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Abstract. (5R)‑5‑hydroxytriptolide (LLDT‑8) extracts from 
Tripterygium have anti‑inflammatory, antineoplastic and 
immunity adjustment functions. The present study used a 
collagen‑induced arthritis (CIA) model to evaluate whether 
LLDT‑8 prevents collagen‑induced arthritis, and investigated 
the signaling underlying this. Male Sprague‑Dawley rats were 
induced to generate CIA, mimicking rheumatoid arthritis 
(RA). The presence of arthritis was determined using RA 
progression scores. The inflammatory cytokines interleukin 
(IL)‑1β, IL‑6 and nuclear factor‑κB were detected using 
enzyme‑linked immunosorbent assay kits. Induced nitric 
oxide synthase (iNOS) and matrix metalloprotease (MMP)‑13 
protein expression were measured using western blot analysis. 
Lastly, reverse transcription‑quantitative polymerase chain 
reaction was used to evaluate osteoprotegerin (OPG) and 
receptor activator of nuclear factor κB (RANK) gene expres-
sion. LLDT‑8 improved RA progression scores and reduced 
the incidence and severity of CIA. Furthermore, LLDT‑8 
administration inhibited collagen‑induced inflammation 
and iNOS protein expression in arthritic rats. The current 
data indicated that MMP‑13 production was suppressed and 
OPG/RANKL expression was increased by LLDT‑8 treatment 
in the arthritic rat. The present results suggest that LLDT‑8 
attenuates CIA through OPG/RANK/RANK ligand signaling 
in a rat model of RA.

Introduction

Rheumatoid arthritis (RA) is a chronic, systemic autoimmune 
disease that is characterized by erosive arthrosynovitis (1). 

The incidence of RA in females is more than that in males, 
at a ratio of 1:3 (2). The mortality rate of RA in worldwide 
populations varies from 0.01‑0.05%, and prevalence rate is 
0.18‑1.07% (3). RA is also an impactful disease, resulting in 
labor loss and disability in China (2). According to US epide-
miological investigation over the last 40 years, the difference 
in mortality rate between RA patients and the general popula-
tion has increased (4). The risk of cognitive impairment for 
RA patients is higher than that of the general population (5). 
The etiology of RA is unclear. Previous studies suggest that 
RA is associated with genetic factors, infection, immunity and 
endocrine function (6,7).

The main pathological characteristics of RA are hyperplasia 
of synovial cells and T cell accumulation during inflamma-
tion of synovial tissues, accompanied by pannus formation, 
followed by damage to the cartilage and bone (8). Finally, 
RA causes joint deformity and functional loss  (9). These 
pathological changes may result from a combination of genetic 
mutations, activation of protooncogenes, lesions of synovio-
cytes, release of proinflammatory cytokines by inflammatory 
cells during infiltration of synovial tissues, chemotactic factors 
and enzymatic degradation of stromal proteins, amongst other 
factors (10). The etiology of RA is unclear, but it is universally 
believed to be a multifactorial disease, associated with genetic, 
environmental and infective factors (11). Autoimmunity may 
arise due to genetic factors, or as an aberrant reaction to infec-
tion by pathogenic agents. Numerous previous studies have 
reported that inflammatory factors have an important role 
in the development of RA. Despite this, the etiology of this 
disease remains uncertain (6,12,13).

Tripterygium is an ingredient in traditional Chinese 
medicine with anti‑inflammatory effects that is sourced from 
Anhui, Zhejiang, Hunan, Guangxi, Guizhou, Yunnan and 
Sichuan provinces. (5R)‑5‑hydroxytriptolide (LLDT‑8) is the 
extract of Tripterygium leaves, the main ingredients of which 
have a number of anti‑inflammatory and immunoregulatory 
functions (14). Due to its anti‑inflammatory and immuno-
suppressive effects, LLDT‑8 has an important role in the 
treatment of autoimmune diseases and immunorejection reac-
tions following kidney transplantation (15). The applications 
of LLDT‑8 are diverse. It has been confirmed by pharmacolog-
ical and clinical research that LLDT‑8 has anti‑inflammatory, 
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antineoplastic and immunoregulatory functions (16). Conse-
quently, it is widely employed in the treatment of abnormal 
immunity diseases such as RA, nephrotic syndrome, systemic 
lupus erythematosus, immunorejection reactions following 
organ transplantation, amongst others (14,17). In the present 
study, the ability of LLDT‑8 to prevent collagen‑induced 
arthritis (CIA), a model of RA, and the role of osteoprotegerin 
(OPG)/receptor activator of nuclear factor κB (RANK)/RANK 
ligand (RANKL) signaling in its prevention was evaluated in a 
collagen‑induced arthritis model.

