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Abstract

To investigate the inhibitory action of different doses of tripterygium hypoglaucum hutch (THH) on the
expression of hypoxia-inducible factor-1o (HIF-1a) in collagen Il-induced arthritis (CIA) rat model.

Material and methods: CIA rat model was established. Rats were randomly divided into five groups.
Rats in the treatment group were received high, moderate or low doses of THH for 30 ds, and drugs
administered by gastrogavage. Morphological changes of ankle joints and arthritis index (Al) were
observed. HIF-1a expression was examined by RT-PCR and immunohistochemical staining technique.

Results: THH inhibited joint swelling and destruction in CIA, significantly reduced the volume of
paw and arthritis index, suppressed HIF-1a expression and synovial membrane’s proliferation in CIA.

Conclusions: The results showed that THH had a good therapeutic effect on CIA rats. The mecha-
nism that HTT treatment RA may correlate with regulation of hypoxia inducible factor-1o. HIF-1a expres-
sion in both peripheral blood and synovial tissue.
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tis, rheumatoid arthritis, RA synovial tissue.

Introduction

Rheumatoid arthritis (RA) is a chronic, progressive,
systemic autoimmune disease. In RA, the basic pathologi-
cal changes in synovitis similar to tumor growth charac-
teristics [1]. Rheumatoid arthritis caused joint redness,
swelling, heat, pain and dysfunction in early stage [2-4],
changes and progressive erosion, stiffness, deformity, bone
loss, muscle atrophy and high morbidity. Rheumatoid arthri-
tis seriously impacts on the quality of life. Rheumatoid
arthritis is not only damaged the joints, but also caused the
serious complications and a variety of extra-articular man-
ifestations. Without proper treatment, RA would be delay
healing, and even lead to joint deformity in late stage [5].

Over the past century, there were drugs that inhibited
the progression of RA, e.g. disease-modifying anti-rheumat-
ic drugs (DMARD:s) and biological agents, but the effica-
cy of the treatment effect is limited [6-8]. Rheumatoid
arthritis treatment using the Chinese herbs had evolved over
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thousands of years of clinical application. The application
was limited because the drugs had more or less toxic and
side effects [9, 10]. Tripterygium hypoglaucum hutch
(THH) is a traditional Chinese herbal medicine, also known
as pink back hook, huobahuagen, smilax, with its active
ingredients alkaloids (triptolide type alkali, etc.), diterpene
type (epoxy diterpene lactones), triterpenes (triptolide a-le-
vel), mainly have the effect of anti-inflammatory, immune
and the effect of anti-tumor [11]. Compared with triptery-
gium, THH takes the advantages of safety and lower toxi-
city, providing curative effect for the clinical treatment of
rheumatoid arthritis, lupus and other autoimmune diseases
[12]. Pathological features and immunological character-
istics of collagen II-induced arthritis (CIA) rat model are
similar to human RA, so the CIA rat model become the best
animal model for study of RA. We confirmed that HIF-1a
existed in RA synovial tissue and it is related to the degree
of inflammation. It indicates that HIF-1a plays an impor-
tant role in RA synovial tissue and angiogenesis [4, 12].
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Material and methods
Animals

Sixty healthy Wistar rats (male and female, weighing
150-180 g, animal level: SPF) provided by the Laboratory
Animal Center, Guilin Medical University. Animal Exper-
imental Ethical Inspection No: SCXK Gui 2007-0001.

Reagents

Tripterygium hypoglaucum hutch (THH) was purchased
from Chongqing Pharmaceutical Research Institute Co.,
Ltd. China. Dexamethasone was provided by Shandong
Lukang Pharmaceutical Co., Ltd.; Bovine collagen type II
was purchased from Chondrex Company, USA. Freund’s
incomplete adjuvant (IFA) was purchased from Sigma,
USA. Concentrated mouse monoclonal anti-HIF-1a anti-
body was purchased from Abcam, Inc.UK. Ready-to-use
goat anti-mouse secondary antibody was provided by
Fuzhou Maixin Bio-engineering Co., Ltd. China. TRIZOL
was purchased from Invitrogen Corporation, USA. RT-PCR
kit was provided by Dalian Bao Bio-engineering Co., Ltd.
China. MARK was provided by Shenggong Bio-engineer-
ing Technology Services Co., Ltd. Shanghai, China.

Establishment of rat model

Animal groupings and labeling

Ten rats were assigned to the control group without
treatment. The remaining 50 rats were randomly divided
into five groups of 10 rats each after CIA rat model was
established. They were the control, the dexamethasone treat-
ed, the THH treated groups (high, moderate and low doses
of THH were given, respectively). Animals in each group
were numbered at random from 1 to 10.

