis of HUVEC cells was stronger
than that of RAW264.7 cells. Besides, in RAW?264.7
cells, the percentage of later apoptosis induced by ginse-
nosides was higher than that of early apoptosis, while in
HUVEC cells, by contrary, with early apoptosis account-
ing for a larger proportion. What’s more, throughout the
whole apoptosis experiments, among six kinds of
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ginsenosides, Rh2 and CK showed the best apoptotic ef-
fects in both two cell lines.

Effects of ginsenosides on arthritis development in CIA
mice

The changes of CIA mice joint were used to evaluate
the treatment effect of ginsenosides against arthritis
development. Starting from the onset of arthritis, CIA
mice were scored every 2 days as described previously
[29]. As shown in Fig. 4a, compared with the healthy
mice in normal group, the limbs of CIA mice were
characterized by redness and swelling, and the arth-
ritis index scores of the control group were signifi-
cantly higher than those of normal group. On day 48,
the degree of joint swelling of control mice reached
to its peak. Nevertheless, started from day 30, the
mice in the treatment groups were injected with 15
mg/kg of ginsenosides once every 2 days, and the
mice in the control group and the normal group were
given the same dose of 0.5% Tween-80 and PBS.
After the treatment, ginsenosides Rgl, Rg3, Rg5, Rbl,

Rh2 and CK group had an arthritis index of 7.50 +
3.71, 850+3.14, 7.83+2.95, 8.33+2.74, 7.67+2.88
and 7.33 £ 3.295, respectively, while the control group
had a score of 10.00+2.08. Although the inflamma-
tion of the joint could not be completely inhibited,
the swelling of the mice in each group were alleviated
to different degrees, and the arthritis index was fell
off apparently as well, suggesting that ginsenosides
have therapeutic effects on arthritis. Among them, the
effect of ginsenoside CK on alleviating joint swelling
was stronger than that of other ginsenosides (Fig. 4b).

Effects of ginsenosides on joint histopathology

As demonstrated in Fig. 4c, the joint of normal mice was
healthy and well-structured. In the control group, the ar-
ticular surface was rough and the pannus were formed.
The cartilage surface was covered by fibrous tissues,
which hindered the nutrient absorption of normal cartil-
age. In the group of Rg3 and Rg5, the articular surfaces
were not smooth, and part of the cartilage was degener-
ated and replaced by granulation tissue rich in blood
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vessels. In Rbl group, the tissue structure looked
slightly abnormal, the surface of the joint was not
smooth, and a small amount of effusion could be ob-
served in the joint cavity. For the mice in Rh2 group,
except the surface of the joint was not very smooth,
no other pathological damage were found. Meanwhile,
the overall joint structure of the mice in Rgl and CK
groups were basically normal, with smooth joint sur-
face and normal chondrocyte structure, indicating
their good therapeutic effect.

Effects of ginsenosides on TNF-a and IL-6 protein
expression in joint tissues of CIA mice

From Fig. 5a, it could be found that after immunohisto-
chemical staining, the nuclei of osteoblasts were stained
yellow or brown, indicating the positive of TNF-a or IL-6.
The results showed that the positive expression of TNF-a
and IL-6 in the control group, which was evidently higher
than that in the normal group. Although six ginsenosides
have different effects on protein expression after drug inter-
vention, they all could decrease the protein expression of
TNF-a and IL-6 (Fig. 5b and c), demonstrating that ginseno-
sides have good inhibitory effect on the expression of TNE-
a and IL-6 protein. Among them, CK and Rh2 were proved
to be the strongest compounds to attenuate the injure.

In the pathogenesis of RA, a great deal of pro-
inflammatory cytokines are overexpressed, so it is import-
ant to measure the changes of pro-inflammatory cytokines
expression during the treatment [34]. In order to evaluate

the inhibitory effect of ginsenosides on proinflammatory
cytokines, the expression level of TNF-a and IL-6 in mice
joint tissue were further measured with ELISA kit.

