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Abstract. The present study aimed to construct a rat model 
of rheumatoid arthritis (RA) to evaluate changes in pathology, 
the expression of inflammatory factors and regulation of 
signaling pathways. The protective effect of tetrandrine (Tet) 
on tissue lesions induced by RA was also investigated. A total 
of 60 Wistar rats (100-200 g) were randomly divided into six 
groups (n=10 per group), namely a blank (NC) group, model 
group, methotrexate (MTX) group (3 mg/kg body weight), 
high-dose Tet group (31.25 mg/kg body weight), medium-dose 
Tet group (18.75 mg/kg body weight) and low-dose Tet group 
(6.25 mg/kg body weight). A rat model of RA was induced via 
injection of 0.1 ml complete Freund's adjuvant into the right 
rear toe. Toe swelling rate, arthritis index and immune organ 
index were calculated. In addition, cyclooxygenase (COX)-2 
expression at the mRNA and protein level in the peripheral 
blood mononuclear cells (PBMCs) of rats were determined by 
reverse transcription-quantitative polymerase chain reaction 
and western blot analysis, respectively. Serum concentrations 
of inflammatory factors were measured using enzyme‑linked 
immunosorbent assays. It was observed that treatment with 
Tet alleviated the severity of rear toe swelling associated with 
RA in rats. Furthermore, Tet exerted anti‑inflammatory and 
immunosuppressive effects in the rat model of RA. Tet also 
reduced the expression of COX-2 in PBMCs and lowered the 
concentrations of inflammatory factors in the serum of RA rats. 
The present data indicate that Tet may exert pharmacological 
effects in the treatment of RA. The mechanism of action of Tet 
may be associated with the regulation of inflammatory factors 
and the inhibition of immune organs.

Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease 
characterized by symmetrical arthritis, with a morbidity 
rate among the highest of all autoimmune connective tissue 
diseases (1,2). The average global incidence of RA is 0.5-1%, 
whereas in China, the incidence rate reaches 0.32-0.36% (3). 
Globally, the highest incidence rates of RA are observed in 
individuals aged between 40 and 60 years, and the number of 
female patients with RA is 2- to 3-fold higher than that of male 
RA patients (4). RA mainly affects synovial joints, and also 
affects tunica serosa, the heart, lungs, blood vessels, nerves 
and eyes (5). It is accepted that RA is caused by pathological 
changes in humoral and cellular immunity (6). The pathoge-
nesis of RA includes synovial lining cell hyperplasia, interstitial 
inflammatory cell infiltration, angiogenesis, and destruction of 
cartilage and bone tissues (7). Clinically, RA is mainly treated 
with drugs such as nonsteroidal anti-inflammatory drugs, 
disease-modifying anti-rheumatic drugs, glucocorticoids, 
biological agents and botanical drugs (8-10).

Tetrandrine (Tet), typically administered as an oral tablet, 
is a bisbenzylisoquinoline calcium antagonist that acts to 
reduce total peripheral vascular resistance and blood pres-
sure (11). Tet also increases cardiac output and exerts muscle 
relaxant, antipyretic, analgesic and anti‑inflammatory effects, 
and may inhibit cell proliferation and induce apoptosis (12,13). 
In addition, Tet tablets may be used for the treatment of simple 
silicosis, anthracosilicosis, mild hypertension, rheumatalgia, 
arthralgia and neuralgia (14-16). However, it is not clear 
whether Tet is effective in the treatment of patients with RA 
and the mechanism of action of Tet on RA remains unknown. 
In the present study, a rat model of RA was used to investigate 
the index scores and expression of relative factors such as 
interleukin (IL)-6, IL-1β, and tumor necrosis factor (TNF)-α 
in the blood, as well as the effects of the Tet tablet on RA.