Materials and methods

Animals and grouping. Male Sprague‑Dawley (SD) rats 
(weight, 260±20 g; Charles River Laboratories International, 
Inc., Wilmington, MA, USA) were used, with access to food 
and water ad libitum. Rats were maintained at 23‑24˚C, a 
humidity level of 55‑60% and under a 12:12 h light‑dark cycle. 
All experiments were approved by the Bioethics Committee 
of Beijing Friendship Hospital, Capital Medical University, 
Beijing, China. All SD rats were randomly divided into five 
groups, as follows: Control, RA model, RA treated (0.5, 1 or 
2 mg/kg LLDT‑8) once daily for 1 week (n=10 rats per group). 
These rats were sacrificed by an overdose of anesthetic (1% 
pentobarbital) after 1 week of treatment.

Induction and assessment of arthritis. CIA was used to 
mimic RA, and has previously been confirmed as a valid 
model of this (18). Type II collagen was obtained from the 
Tauto Biotech Co., Ltd, (Shanghai, China) and dissolved in 
0.1 M acetic acid. SD rats were injected at the tail base with 
2 mg/ml bovine type II collagen in Freund's complete adju-
vant for 1 week. In all subsequently described experiments, 
rats were sacrificed and arthritic joint tissue samples were 
used. Clinical arthritic scores were graded and analyzed by 
scoring each limb as follows: An absence of symptoms, 0; 
erythema or swelling of ≥1 digit, 1; erythema and moderate 
swelling extending from the ankle to the mid‑foot (tarsals), 2; 
severe and extensive swelling and erythema from the ankle 
to the metatarsal joints,  3; and complete erythema and 
swelling encompassing the ankle, foot and digits, resulting 
in deformity and/or ankylosis, 4. Arthritic joint tissues were 
lysed by homogenization in radioimmunoprecipitation assay 
buffer (Beyotime Institute of Biotechnology, Haimen, China) 
on ice for 30 min.

Measurement of inflammation. Arthritic tissue samples were 
obtained from every group and these were used to assay 
the levels of interleukin (IL)‑1β, IL‑6 and nuclear factor 
(NF)‑κB, determined using enzyme‑linked immunosorbent 
assay kits (Beijing Biosynthesis Biotechnology Co., Ltd., 
Beijing, China), performed according to the manufacturer's 
instructions.

Western blot analysis. Arthritic tissue samples were gath-
ered from each group and lysed using 1 nM phenylmethane 
sulfonyl fluoride containing sodium dodecyl sulfate (SDS) 
(Tauto Biotech Co., Ltd) on ice for 30 min. Protein concentra-
tion was determined using a bicinchoninic acid kit (Beyotime 
Institute of Biotechnology). A total of 40 g of protein from 

each sample was loaded onto 10% SDS‑polyacrylamide 
gels and subsequently transferred to polyvinylidene difluo-
ride membranes (Merck Millipore, Darmstadt, Germany). 
The membranes were blocked with 5% fat‑free dry milk 
in Tris‑buffered saline for 2  h at room temperature and 
incubated overnight at 4˚C with shaking, using antibodies 
as follows: Anti‑induced nitric oxide synthase (iNOS; 
cat. no.  13120; 1:1,000; Cell Signaling Technology, Inc., 
Danvers, MA, USA), anti‑matrix metalloprotease (MMP)‑13 
(cat. no. sc‑30073; 1:1,000; Santa Cruz Biotechnology Inc., 
Dallas, TX, USA) and anti‑β‑actin (cat. no.  BB‑2101‑2; 
1:5,000; BestBio Science Biotechnology Co., Ltd., Shanghai, 
China), all raised in rabbit. Antibody binding was analyzed 
with enhanced chemiluminescence (Beyotime Institute of 
Biotechnology), following treatment with goat anti‑rabbit 
horseradish peroxidase‑labelled secondary antibodies (cat. 
no. BB‑2202‑1; 1:5,000; BestBio Science Biotechnology Co., 
Ltd.) for 1‑2 h at 37˚C. The protein bands were detected using 
ImageLab software (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA).