Animal vaccination

Collagen II-induced arthritis (CIA) rat model is estab-
lished by vaccination [13]. Rats were injected into the roots
of the rear and tail with 0.5 ml of the emulsion which was
mixed by Collagen II and incomplete Freund’s adjuvant,
the emulsion elicit immune responses. The same emulsion
was injected 14 d after the primary immunization. Anes-
thesia was given by intraperitoneal injection of 10% chlo-
ral hydrate (3-3.5 ml/kg). The rat dorsal root hair was cut,
both the heads and tails were fixed after alcohol disinfec-
tion. Rats were injected with 0.5 ml of the emulsion. Imme-
diately after the injection, a white lump could be seen on
the skin.

Drug treatment

Drug therapy started 28 d after the first immunization.
The rats in group A (the control) received saline (0.2 ml/
kg/d). The rats in group B, C, D, E, F were infused with
dexamethasone (0.08 mg/kg/d), high dose of THH
(400 mg/kg/d), moderate dose of THH (300 mg/kg/d) and
low dose of THH (200 mg/kg/d), respectively. The rats were

Il-induced arthritis rat model

administered intragastrically once a day for 30 consecutive
days.

Semi-quantitative RT-PCR analysis
of hypoxia-inducible factor-1a expression
in peripheral blood

After treatment, rats were anesthetized and blood was
obtained from heart to extract HIF-1oo. mRNA for PT-PCR
analysis. The total RNA was extracted by Trizol from blood
sample of 1 ml that obtained from heart, adding nuclease-
free water, stored at —80°C. According to the instructions
of the two-step RT-PCR Kkit, first strand synthesis of DNA
was obtain from the following step. First is deformation and
annealing response: Nuclease-free water was added into
dNTP Mixture 1 pl, oligo Dt Prime 1 pl and template RNA
3 ul to total volume of 10 ul, kept at 65°C for 5 min, 4°C
and then stored at —20°C. 10 pl of the same denaturation
stock solution after annealing, 5 x PrimeScript™ buffer
4 pl, RNase inhibitor 0.5 ul, PrimeScript™ Rtase 0.5 pl and
RNase free dH,O 5 ul were taken, kept at 45°C for 30 min,
95°C for 5 min and then stored at —20°C. Then, PCR reac-
tion system consists of 10 x PCR Buffer a5 pl, AINTPMix-
ture 2 pl, upstream primer 0.5 pl, downstream primer 0.5 ul
and TaKaRa EX Taqg™ HS 0.5 pl. GAPDH was selected as
an internal control, GAPDH primer sequences were:
upstream 5’-TCC CTC AAG ATT GTC AGC AA-37;
downstream 5’-AGA TCC ACA ACG GAT ACA TT-3;
fragment length: 303 bp. HIF-lo primer sequences
upstream: 5’-ACA GGA TTC CAG CAG AC-3’; down-
stream: 5’-TTC CAA GAA AGC GAC AT-3’; fragment
length: 461 bp. Reaction conditions: 94°C 30 s, 50°C 30's,
72°C 45 s, 30 cycles. Stored at 4°C. 5 pl of the reaction prod-
uct was then determined by agarose gel electrophoresis.

Immunohistochemical detection
of hypoxia-inducible factor-1a expression
in synovial tissue

Anti-HIF-1a antibody as the first antibody. Instead of
anti-HIF-1a., phosphate buffered saline (PBS) was used for
the negative control. Breast cancer was used as positive con-
trol. The immunohistochemical staining was performed
according to the instructions of SP kit.

Observation of index

The general status of rats and weight measurements

Changes of hair color, consciousness, activity status,
appetite and joint swelling degrees were observed, body
weight of each rat was recorded once a week.

Arthritis index [14]

Four scores method were using. According to the degree
of swelling in rat ankle, metatarsophalangeal joints and
numbers of the affected joints. Normal: O score, swelling
in 1 joint: 1 score, swelling in 2 and more than 2 joints:
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2 scores, swelling severely in ankle joints: 3 scores, ankle
joints and feet severely inflamed: 4 scores. All feet severe-
ly inflamed including all ankle joints and claws, sometimes
the feet couldn’t bear the body weight. The limbs were
scored, respectively, and the arthritis index (AI) was calcu-
lated for each individual rat by assessing the presence and
severity of joint inflammation.

Semi quantitative RT-PCR analysis

Gray scale scanning was performed on electrophore-
sis strips using an image acquisition and analysis system
between the different groups. The ratio between the gray val-
ue of HIF-1oo. mRNA and GADPH bands) was taken as meas-
uring parameters, HIF-1lo. mRNA expression was analyzed.

