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1 Introduction
Rheumatoid arthritis is a kind of multiple-systemic 

and inflammatory autoimmune disease involving the joints. 
The  main clinical manifestations of rheumatoid arthritis are 
the symmetric joint swelling and pain, erosive synovitis, and 
even progressive joint injury and deformity (Dayer, 2003). 
Rheumatoid arthritis can lead to the patients’ pain, disability 
and loss of labor force. In addition, the rheumatoid arthritis 
patients are prone to suffer from a variety of chronic diseases, 
which seriously affects the functional status and life quality, and 
significantly reduces the life expectancy (Scott et al., 2000). At 
present, the drug therapy is the main means to treat rheumatoid 
arthritis. The drugs include non-steroidal anti-inflammatory 
drugs (NSAIDs), disease-modifying anti-rheumatic drugs 
(DMARDs), glucocorticoids and biological agents. NSAIDs, 
DMARDs and glucocorticoids are mainly used to relieve the 
joint pain and swelling symptoms of rheumatoid arthritis 
patients, and reduce the joint damage, but they cannot change 
the progress of disease (Gøtzsche, 1989; Ten Wolde et al., 1996; 
Cutolo, 2016). The biological agents mainly exert the therapeutic 
effect through intervening to the immune mechanism related 
to rheumatoid arthritis pathogenesis. Their effect is better than 
that of traditional drugs, but these drugs are expensive, and have 
the risk of causing tuberculosis, serious infection and tumor 
(Timlin & Bingham, 2014; Singh et al., 2015; Yun et al., 2016). 
Therefore, the new high-efficiency and low-toxicity drugs still 
need to be developed for treatment of rheumatoid arthritis.

There were many kinds of plant and their components 
have the anti-inflammatory and immunomodulatory activities 
(Costa et al., 2020; Prasanth et al., 2020). Koumine (molecular 
formula: C20H22N2O; molecular weight: 306.40148) is an alkaloid 
monomer isolated from the medicinal plant Gelsemium Elegans 
Benth.. Previous studies have shown that koumine has the 
anti-inflammatory, immunity-regulating and analgesic effects 
(Rujjanawate et al., 2003; Xu et al., 2012), but whether it can be 
used for treatment of rheumatoid arthritis is unclear. It is found 
that the imbalance of T helper 17 (Th17) and regulatory T (Treg) 
cells plays an important role in the development of rheumatoid 
arthritis (Boissier et al., 2008; Wang et al., 2012). This study 
established the collagen-induced arthritis (CIA) model of mice, 
and investigated the therapeutic effect of koumine on CIA and 
its relation with Th17/Treg immune balance.

2 Materials and methods

2.1 Extraction of koumine from Gelsemium Elegans Benth.

One kilogram dry powder (30-40  mesh) of Gelsemium 
Elegans Benth. root bark was prepared, and was placed in 10 L 
extraction flask, followed by adding 5000  mL chloroform. 
The reflux extraction was performed for 2.5 h. After filtering, 
the filtrate was concentrated by vacuum at 45 °C. The reddish 
brown concentrated solution was obtained. The filter residue 
extracted with 5000 mL chloroform again. After filtering and 
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concentration by vacuum at 45 °C, the second reddish brown 
concentrated solution was obtained. The two concentrated 
solutions were combined, followed by extracting with 1500 mL 
0.5% HCl solution for three times. The three times of extracted 
HCl solution were combined, and the pH was adjusted to 11 using 
5 mol/L NaOH solution, followed by extracting with chloroform 
for three times. The three times of extracted chloroform were 
combined. After concentrating by vacuum at 45 °C, the crude 
extract was obtained. The crude extract was loaded on the silica gel 
column, followed by gradient elution with different proportions 
of chloroform-methanol. The target elution solution was collected, 
and was concentrated by vacuum at 45 °C. The solid powder 
was recrystallized with acetone, and the final koumine product 
was obtained. The HPLC purity was 98.13%.