As shown in Fig. 5(d and e), the levels of TNF-a and
IL-6 were soared in control group (19.84 + 3.5 pg/ml and
211.50 £ 17.46 pg/ml, respectively), compared with the
normal group (7.24 +2.15pg/ml and 60.21 + 11.92 pg/
ml, respectively). After ginsenosides treatment, the con-
tent of cytokines was reduced markedly, indicating that
ginsenosides could effectively inhibit the development of
inflammation, which is consistent with the original hy-
pothesis. And interestingly, among the six drug groups,
the ginsenoside CK group had the lowest concentration
of TNF-a and IL-6, which were reduced to 10.41 + 2.0
pg/ml and 108.03 + 16.86 pg/ml, respectively.

Effects of ginsenosides on M1-type macrophages and T
cells in arthritis

The aggregation of M1-type macrophages at the lesion
is related to the severity of RA [35], because they overex-
press chemokines and pro-inflammatory factors, such as
TNF-a and IL-6. Long-term pro-inflammatory reaction
will lead to joint tissue damage, so, reducing the activa-
tion of M1-type macrophages is also an effective ap-
proach for the treatment of RA. According to the
characteristics of M1-type macrophages, CD45+ CD86
and CD45+ F4/80 were co-expressed to label M1-type
macrophages, and their quantitative analysis could be
performed by flow cytometry [36]. As can be seen from
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the Fig. 6 (a and b), the CD45+ CD86+ F4/80+ macro-
phages were enriched in inflamed joints in CIA mice
compared with the healthy animals. After ginsenosides
intervention, the proportion of CD45+ CD86+ F4/80+
macrophages decreased to some extent. Although the
difference between the six groups of ginsenosides was
not particularly significant, the content of CD86+ F4/
80 + macrophages in CK group was the lowest among
the groups.

Besides the influence of macrophages on RA, activated T
cells, especially CD4 + T cells [37], also has a non-negligible
effect on RA. CD4 + T cells produce proinflammatory cyto-
kines and release a large number of inflammatory media-
tors, which can cause extensive damage to various systems
and organs throughout the body [38]. In addition, we also
learned that the frequency of CD8+ T cells in synovial fluid
of RA patients was inversely correlated with disease status
[39]. A subset of CD8+ T cells, mediated by IL-10 and
TGF-B, has suppressor regulatory functions [40]. These
cells were produced when attacked by homologous antigens
and control inflammation though effector T cells that
down-regulate the immune response [41]. Effector CD8+ T
cells lead to the death of infected cells by direct lysis or in-
duction of apoptosis [42]. These facts suggest that CD8+ T
cells are also involved in regulating inflammation in RA.

Therefore, flow cytometry was used to detect the con-
tent of CD45+ CD4+ T cells and CD45+ CD8+ T cells
in each group of mice, as shown in Fig. 6(c, d and e).
Compared with the healthy mice in normal group,

CD45+ CD4+ T cells accumulated significantly in the in-
flammatory joint of CIA mice, while CD45+ CD8+ T
cells were almost absent. Undergo the treatment of vari-
ous ginsenosides for RA, CD45+ CD4+ content in the
diseased mice was significantly decreased, while CD45+
CD8+ content increased obviously. These findings are
consistent with the previous that ginsenosides have anti-
inflammatory effects. Although the difference among the
effect of ginsenosides was not significant, the adjustment
effect of ginsenoside CK was also observed to be the
strongest.

Preliminary safety evaluation of ginsenosides

To assess the safety of ginsenosides, the major organs
(including the heart, liver, spleen, lung and kidney) of
the mice in each group were collected for H&E staining.
As shown in Fig. 7, the cardiomyocytes of healthy mice
were clear in structure and the cardiac fibers were long
and thin. In the control group, myofibril were unclear
and interstitial edema was obvious. The pathological
manifestations of the liver provided the information that
lobules in normal mice were intact, and the morphology
and structure of hepatocytes were radially arranged
around the central vein. In the control group, the hep-
atic cord was disordered and the hepatocytes showed
mild or moderate edema. The pathological results of
spleen showed that the spleen structure was clear in the
normal group and the boundary between white pulp and
red pulp was obvious, but the boundary between white
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pulp and red pulp was fuzzy in the control group. Renal On the contrary, under the guidance of drugs, the
pathology showed that the kidney structure of healthy mice  deterioration of organ morphology and structure of
was normal, with a small amount of interstitium and intact  mice in each drug group was not observed. And the
epithelial cells of renal tubules. In the control group, glom-  organ morphology tended to normalize, indicating
erular volume was enlarged, epithelial cells of renal tubules  that the toxic and side effect of ginsenosides was very

were edema and inflammatory cells were infiltrated. low.
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Discussion