Materials and methods

Animals. A total of 60 Wistar rats (100-200 g; sex ratio, 1:1; 
mean age, 5-7 weeks) were purchased from the Teng Xin 
Experimental Animals Company (Chongqing, China). The rats 
were raised in an environment at 24±2˚C with 55±5% humidity 
and a 12 h light/dark cycle. All rats had free access to food 
and water. They were randomly divided into the following six 
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groups (n=10 per group): Blank (negative control, NC), RA 
model, methotrexate (MTX; 3 mg/kg body weight), high-dose 
Tet (31.25 mg/kg body weight), medium-dose Tet (18.75 mg/kg 
body weight) and low-dose Tet (6.25 mg/kg body weight). 
According to previous methods (17), all rat groups excluding 
the blank group were injected subcutaneously with 0.1 ml 
complete Freund's adjuvant (F5881; Sigma-Aldrich; Merck 
KGaA, Darmstadt, Germany) into the right rear toe to induce 
inflammation. On day 2 following adjuvant administration, 
intragastric drug treatments were initiated. The MTX group 
received intragastric administration of MTX (2.5 mg/tablet 
once every 3 days; 20150403; Shanghai Xinyi Pharmaceutical 
Co., Ltd., Shanghai, China) while the Tet groups received 
intragastric administrations of different concentrations of Tet 
(20 mg/tablet; H20063332; Beihai Yangguang Pharmaceutical 
Company Ltd., Beihai, China) at 11 a.m. every day. The 
blank group received saline alone (daily). All animal experi-
ments were conducted according to the ethical guidelines of 
Zaozhuang Municipal Hospital (Zaozhuang, China).

Right toe swelling test. Prior to establishment of the RA model, 
the initial volume of the right rear toe was determined using 
a swelling measuring instrument (PV-200; Chengdu Techman 
Software Co., Ltd., Chengdu, China) according to a pre viously 
published method (18). Following injection of complete 
Freund's adjuvant, the volume of the right rear toe was 
measured once a week. The toe swelling rate was calculated 
according to the following formula: (Current volume - volume 
before experiments)/volume before experiment x100%.

Arthritis index. The extent of arthritis in rats was scored every 
three days following injection with complete Freund's adjuvant. 
Arthritis index was determined according to the degree and 
area of erythema and the joint swelling and deformation status 
of the rear toe after immunization (19). Scoring was as follows: 
0, rats with normal joint status; 1, rats with mild erythema and 
swelling at the rear ankle; 2, rats with erythema and swelling 
at the rear ankle joint and tarsal; 3, rats with erythema and 
moderate swelling from the ankle to metatarsal or metacarpal 
joint; and 4, rats with severe swelling and erythema from the 
ankle to metatarsal.

Immune organ index. A primary function of the thymus is to 
produce T lymphocytes and secrete thymic hormone, and thus 
the thymus is principally involved in cellular immunity. High 
levels of lymphocytes and macrophages are present in the 
spleen, though there is a greater proportion of B lymphocytes 
present (20). Therefore, the spleen is more closely associated 
with humoral immunity. Indices of the thymus or spleen are 
expressed as the weight of the thymus or spleen (mg) per 10 g 
body weight. Thymus and spleen indices are dependent on the 
proliferation of lymphocytes and reflect immune function. On 
day 28 following adjuvant administration, all rats were sacri-
ficed by decapitation and the spleen and thymus were removed 
and wet-weighed to calculate indices of the thymus spleen. 
Indices of the thymus or spleen were calculated as follows: 
Weight of thymus or spleen (mg)/body weight (g) x103.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). On day 28, rats were sacrificed and blood 