2.2 Establishment of CIA model

Bovine type II collagen was dissolved in 0.01 mol/L acetic 
acid solution to prepare the solution with final type II collagen 
concentration of 2 g/L. The solution was mixed with complete 
Freund adjuvant in the volume ratio of 1: 1, followed completely 
emulsifying. The mixed emulsion was obtained. Male Balb/c mice 
were fed adaptively for one week. On the first day of experiment 
(day 1), 100 μL mixed emulsion was intracutaneously injected into 
the caudal root of mice for the primary immunization. On day 21, 
100 μL mixed emulsion was injected into the caudal root by the 
same method for the strengthened immunization. The normal 
mice as control were injected with equal amount of normal saline. 
The success of modeling was determined by arthritis scoring

2.3 Animal grouping and treatment

Forty successfully modeled mice were randomly divided into 
model group and 2, 4 and 8 mg/kg koumine groups, 10 mice in 
each group. Another 10 normal mice were selected as control 
group. From day 22, the 2, 4 and 8 mg/kg koumine groups were 
given 2, 4 and 8 mg/kg koumine (HPLC purity ≥ 98%; Huzhou 
Zhanshu Biotechnology Co., Ltd., Huzhou, China) by gavage, 
respectively. The control and model groups were given the same 
amount of normal saline by gavage. The treatment was performed 
once a day, for three successive weeks (from day 22 to day 42).

2.4 Arthritis scoring

On day 22, 27, 32, 37 and 42, the degree of arthritis was 
evaluated using 5-grade arthritis scoring method as follows: 
0 point: no redness or swelling; 1 point: slight redness or swelling 
of local toes or ankle joints; 2 points: slight swelling of joint 
and toe; 3 points: swelling of and ankle joints; 4 points: redness 
and swelling of all toes and ankle joints or joint deformity. 
The cumulative scores of four limbs presented the arthritis index 
of each mouse. The arthritis index value ≥ 4 points indicated 
the successful molding of CIA.

2.5 Determination of peripheral blood inflammatory factors 
and Th17 and Treg cells

At the end of treatment, the blood was collected from the 
mice by the picking the eyeball. Partial blood was centrifuged at 

3000 r/min for 10 min, and the serum was obtained. The levels of 
interleukin-17 (IL-17) and interleukin-10 (IL-10) were determined 
using enzyme linked immunosorbent assay. Partial blood was 
loaded on the flow cytometry, and the percentages of Th17 and 
Treg cells were determined. The procedures were in accordance 
to the instructions of kits and equipments.

2.6 Determination of Foxp3 and RORγt protein expressions 
in spleen tissues

Western blot was used to determine the expression of Foxp3 and 
RORγt proteins in spleen tissues. The mice were killed. The spleen 
tissues were taken, and were added with RIPA tissue lysate. After 5 min 
of ice bathing, the mixture was centrifuged at 13000 r/min and 4 °C 
for 10 min. The supernatant was obtained and the protein content 
was determined by bicinchoninic acid method. A 50 μg protein 
sample was taken, and was loaded on sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. The separated proteins were 
transferred to polyvinylidene fluoride membranes, followed by 
blocking with 5% skim milk powder at room temperature for 1 h. 
The membranes were incubated with the primary antibody of Foxp3, 
RORγt and β-actin at 4 °C overnight, respectively. On the next day, 
the membranes were incubated with the horseradish peroxidase 
labeled secondary antibody at room temperature for 1 h. Finally, the 
membranes were developed with electrochemiluminescence reagent, 
followed by photographing and gray scanning. The gray value of the 
strip on membranes was analyzed with ImageJ software. The relative 
expression of protein was presented by the ratio of its strip gray value 
to β-actin strip gray value.

2.7 Statistical analysis

All data were shown by mean ± standard deviation, and were 
analyzed using SPSS 17.0 software. The statistical comparison 
was carried out with five groups using one-way analysis of 
variance (ANOVA), and then the differences among means 
were analyzed using Dunnett’s test. Differences were considered 
significant at P < 0.05.

3 Results

3.1 General condition of mice in five groups

In five groups, no mouse died during the treatment period. 
The mice in control group had normal diet and activities and 
glossy fur. The mice in model group presented decreased appetite, 
reduced weight, dull and dry fur, mild depilation, joint redness 
and deformity and lameness. Compared with control group, 
the mice in three koumine groups still the rheumatoid arthritis 
performances, but they were slighter than model group.

3.2 Comparison of arthritis index among five groups

At each time point, the arthritis index in model and 2, 4 
and 8 mg/kg koumine groups was significantly higher than 
that in control group, respectively (P < 0.05). On day 22, 27 
and 32, the arthritis index had no significant difference among 
model and 2, 4 and 8  mg/kg koumine groups, respectively 
(P  >  0.05). On  day 37 and 42, the arthritis index had no 
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significant difference between model and 2 mg/kg koumine 
groups, respectively (P > 0.05), but that in 4 and 8  mg/kg 
koumine groups was significantly lower than that in model 
group, respectively (P < 0.05) (Figure 1).