RA is an autoimmune disease characterized by swollen
and deformed joints. If the disease were not controlled
timely and effectively, it will seriously affects the quality
of life, and even may leads patients to disability [43]. At
present, the age of the RA onset group is mainly 40—60
years old, but the age of patients group tends to be
younger [44]. Therefore, it is urgent to find effective
drugs to treat RA. In recent years, the development of
biological agents is a major progress in the treatment of
RA [45], by blocking the activity of inflammatory media-
tors that lead to rheumatoid arthritis [46]. However, due
to the lack of comprehensive consideration of the dis-
ease, the rehabilitation of patients in clinical treatment is
not optimistic. The obvious side effects of the drugs in-
crease the physical and mental burden of the patients.
Therefore, long-term use of a single biological agent
may not be the best way to treat RA.

The traditional plant medicine ginseng is both a
medicine and a tonic, so its side effects are not as
serious as biological agents. Studies have shown that
many kinds of ginsenoside monomers have thera-
peutic effects on rheumatoid arthritis. Although nu-
merous articles about the pharmacological abilities of
natural compounds are published every year, the re-
sults from different labs are not consistent, even for
same compound. Therefore, it is of significance to
compare the effect of different ginsenoside monomers
in one lab, find the most effective one and elucidate
its action mechanisms for the treatment of RA.

Through in vivo and in vitro experiments in the
present study, we could draw a conclusion that six kinds
of ginsenoside monomers have a certain therapeutic ef-
fect on rheumatoid arthritis. Among them, ginsenoside
CK has the best intervention effect, which can not only
significantly inhibit the proliferation of RAW264.7 cells
and HUVEC cells at low concentration, but also pro-
mote the apoptosis of abnormally proliferative cells.
Therefore, we speculate that ginsenoside CK has stron-
ger biological activity than other ginsenoside monomers
at the same dose. In the collagen-induced mouse experi-
ment, CK also showed the best evidence in substantially
reduced swelling, redness, functional impairment of
joints and the pathological changes, which have crucial
guidance for clinical rheumatoid arthritis patients, be-
cause it can significantly improve the quality of life.
Meanwhile, the use of ginsenoside CK increased CD8 +
T cell to down-regulate the immune response, reduced
activated CD4+ T cell number and proinflammatory
M1-macrophages resulted in the inhibition of the secre-
tion of proinflammatory cytokine such as TNF-a and IL-
6. This result is consistent with the hypothesis that
ginsenoside CK relies on T cells to exert its anti-
inflammatory effect and alleviate autoimmunity.
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Combined with the overall experiments, we were pleas-
antly surprised that ginsenoside Rh2 also showed a cer-
tain intervention effect on RA, which provided a new
idea for our future study. In addition, we found that
when detecting with ELISA method, the expression of
TNEF-a and IL-6 in the joints of CIA mice was obviously
higher than that measured by immunohistochemical
method, which may be caused by some non-specific sub-
stances retained during the process of sample treatment.
Thus, more attention should be paid to eliminate the
interference of false positive when using ELISA method
in the future.

The pathological mechanisms of RA has not been
clearly elucidated, although some anti-RA effects of gin-
senosides have been confirmed in the study, more stud-
ies needs to be developed to explore the intervention
effect of ginsenoside monomers on rheumatoid arthritis
from the perspective of signal pathways, and to demon-
strate why ginsenoside CK is superior to other ginseno-
side in RA treatment.

Conclusion

The intervention effects of ginsenosides Rgl, Rg3, Rg5,
Rb1l, Rh2 and CK on rheumatoid arthritis were com-
pared and evaluated in vivo and in vitro for the first
time. The results showed that ginsenoside CK has re-
markable curative effect on RA with a strong anti-
inflammation and immune modulating capabilities,
which is expected to be a candidate drug for the treat-
ment of RA.
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