was collected from the abdominal aorta. Peripheral blood 
mononuclear cells (PBMCs) were isolated from the blood 
according to the manufacturer's protocol (TBD2011RAT; 
Haoyang Biological Manufacture Co., Ltd., Tianjin, China) 
and lysed using TRIzol reagent (10606ES60; Yeasen Corp., 
Shanghai, China). Total RNA (30 µl) was extracted using the 
phenol chloroform method according to the manufacturer's 
protocol (RP2401; BioTeke Corporation, Beijing, China). The 
purity of RNA was determined using ultraviolet spectropho-
tometry (Nanodrop ND1000; Thermo Scientific, Waltham, 
MA, USA) according to the ratio of absorbance (A) at 260 and 
280 nm (A260/A280 ratio) following a previously published 
method (21). cDNA was subsequently obtained by reverse 
transcription using a TIANScript II cDNA Kit (KR107; 
Tiangen Biotech Co., Ltd., Beijing, China) from 1 µg RNA 
and stored at ‑20˚C. For qPCR, the following primers were 
used: Cyclooxygenase (COX)-2, forward 5'-CAG CCA TAC 
AGC AAA TCC TTG-3' and reverse 5'-CAA ATG TGA TCT 
GGA TGT CAAC-3'; and β-actin, forward 5'-CAC CAG GGC 
GTG ATG GT-3' and reverse 5'-CTC AAA CAT GAT CTG GGT 
CAT-3'. The qPCR reaction system (20 µl) contained 10 µl 
SYB-RGreen qPCR-Mix, 0.5 µl upstream primers, 0.5 µl 
downstream primers, 2 µl cDNA and 7 µl ddH2O (all provided 
in the SuperReal PreMix SYBR-Green kit; FP204, Tiangen 
Biotech Co., Ltd.). qPCR was performed using an iCycler iQ5 
real-time PCR detection system (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) and the PCR protocol was as follows: 
Initial denaturation at 95˚C for 30 sec, followed by 40 cycles 
of denaturation at 95˚C for 5 sec and annealing at 60˚C for 
34 sec. The 2-ΔΔCq method (22) was used to calculate the rela-
tive expression of COX-2 against the expression of β-actin. 
Each sample was tested in triplicate.

Western blotting. PBMCs were trypsinized and the resulting 
lysates collected. Pre-cooled radioimmunoprecipitation assay 
lysis buffer (600 µl; 50 mM Tris-base, 1 mM EDTA, 150 mM 
NaCl, 0.1% SDS, 1% TritonX-100 and 1% sodium deoxycholate; 
Beyotime Institute of Biotechnology, Haimen, China) was then 
added to the samples (final volume, 620 µl). Following lysis for 
50 min on ice, the mixture was centrifuged at 12,000 x g at 4˚C 
for 5 min. The protein concentration of the resulting supernatant 
was determined using a bicinchoninic acid protein concentra-
tion determination kit (RTP7102; Real-Times Biotechnology 
Co., Ltd., Beijing, China). Protein samples (20 µg) were then 
mixed with SDS loading buffer prior to denaturation in a 
boiling water bath for 5 min. Protein samples (50 µg) were 
then subjected to 10% SDS-polyacrylamide gel electropho-
resis. Resolved proteins were transferred to polyvinylidene 
difluoride membranes on ice (100 V; 2 h) and blocked with 
5% skimmed milk at room temperature for 1 h. Membranes 
were then incubated with rabbit anti-mouse COX-2 polyclonal 
primary antibody (1:1,000; ab52237; Abcam, Cambridge, UK) 
and rabbit anti-mouse β-actin primary antibody (1:5,000; 
ab129348; Abcam) at 4˚C overnight. After 3x15 min washes 
with PBST, membranes were incubated with goat anti-rabbit 
horseradish peroxidase-conjugated secondary antibody 
(1:3,000; ab6721; Abcam) for 1 h at room temperature, before 
3x15 min washes with PBST. Membranes were developed for 
imaging using an enhanced chemiluminescence detection 
kit (Sigma-Aldrich; Merck KGaA). Image Lab 3.0 software 
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(Bio‑Rad Laboratories, Inc.) was used to detect and analyze 
imaging signals. The relative content of COX-2 protein was 
expressed as a COX-2/β-actin ratio.

Enzyme‑linked immunosorbent assay (ELISA). Blood 
samples were centrifuged at 1,200 x g for 10 min under room 
temperature to isolate serum. Levels of interleukin IL-6, IL-1β 
and TNF-α were measured using ELISA kits (ERC003.96, 
ERC007.96 and ERC102a.96, respectively; Neobioscience, 
Shenzhen, China), according to the manufacturer's protocol. 
Absorbance at 450 nm was measured using a microplate reader 
(DG5033A; Nanjing Huadong Electronics Group Co., Ltd., 
Nanjing, China) within 15 min of terminating the reactions.