3.3 Comparison of peripheral blood IL-17 and IL-10 levels 
among five groups

At the end of treatment, the peripheral blood IL-17 
level in model and 2, 4 and 8 mg/kg koumine groups was 
significantly higher than that in control group, respectively 
(P < 0.05), and the IL-10 level in model and 2, 4 and 8 mg/
kg koumine groups was significantly lower than that in 
control group, respectively (P < 0.05). Compared with 
model group, in 4 and 8 mg/kg koumine groups the IL-17 
level was significantly decreased, respectively (P < 0.05), 
and the IL-10 level was significantly increased, respectively 
(P < 0.05) (Table 1).

3.4 Comparison of peripheral blood Th17 and Treg cell 
percentages among five groups

Table 2 showed that, at the end of treatment, compared 
with control group, in model and 2, 4 and 8 mg/kg koumine 
groups the peripheral Th17 cell percentage was significantly 
increased, respectively (P < 0.05), and the Treg cell percentage was 
significantly decreased, respectively (P < 0.05). Compared with 
model group, in 2, 4 and 8 mg/kg koumine groups the Th17 cell 
percentage was significantly decreased, respectively (P < 0.05), 
and the Treg cell percentage was significantly increased, 
respectively (P < 0.05).

3.5 Comparison of spleen tissue Foxp3 and RORγt protein 
expressions among five groups

At the end of treatment, the spleen tissue Foxp3 protein 
expression level in model and 2, 4 and 8 mg/kg koumine groups 
was significantly higher than that in control group, respectively 
(P < 0.05), and the RORγt protein expression level in model 
and 2, 4 and 8 mg/kg koumine groups was significantly lower 
than that in control group, respectively (P < 0.05). Compared 

with model group, in 4 and 8 mg/kg koumine groups the Foxp3 
protein expression level was significantly decreased, respectively 
(P < 0.05), and the RORγt protein expression level was significantly 
increased, respectively (P < 0.05) (Table 3).

Figure 1. Comparison of arthritis index of mice among five groups. aP < 0.05 compared with control group; bP < 0.05 compared with model 
group; cP < 0.05 compared with 2 mg/kg koumine group; dP < 0.05 compared with 4 mg/kg koumine group.

Table 1. Comparison of peripheral blood IL-17 and IL-10 levels among 
five groups.

Group n IL-17 (ng/L) IL-10 (ng/L)
Control 10 4.21 ± 0.63 74.63 ± 15.04
Model 10 7.82 ± 1.12a 42.38 ± 7.39a

2 mg/kg koumine 10 7.12 ± 1.03a 46.90 ± 9.77a

4 mg/kg koumine 10 6.40 ± 0.94ab 51.17 ± 7.28ab

8 mg/kg koumine 10 5.29 ± 0.73abcd 58.04 ± 10.51abcd

aP < 0.05 compared with control group; bP < 0.05 compared with model group; cP < 0.05 
compared with 2 mg/kg koumine group; dP < 0.05 compared with 4 mg/kg koumine 
group. IL-17, interleukin-17; IL-10, interleukin-10.

Table 2. Comparison of peripheral blood Th17 and Treg cell percentages 
among five groups.

Group n Th17 cells (%) Treg cells (%)
Control 10 0.47 ± 0.08 2.13 ± 0.15
Model 10 1.12 ± 0.24a 1.18 ± 0.15a

2 mg/kg koumine 10 0.95 ± 0.16ab 1.36 ± 0.16ab

4 mg/kg koumine 10 0.70 ± 0.18abc 1.52 ± 0.20ab

8 mg/kg koumine 10 0.62 ± 0.11abc 1.8 ± 0.26abcd

aP < 0.05 compared with control group; bP < 0.05 compared with model group; cP < 0.05 
compared with 2 mg/kg koumine group; dP < 0.05 compared with 4 mg/kg koumine group.

Table 3. Comparison of spleen tissue Foxp3 and RORγt protein 
expressions among five groups.