Reverse transcription quantitative polymerase chain reac‑
tion (RT‑qPCR). Arthritic tissue samples were collected from 
each group, as above, and combined in Trizol reagent (Invi-
trogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
according to the manufacturer's instructions. Total RNA 
was extracted and 1 µg of total RNA was used to transcribe 
cDNA using the RevertAid First Strand cDNA Synthesis kit 
(Thermo Fisher Scientific Inc.). SYBR Green (Invitrogen; 
Thermo Fisher Scientific, Inc.), 1 µM of each primer and 
100‑200 ng cDNA per group were used to perform qPCR 
within a 7900HT PCR cycler (Applied Biosystems; Thermo 
Fisher Scientific). The OPG primer sequences used were 
as follows: 5'‑TTG​GCT​GAG​TGT​TCT​GGT‑3' and 5'‑TTG​
GGA​AAG​TGG​TAT​GCT‑3'; the RANKL primer sequences 
were as follows: 5'‑CAT​CGG​GTT​CCC​ATA​AAG‑3' and 
5'‑GAA​GCA​AAT​GTT​GGC​GTA‑3'; and the β‑actin primer 
sequences were as follows: 5'‑CTA​TCG​GCA​ATG​AGC​GGT​
TCC‑3' and 5'‑TGT​GTT​GGC​ATA​GAG​GTC​TTT​ACG‑3'. 
The PCR cycling reaction was performed as follows: Dena-
turation at 95˚C for 1 min, followed by 40 PCR cycles of 
denaturation at 94˚C for 30 sec, annealing at 58˚C for 45 sec, 
and extension at 72˚C for 30  sec; subsequently, samples 
were held at 4˚C until use. The relative gene expression was 
detected using the ΔΔCq method (19) and is plotted as the 
fold change compared with the control groups.

Statistical analyses. Data are presented as the mean ± stan-
dard error of the mean. A one‑way analysis of variance, then 
Student's t test was used to determine the difference between 
two groups. P<0.05 was considered to represent a statistically 
significant difference.

Results

LLDT‑8 reduces clinical arthritis scores. To determine the 
effects of LLDT‑8 in a rat model of CIA, clinical arthritis 
scores were reported (Fig. 1). CIA caused clinical arthritis 
scores to be significantly higher than those of the control 
group. Treatment with >1  mg/kg LLDT‑8 significantly 
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reduced the clinical arthritis scores in rat model of CIA in 
a dose‑dependent manner (P=0.0092 and 0.0057 in 1 and 
2 mg/kg LLDT‑8 vs. RA groups, respectively).

LLDT‑8 attenuates inflammatory responses. The effects 
of LLDT‑8 on inflammatory responses in the rat model of 
CIA were subsequently examined. As reported in Fig. 2, 
the levels of IL‑1β and IL‑6 were significantly increased 
compared with the control group. Comparatively, >1 mg/kg 
LLDT‑8 treatment significantly suppressed the CIA‑induced 
IL‑1β (P=0.0088 and 0.0049 in 1 and 2 mg/kg LLDT‑8 vs. 
RA groups, respectively) and IL‑6 increases (P=0.0094 
and 0.0061 in 1 and 2 mg/kg LLDT‑8 vs. RA groups, respec-
tively) (Fig. 2).