Statistical analysis. Results were analyzed using SPSS 18.0 
software (SPSS, Inc., Chicago, IL, USA). Data were expressed 
as the mean ± standard deviation. Multiple sets of measurement 
data were initially compared using one-way analysis of vari-
ance to test for normality. For data exhibiting homogeneity of 
varia nce, data were analyzed using Least Significant Difference 
and Student-Newman-Keuls methods. For data exhibiting 
heterogeneity of variance, Tamhane's T2 or Dunnett's T3 
methods were used. Each assay was repeated a minimum 
of 3 times. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Tet treatment alleviates the severity of rear toe swelling in a rat 
model of RA. To determine the effect of Tet on toe swelling in 
RA rats, a swelling measuring instrument was used. Following 
injection of complete Freund's adjuvant, visual observation 
showed that right toe swelling was apparent by 24 h in rats 
of the model group, and became aggravated on day 7. On 
day 21, the swelling became more severe, and the right rear 
toe exhibited partial loss of movement. On day 28, the majority 
of movement in the right rear toe had been lost. By contrast, 
swelling was alleviated in rats in the high dose group treated 
with Tet on day 7. Quantification showed that toe swelling rates 
in the MTX and high dose groups were significantly lower than 
that in model group on day 7, and those in the MTX and all 
dose groups were significantly lower than the model group on 
days 14, 21 and 28 (P<0.05 compared with model group; Fig. 1). 
These data suggest that treatment with Tet may alleviate the 
severity of RA-induced rear toe swelling in rats.

Tet exerts anti‑inflammatory effects in a rat model of RA. To 
determine the effect of Tet on the extent of arthritis in rats, 
an arthritis index was calculated. It was observed that the 
arthritis index in rats of the model group gradually increased 
within the first 18 days, reaching a peak on day 18, before 
decreasing between days 18 and 28. Following treatment, the 
arthritis indices of rats in the MTX, high dose and medium 
dose groups were significantly lower than that of rats in model 
group from day 12 to day 28 (all P<0.05 compared with 
model group; Fig. 2). These results indicate that Tet may exert 
anti‑inflammatory effects in rats with RA.

Tet exerts immunosuppressive effects in a rat model of RA. To 
evaluate the effect of Tet on immune organ indices, weights 

of the spleen and thymus following the experimental period 
(28 days) were used to determine thymus and spleen indices. 
The data indicated that treatment with MTX or Tet (low, 
medium and high dose groups) significantly decreased the 
thymus index (for MTX group and all Tet dose groups, P<0.05 
compared with model group; Fig. 3A) and spleen index (for 
MTX group and all Tet dose groups, P<0.05 compared with 
model group; Fig. 3B). Thus, Tet may exert immunosuppres-
sive effects in a rat model of RA.

Figure 1. Effect of Tet on the rate of toe swelling in RA rats. The MTX 
group received intragastric administration of methotrexate (3 mg/kg 
body weight) twice a week, while the Tet groups received daily intra-
gastric administration of different concentrations of Tet (31.25, 18.75 or 
6.25 mg/kg body weight). The NC group received normal saline alone 
once a day. Prior to model establishment, the initial volume of the right 
rear toe was determined using a swelling measuring instrument. Following 
injection of complete Freund's adjuvant, the volume of the right rear toe 
was measured once a week. Toe swelling rate was calculated as follows: 
Toe swelling rate=(Current volume-volume before experiments)/volume 
before experiment x100%. Data are expressed as the mean + standard 
deviation (n=10 per group). *P<0.05 and **P<0.01 vs. RA model group. 
RA, rheumatoid arthritis; Tet, tetrandrine; MTX, methotrexate; NC, blank 
negative control.