Group n RORγt/β-actin Foxp3/β-actin
Control 10 0.31 ± 0.03 0.63 ± 0.08
Model 10 0.57 ± 0.04a 0.29 ± 0.03a

2 mg/kg koumine 10 0.55 ± 0.02a 0.33 ± 0.04a

4 mg/kg koumine 10 0.47 ± 0.04abc 0.41 ± 0.03abc

8 mg/kg koumine 10 0.45 ± 0.06abc 0.50 ± 0.07abcd

aP < 0.05 compared with control group; bP < 0.05 compared with model group; cP < 0.05 
compared with 2 mg/kg koumine group; dP < 0.05 compared with 4 mg/kg koumine group.
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4 Discussion
Rheumatoid arthritis is a common chronic systemic 

autoimmune disease. At present, rheumatoid arthritis is mainly 
treated by NSAIDs, DMARDs, glucocorticoids and biological 
agents. These drugs have some curative effects, but they have 
some limitations more or less. In this study koumine with purity 
of 98.13% was obtained from Gelsemium Elegans Benth., and the 
therapeutic effect of koumine on CIA in mice was investigated. 
Results showed that, after treated with koumine, the rheumatoid 
arthritis symptoms of CIA were obviously relieved, and arthritis 
index was significantly decreased. This indicates that koumine 
has the therapeutic effect on CIA.

CD4+ T cells are the important adaptive immune cells, 
and their abnormal differentiation in rheumatoid arthritis 
has been paid more and more attention (Martens et al., 1997). 
Th17 and Treg cells are two subtypes of CD4+ T cells. Th17 cells 
mainly secrete IL-17, which is a strong inflammatory factor. 
IL-17 has biological activity at a very low concentration, and 
has a high affinity with the receptors. IL-17 can promote the 
infiltration of immune cells into the synovium of the joint, and 
stimulate fibroblasts to produce more pro-inflammatory factors 
(Chabaud et al., 2001). It has synergistic effect with IL-1, IL-6, 
TNF-α and other pro-inflammatory factors, further aggravating 
the inflammatory response (Amara et al., 2015). Treg cells can 
secrete IL-10, which inhibits the release of TNF-α, IFN-γ and 
other pro-inflammatory factors (Tabares et al., 2014). They can 
also play a direct role in repairing the tissues, promoting the 
immune tolerance, and maintaining the immune homeostasis 
(Hu et al., 2019). In our study, at the end of treatment, compared 
with control group, in other groups the peripheral blood IL-17 
level and Th17 cell percentage were significantly increased, 
and the IL-10 level and Treg cell percentage were significantly 
decreased. This suggests that, the Th17/Treg immune imbalance 
is involved in the CIA in mice. Compared with model group, 
in koumine groups the IL-17 level and Th17 cell percentage 
were significantly decreased, and the IL-10 level and Treg cell 
percentage were significantly increased. This suggests that, the 
koumine treatment can correct the Th17/Treg immune imbalance, 
thus alleviating the CIA in mice.

RORγt is the key transcription factor of Th17 cells, which 
can specifically regulate the differentiation and function of Th17 
cells (Dambacher et al., 2009). It is found that, in animals with 
RORγt deficiency, the number of Th17 cells is decreased, and the 
probability of autoimmune diseases is reduced (Ivanov et al., 2006). 
Foxp3 is a marker molecule of Treg cells. It plays a key role in the 
differentiation, development, maturation and immunosuppression 
of Treg cells. It is also the most sensitive marker of Treg cells 
(Arruvito et al., 2010). Foxp3 is antagonistic to RORγt. The balance 
of RORγt/Foxp3 can determine the differentiation direction of 
initial CD4+ T cells to Th17 or Treg cells after being stimulated 
by antigens, thus fundamentally affecting the occurrence and 
development of autoimmune diseases such as rheumatoid 
arthritis (Tada et al., 2016). Results of this study showed that, 
at the end of treatment, compared with control group, in other 
groups the spleen tissue RORγt protein expression level was 
significantly increased, and the Foxp3 protein expression level 
was significantly decreased. This confirms that the balance of 

RORγt/Foxp3 is broken in CIA mice. Compared with model 
group, in koumine groups the RORγt protein expression level 
was significantly decreased, and the Foxp3 protein expression 
level was significantly increased. This indicates that, the koumine 
treatment can regulate the RORγt/Foxp3 expressions, which may 
be related to its correcting the Th17/Treg immune imbalance 
in mice with CIA.

5 Conclusion
Koumine is obtained from Gelsemium Elegans Benth., and 

its purity is 98.13%. Koumine has therapeutic effect on CIA in 
mice. The mechanism may be related to its regulating the RORγt/
Foxp3 expressions, thus correcting the Th17/Treg immune 
imbalance. However, the other action mechanisms of koumine 
in treating CIA still need to be further explored.
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