The synovial pathology score

The synovial pathology score [15] was using under the
HE staining, through following 3 aspects: synovial cell
hyperplasis, inflammation and angiogenesis of synovial
underlayer. Scores of synovial cell hyperplasia: less than
3 layers: O score, 3-4 layers: 1 score, 5-6 layers: 2 scores,
more than 6 layers: 3 scores. The degrees of inflammation:
no lymphocyte infiltration: 0 score, lymphocytic aggrega-
tion: 1 score, diffuse distribution of lymphoid follicles:
2 scores, lymphoid follicles associated with germinal cen-
ter: 3 scores; Angiogenesis scores: no new blood vessels
developed: 0 score, mild angiogenesis: 1 score, moderate:
2 scores, severe: 3 scores. The accumulative summation in
the above 3 aspects was the total pathology score.

Assessment and grading the results
of immunohistochemical staining

With reference to the method reported by Birner et al.
[16], after the immunohistochemistry staining. Ten fields
of each slice were randomly observed (10 x 40). Score was
given in accordance with (1) the positive immunohisto-
chemistry staining grade. Scored 0 for no colour, the same
as the background-colour of slice; Pale yellow scored 1,

slightly higher than the background-color; Brownish yel-
low scored 2, obviously higher than the the background-
colour and reddish brown scored 3. (2) The percentage of
positive cells of immunohistochemistry staining. Scored 0
for negative; Scored 1 for less than 10%; Scored 2 for 11%
—50%:; Scored 3 for 51% — 75% and over 75%, scored 4.
(3) A positive result was determined by multiply of two inte-
grals. HIF-1a positive cells in both cytoplasm or nucleus
dyed brownish yellow or reddish brown.

Statistical analysis

Data were processed by SPSS16 statistical software.
Data on normal distribution were expressed by x + s. One-
way analysis of variance (ANOVA) was applied to test the
differences among the groups. P < 0.05, it was considered
to be statistically significant.

Results
Collagen II-induced arthritis rat model

In the model group (50 rats), ankle and toe metatar-
sophalangeal joint swelling was found on 12 days after the
first immunization. Swelling was not observed in the nor-
mal control group. A significant reduction in joint swelling
in all treatment groups after treatment, among them, the
effect of dexamethasone is best, but the feet of rats in the
model group were still swollen.

Changes of rat arthritis index and the degree of joint
swelling

Rats in the normal control group shows no swelling.
Surface redness of the rat toes begin to be seen in the mod-
el group rats after 7 days from the first vaccination. Skin
temperature is increasing, paw swelling, joint stiffness,
activity limitation appeared, and then the swelling of joints
begin to reduce. After the treatment, all symptom is remis-
sion (Fig. 1). With the development of inflammation, Al
increased gradually (Table 1). In the control group, Al < 1.

=

Fig. 1. The swell degree of model group and the treatment group. A) Model of the control group; B) Treatment group
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Table 1. Comparison of the arthritic index (Al) of rats

Il-induced arthritis rat model

Group Case Day 1 Day 28 Last day
normal control 10 0.500 +0.707 0.300 +0.483b 0.400 +0.516>
model control 10 0.500 +0.527 9.800 +2.0982 7.300 +1.3372
dexamethasone treatment 10 0.300 +0.483 10.300 +2.5842 2.700 £0.8232b
high-dose treatment 10 0.400 +0.516 10.000 +£3.4642 3.500 £1.9002b
moderate-dose treatment 10 0.200 £0.421 9.400 £2.3192 3.100 +1.4492b
low-dose treatment 10 0.400 +0.699 9.600 +2.0662 3.900 +2.234ab

Acompare to the normal control group (p < 0.05)
beompare to the model control group (p < 0.05)

Fig. 2. Histologic analysis of ankle joints on HE staining. A) Normal control group (original magnification 200x); B) Model of
the control group (original magnification 200x); C) Treatment group of dexamethasone (original magnification 200x); D) Treat-
ment group of high-dose THH (original magnification 200x); E) Treatment group of moderate-dose THH (original magnifica-

tion 200x); F) Treatment group of low-dose THH (original magnification 200x)

The Al in the model group reached a peak level in 21 d, and
then decreased.

Pathological changes in rat ankle joints

Normal rat synovium consists of 1 to 2 layers of syn-
ovial flat cells, without inflammation and angiogenesis,
structural integrity of joints, thick cartilage layers, smooth
surface, no structural damage (Fig. 2A).