Figure 2. Effect of Tet on the arthritis index of RA rats. The extent of arthritis 
in RA rats was measured every three days following an injection of complete 
Freund's adjuvant into the right rear toe. The arthritis index was calculated 
according to the degree and area of erythema and the joint swelling and defor-
mation status of the rear toe following immunization. Data are expressed as 
the mean ± standard deviation (n=10 per group). *P<0.05 and **P<0.01 vs. RA 
model group. RA, rheumatoid arthritis; Tet, tetrandrine; MTX, methotrexate; 
NC, blank negative control.
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Tet reduces COX‑2 expression in the PBMCs of RA rats. 
To determine the effect of Tet on COX-2 expression at the 
mRNA and protein level in the PBMCs of rats, RT-qPCR and 
western blotting were performed, respectively. It was observed 
that COX‑2 was significantly upregulated at the mRNA and 
protein level in the PBMCs of the model group, relative to the 
blank (NC) group (both P<0.01). Following treatment, levels 
of COX-2 mRNA and protein in MTX group and all Tet dose 
groups were significantly reduced compared with the model 
group (for MTX and Tet dose groups, P<0.05 compared with 
model group; Fig. 4). These results indicate that Tet may down-
regulate the expression of COX-2 in the PBMCs of RA rats.

Tet reduces the concentration of inflammatory factors in the 
serum of RA rats. Using ELISA, levels of inflammatory factors 
in the serum of RA rats were measured. The data indicated that 
levels of of IL-1β (P<0.01), IL-6 (P<0.01) and TNF-α (P<0.05) 
in the model group were significantly higher than those in the 
NC group. In turn, treatment with MTX or Tet (low, medium 
and high doses) significantly reduced levels of inflammatory 
factors in the serum compared with the model group (MTX 
group and all Tet dose groups, P<0.05 compared with model 
group; Fig. 5). Therefore, Tet may lower the concentration of 
inflammatory factors in the serum of RA rats.

Discussion

Tet is a bisbenzylisoquinoline alkaloid extracted from the 
root of Stephaniae tetrandrae Radix, a plant belonging to 
the menispermaceae family. Tet comprises ~1% of the root of 
Stephaniae tetrandrae Radix (23), and has been documented 
to have numerous pharmacological effects (24), including 
anti-myocardial ischemia activities, inhibitory effects on 
platelet aggregation (25) and spasmolytic (26), anti-tumor (27), 
analgesic, anti-inflammatory (28), anti-ulcer and hepato-
protective effects (29,30). Tet has also been implicated in 
the regulation of immunity (31), hypoxia tolerance (14) and 
suppression of rheumatalgia, arthralgia and neuralgia (32,33).

RA is pathological change specific to the joints that is 
characterized by hyperplasia of synovial tissues, vascular 
exclusion and the formation of granulation tissues (34,35). 
In the pathogenesis of RA, inflammation that originates in 
the synovial membrane spreads to cartilage and bone tissues, 
leading to destruction of the joint structure. Inflammatory 
mechanisms also induce angiogenesis, which further accele-
rates joint damage and leads to joint deformity, rigidity and 
loss of function (36). RA is a chronic process and patients 
typically experience episodes of alternating occurrence and 
alleviation. Although individual cases differ, the morbidity 
rate of RA may reach 60-70% (37). Therefore, studies 
providing insight into the underlying mechanism of RA are 
warranted to identify novel therapeutic drugs. To date, it has 
been documented that a number of mRNA and microRNA 
molecules are involved in the pathogenesis of RA (38), and 
numerous inflammatory cytokines, including TNF-α and 
IL‑1, may participate in the damaging inflammatory responses 
observed in RA (39,40).

In the present study, rate of toe swelling and an arthritis 
index were measured, as indicators of the potential thera-
peutic effects of Tet on RA. It was observed that treatment 

with Tet alleviated swelling of the right rear toe of the rats. 
In particular, the effects of high-dose Tet (31.25 mg/kg 
body weight) were similar to that of MTX. As an approved 
drug for RA, MTX is more effective in the treatment of 
adjuvant-induced arthritis models compared with Tet (41). 
However, MTX may suppress the formation of bone marrow 
and affect liver and kidney functions. By contrast, Tet does 
not exert these side effects. The present study investigated 
the effects of Tet to compare the effects of Tet and MTX and 
to determine whether future studies into the combined use of 
both drugs are warranted.