LLDT‑8 reduces iNOS protein expression. The effect of 
LLDT‑8 on the protein expression of iNOS in the rat model 
of CIA was detected using western blotting analysis. Notably, 
the iNOS protein expression in the CIA rat was significantly 
higher than that of the control group (Fig. 3). Furthermore, 

>1 mg/kg LLDT‑8 significantly reduced the iNOS protein 
expression in arthritic rats (Fig. 3; P=0.0071 and 0.0035 in 
1 and 2 mg/kg LLDT‑8 vs. RA groups, respectively).

LLDT‑8 reduces MMP‑13 protein expression. To examine 
the effect of LLDT‑8 on MMP‑13 in the rat model of CIA, 
western blotting analysis was used to analyze the MMP‑13 
protein expression. Compared with the control group, there 
was a significant increase in MMP‑13 protein expression 
in arthritic rats (Fig.  4). By contrast, >1  mg/kg LLDT‑8 
prevented the increase in MMP‑13 associated with the CIA 
rat model (Fig. 4; P=0.0068 and 0.0028 in 1 and 2 mg/kg 
LLDT‑8 vs. RA groups, respectively).

LLDT‑8 affects OPG gene expression. To investigate the 
effect of LLDT‑8 on OPG gene expression, this was detected 
using RT‑qPCR. In the present study, the gene expression 

Figure 2 LLDT‑8 reduces the inflammatory response in a rat model of 
CIA. LLDT‑8 decreases the levels of (A)  IL‑1β and (B)  IL‑6 in a rat 
model of CIA. RA, CIA‑induced rheumatoid arthritis model; 0.5 LLDT‑8, 
0.5  mg/kg LLDT‑8; 1  LLDT‑8, 1  mg/kg LLDT‑8; 2  LLDT‑8, 2  mg/kg 
LLDT‑8. **P<0.01 vs. control group, ##P<0.01 vs. RA group. IL, interleukin; 
LLDT‑8, (5R)‑5‑hydroxytriptolide; CIA, collagen‑induced arthritis. 

Figure 1. LLDT‑8 reduces clinical arthritis scores in a rat model of CIA. RA, 
CIA‑induced rheumatoid arthritis model; 0.5 LLDT‑8, 0.5 mg/kg LLDT‑8; 
1 LLDT‑8, 1 mg/kg LLDT‑8; 2 LLDT‑8, 2 mg/kg LLDT‑8. **P<0.01 vs. con-
trol group, ##P<0.01 vs. RA group. LLDT‑8, (5R)‑5‑hydroxytriptolide; CIA, 
collagen‑induced arthritis.

  A

  B

Figure 3. LLDT‑8 reduces iNOS protein expression in a rat model of CIA, 
as reported by (A) western blotting assay and (B) statistical analysis. RA, 
CIA‑induced rheumatoid arthritis model; 0.5 LLDT‑8, 0.5 mg/kg LLDT‑8; 
1 LLDT‑8, 1 mg/kg LLDT‑8; 2 LLDT‑8, 2 mg/kg LLDT‑8. **P<0.01 vs. con-
trol group, ##P<0.01 vs. RA group. iNOS, induced nitric oxide synthase; 
LLDT‑8, (5R)‑5‑hydroxytriptolide; CIA, collagen‑induced arthritis. 

  A

  B

Figure 4. LLDT‑8 decreases MMP‑13 protein expression in a rat model of 
CIA, as reported by (A) western blotting assay and (B) statistical analysis. RA, 
CIA‑induced rheumatoid arthritis model; 0.5 LLDT‑8, 0.5 mg/kg LLDT‑8; 
1 LLDT‑8, 1 mg/kg LLDT‑8; 2 LLDT‑8, 2 mg/kg LLDT‑8. **P<0.01 vs. con-
trol group, ##P<0.01 vs. RA group. MMP‑13, matrix metalloprotease; LLDT‑8, 
(5R)‑5‑hydroxytriptolide; CIA, collagen‑induced arthritis.

  A

  B
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of OPG in the CIA rat model was significantly lower than 
that of the control group (Fig. 5). Treatment with >1 mg/kg 
LLDT‑8 significantly increased OPG gene expression in CIA 
rat models (Fig. 5; P=0.0046 and 0.0011 in 1 and 2 mg/kg 
LLDT‑8 vs. RA groups, respectively).