Arthritis index measurements were comparable to those 
of the toe swelling assay. However, there was a discrepancy 
between the immunosuppressive effects of Tet and changes in 
the toe swelling rate and arthritis index, possibly due to the 
effects of Tet on lymphocyte activity. Nonetheless, thymus 
and spleen indices may serve as rough estimates of immune 
function.

The thymus and spleen are major immune organs in the 
body, with the thymus functioning as a central immune organ 
and the spleen as a peripheral immune organ. Changes in 
the thymus and spleen indices are considered to reflect the 
overall immune function of the body (42,43). The present 
study demonstrated that Tet decreased indices of the thymus 

Figure 3. Effect of Tet on immune organ indices. After the 28-day experi-
mental period, weights of the spleen and thymus were used to calculate the 
(A) thymus index and (B) spleen index. Thymus and spleen indices were 
calculated as follows: Weight of thymus or spleen (mg)/body weight (g) 
x103. Data are expressed as the mean + standard deviation (n=10 per group). 
*P<0.05 and **P<0.01 vs. model group. Tet, tetrandrine; MTX, methotrexate; 
NC, blank negative control.
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and spleen, suggesting that Tet may inhibit the functions of the 
thymus and spleen in RA rats.

COX‑2 is a major inflammatory enzyme that has a 
rate-limiting role in the synthesis of prostaglandin (44). COX-2 
also converts arachidonic acid into prostaglandin endopero-
xides, which are subsequently converted to thromboxane A2 
and prostaglandin to exert inflammatory effects (45). High 
expression of COX‑2 is considered to be a key sign of inflam-
mation (46). Results of the present study indicated that Tet 
reduced the expression of COX-2 at the mRNA and protein 
level in the PBMCs of RA rats, suggesting that Tet may inhibit 
inflammatory responses in the body. It has also been docu-
mented that pro‑inflammatory cytokines, including TNF‑α, 

IL-1β and IL-6, are upregulated in RA foci (47). Cytokines 
may be key etiological factors in RA that affect the destruction 
of joint and articular cartilage in patients with RA (48). The 
current study demonstrated that Tet treatment significantly 
reduced the concentrations of TNF-α, IL-1β and IL-6 in the 
serum of RA rats, which was consistent with results of the 
immune organ index and COX-2 expression assays.

A limitation of the present study was the absence of T- 
and/or B-cell activity assays, and thus these are warranted in 
future studies. In conclusion, the present study demonstrated 
that Tet alleviated the pathological manifestations of RA in 
rats. The underlying mechanisms regarding the effects of Tet 
may involve suppression of immune organs, downregulation 
of COX‑2 and a reduction in the release of blood inflam-
matory factors. Compared with MTX, the pharmacological 

Figure 4. Effect of Tet on COX-2 expression in the peripheral blood mono-
nuclear cells of RA rats. (A) Expression of COX-2 mRNA determined using 
reverse transcription-quantitative polymerase chain reaction. (B) Expression 
of COX-2 protein measured by western blotting. Representative western blots 
are shown. Values of COX-2 protein expression are relative to that of β-actin. 
Data are expressed as the mean + standard deviation (n=10 per group). 
*P<0.05 and **P<0.01 vs. model group. Tet, tetrandrine; COX-2, cycloxy-
genase-2; MTX, methotrexate; NC, blank negative control.

Figure 5. Effect of Tet on the concentration of inflammatory factors in the 
serum of RA rats. Serum levels of (A) IL-1β, (B) IL-6 and (C) TNF-α were 
measured using ELISA. Data are expressed as the mean + standard deviation 
(n=10 per group). *P<0.05 and **P<0.01 vs. model group. Tet, tetrandrine; 
IL, interleukin; TNF, tumor necrosis factor; MTX, methotrexate; NC, blank 
negative control.
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effects of Tet were not advantageous. However, as Tet has 
fewer side effects, studies into the use of Tet within combined 
or auxilia ry drug therapies for the treatment of RA are 
warranted.
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