LLDT‑8 decreases RANKL gene expression and increases 
the ratio of OPG to RANKL in a CIA rat model. In order to 
investigate the effect of LLDT‑8 on RANKL gene expres-
sion and the OPG to RANKL ratio, OPG and RANKL 
gene expression was detected using RT‑qPCR. A significant 
increase in RANKL gene expression was observed in CIA 
rats compared with the control group (Fig. 6A). However, 
>1 mg/kg LLDT‑8 significantly decreased the RANKL gene 
expression (P=0.0087 and 0.0045 in 1 and 2 mg/kg LLDT‑8 
vs. RA groups, respectively) and increased the ratio of OPG 
to RANKL (P=0.0062 and 0.0027 in 1 and 2 mg/kg LLDT‑8 
vs. RA groups, respectively) in the rat model of CIA (Fig. 6).

LLDT‑8 inhibits RANKL‑induced NF‑κB expression. To 
assess the mechanism by which LLDT‑8 affects the inflamma-
tory response via RANKL, NF‑κB expression was determined 
in arthritic rats. Compared with the control group, NF‑κB 

expression was significantly increased in the CIA rat model 
(Fig. 7). However, >1 mg/kg LLDT‑8 significantly inhibited 
this RANKL‑induced increased NF‑κB expression in CIA rats 
(Fig. 7; P=0.0047 and 0.0015 in 1 and 2 mg/kg LLDT‑8 vs. RA 
groups, respectively).

Discussion

RA is a chronic autoimmune disease, the major manifestation 
of which is bilateral and progressive polyarthritis (20). The 
mortality rate in patients with RA in China is 0.32‑0.36% which 
is slightly lower than that of the global average (5). Due to its 
chronic nature and high disability rates, 75% patients with RA 
would become disabled in 3 years without effective and timely 
treatment (21). In the present study, treatment with >1 mg/kg 
LLDT‑8 significantly reduced the clinical arthritis scores in a 
rat model of CIA. Therefore, LLDT‑8 may be a potential drug 
in RA treatment.

RA is an autoimmune disease resulting from dysfunction 
of the immune system, but its exact etiology has yet to be 
elucidated (22). In order to investigate the pathogenesis of the 
disease, it is therefore necessary to generate animal models (23). 
Animal models of arthritis and autoimmune arthritis are avail-
able, amongst which CIA is the best studied (24). The clinical 
symptoms and pathological characteristics of this CIA model, 
particularly inflammation of the joints, are similar or identical to 
RA (25). As a result, CIA is an ideal and commonly used animal 
model (26). In the current study, LLDT‑8 treatment significantly 
suppressed the CIA‑induced increase in IL‑1β and IL‑6 expres-
sion in the arthritic rat. These observations suggested that 
LLDT‑8 possesses anti‑inflammatory properties (14).

Increasingly, studies have reported upon the pathogen-
esis of osteoarthritis (OA), and on the roles of inflammatory 
cytokines and biomarkers in the occurrence and development 
of these diseases  (27). Nitric oxide (NO) is a lipid‑soluble 
inorganic molecule that diffuses rapidly through the plasma 
membrane (28). NO is a notable pathogenic molecule in the 
development of OA, with a half‑life of 3‑5 sec, and it indirectly 
and directly affects cartilage metabolism. Nitric oxide synthase 
(NOS) is a key enzyme in the generation of NO (29). During 
the development of OA, cartilage cells are impaired, caused by 
a release of inflammatory factors, which leads to the generation 
of NO (30). Released NO inhibits cartilage cell proliferation and 

Figure 7. LLDT‑8 inhibits RANKL‑induced NF‑κB activation in a rat 
model of CIA. RA, CIA‑induced rheumatoid arthritis model; 0.5 LLDT‑8, 
0.5 mg/kg LLDT‑8; 1 LLDT‑8, 1 mg/kg LLDT‑8; 2 LLDT‑8, 2 mg/kg 
LLDT‑8. **P<0.01 vs. control group, ##P<0.01 vs. RA group. NF‑κB, nuclear 
factor κB; RANK, receptor activator of nuclear factor κB; RANKL, 
RANK ligand; LLDT‑8, (5R)‑5‑hydroxytriptolide; CIA, collagen‑induced 
arthritis.

Figure 6. LLDT‑8 (A) decreases the RANKL gene expression and (B) increases 
the ratio of OPG to RANKL in a rat model of CIA. RA, CIA‑induced rheumatoid 
arthritis model; 0.5 LLDT‑8, 0.5 mg/kg LLDT‑8; 1 LLDT‑8, 1 mg/kg LLDT‑8; 
2 LLDT‑8, 2 mg/kg LLDT‑8. **P<0.01 vs. control group, ##P<0.01 vs. RA group. 
RANK, receptor activator of nuclear factor κB; RANKL, RANK ligand; OPG, 
osteoprotegerin; LLDT‑8, (5R)‑5‑hydroxytriptolide; CIA, collagen‑induced 
arthritis.

Figure 5. LLDT‑8 affect OPG gene expression in a rat model of CIA. RA, 
CIA‑induced rheumatoid arthritis model; 0.5 LLDT‑8, 0.5 mg/kg LLDT‑8; 
1 LLDT‑8, 1 mg/kg LLDT‑8; 2 LLDT‑8, 2 mg/kg LLDT‑8. **P<0.01 vs. con-
trol group, ##P<0.01  vs.  RA group. OPG, osteoprotegerin; LLDT‑8, 
(5R)‑5‑hydroxytriptolide; CIA, collagen‑induced arthritis.

  A

  B
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induces apoptosis (31). This would interfere with cell signaling, 
accelerate the degradation of the cartilage matrix, specifically 
the proteoglycan (32). Finally, this would aggravate cartilage 
injury  (33). The present results demonstrated that LLDT‑8 
significantly reduced the CIA‑induced iNOS protein expres-
sion in the arthritic rat. Zhou et al (15) previously reported that 
LLDT‑8 inhibited iNOS in interferon‑gamma‑ and bacterial 
lipopolysaccharide‑stimulated macrophages.

Previous studies have revealed that expression of MMP‑1 and 
MMP‑13 in cartilage and synovium were significantly higher than 
those of control group (34). With increasing time, expression of 
MMP‑1 increased (34). However, the expression of MMP‑13 was 
markedly decreased in the current study. MMP‑13 had an impor-
tant role in the early and intermediate stages of OA development, 
but MMP‑1 had a continuous role in its pathogenesis (35).

Previous studies indicated that RANKL, RANK and OPG 
are key regulatory factors in the generation, growth, activa-
tion and maturation of osteoclasts  (36). RANKL belongs to 
the tumor necrosis factor superfamily, acting as a ligand for 
the receptors RANK and OPG (37). RANK is located on the 
plasma membrane of osteoclast precursor cells, and the binding 
of RANKL to RANK promotes the differentiation and maturity 
of osteoclasts (38). The binding capacity of OPG to RANKL 
is higher than that of RANK to RANKL, which competitively 
binds RANKL, thereby competitively inhibiting its binding to 
RANK (39). Consequently, OPG may inhibit the differentiation 
of osteoclasts (39). The present results suggested that LLDT‑8 
increases OPG gene expression, decreases RANKL gene 
expression, increases the ratio of OPG to RANKL and inhibits 
RANKL‑induced NF‑κB expression in the current rat model of 
CIA. Shen et al (36) previously reported that LLDT‑8 inhibits 
osteoclastogenesis through RANKL/RANK/OPG signaling. 
The ratio of OPG/RANKL was significantly increased and was 
observed alongside suppression of the inflammatory response 
in the current study, which indicated that the effect of LLDT‑8 
on RA may be associated with the OPG/RANKL pathway. In 
conclusion, the present results indicated that LLDT‑8 had an 
anti‑arthritic effect by suppressing inflammation, and the iNOS 
and OPG/RANKL pathways. However, the specific mechanisms 
by which LLDT‑8 affects RA remain to be elucidated.
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