In the CIA model groups, the synovial cell layers
increased to 10-15, synovial hyperplasia led to formation
of the pannus, inflammatory cell infiltration. As the syn-
ovial hyperplasia, intra-articular synovial cell layers growths
like fluff, with a lot of fluff inflammatory cell infiltration.
Along with time passing, the cartilage and the surface of hya-

line cartilage began to damaged, local fibrosis, joint fibrous
tissue adhesions and joint bone was damaged (Fig. 2B).

Dexamethasone had the best therapeutic efficacy in the
treatment groups. Normal 2-3 layers of synovial cells were
seen in the tissues, almost no inflammatory cell and caused
some bone tissue destruction during the model was estab-
lished (Fig. 2C).

The high dose THH had anti-inflammatory effect. There
were very few inflammatory cells, synovial cell layers
increased to 5-6 layers, slightly increased comparing with
the normal control group, but there was little destruction of
bone (Fig. 2D).

The moderate dose THH group had the best therapeu-
tic effect in the three THH treated groups. Layers in normal
levels; inflammation and the pannus disappeared (Fig. 2E).
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Table 2. Pathological scores of CIA synovium, log (x + s)

Group Total score Synovial hyperplasia  Inflammatory cell infiltration Neovascularization
normal control 0.090 +0.145b 0.010 £0.001b 0.024 £0.010P 0.012 +0.003b
model control 0.771 £0.0812 0.477 £0.0012 0.145 +0.0462 0.276 +0.1622
dexamethasone treatment 0.474 +£0.1312.b 0.047 +0.151> 0.086 +£0.025> 0.120 +0.155
high-dose treatment 0.635 £0.0922.b 0.293 +0.1742b 0.951 +0.030 0.210 +0.1452
moderate-dose treatment 0.574 +0.1312.b 0.306 +0.1302.b 0.010 +0.004> 0.201 £0.1512
low-dose treatment 0.640 +0.1122b 0.341 +0.1482.b 0.050 £0.014b 0.246 +0.1682

Acompare to the normal control group (p < 0.05)
beompare to the model control group (p < 0.05)

Therapeutic efficacy of the low dose treatment group
was not so obvious, a small amount of inflammatory cells
existed, and bone and joint tissues were destroyed. This
would be because of the insufficient dose (Fig. 2F).

Pathological scores of CIA ankle synovium revealed
that there were differences in the joint lesions between the
treatment groups and model control group (p < 0.05) as well
as normal control group (p < 0.05) (Table 2).

The expression of hypoxia-inducible factor-1a

in the CIA model rat
The expression of hypoxia-inducible factor-1o
protein in CIA synovium

The expression of HIF-1a protein was not found in the
normal control group (Fig. 3A).

The expression of HIF-1a (dark brown color) in the CIA
model group was increased. HIF-1o. was expressed in the
nucleus and cytoplasm. The immunohistochemistry results
indicated that HIF-1a was not only expressed in synovial cells,
synovial underlay macrophages and part of the vascular
endothelial cells, but also expressed in fibroblasts (Fig. 3B).

The expression of HIF-1a in the dexamethasone-treat-
ed group was the weakest (Fig. 3C).

A small amount of HIF-1a in the synovial cells was
expressed (brown color) in the high-dose THH treated
group, synovial underlay macrophage, nucleus and cyto-
plasm of vascular endothelial cells (Fig. 3D).

Very weak expression of HIF-1a (light brown color) of
the moderate dose group showed in the synovial cell nucle-
us (Fig. 3E).
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Fig. 3. The immunohistochemical results of HIF-1a in Rats joint’s synovial. A) Normal control group (original magnification
400x); B) Model of the control group (original magnification 400x); C) Treatment group of dexamethasone (original magnifi-
cation 400x); D) Treatment group of high-dose THH (original magnification 400x); E) Treatment group of moderate-dose THH
(original magnification 400x); F) Treatment group of low-dose THH (original magnification 400x)
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Table 3. Immunohistochemical scores of HIF-1a protein
expression in CIA synovium, log (x + s)

Group Case HIF-1a
normal control 10 1.300 +0.8560
model control 10 7.810 £3.0972
dexamethasone treatment 10 2.860 +1.255b
high-dose treatment 10 4.653 £2.0592b
moderate-dose treatment 10 3.775 +1.774ab
low-dose treatment 10 4.728 +1.7412b

Acompare to the normal control group (p < 0.05)
beompare to the model control group (p < 0.05)

Relatively small amount of HIF-1a (brown color) was
expressed in the nucleus of synovial cells, synovial under-
lay cells, endothelial cells and fibroblast cells in the low
dose treatment group (Fig. 3F).

The above demonstrated that HIF-la expression
increased in the model group, but significantly decreased
in the treated groups. The results of semi-quantitative scor-
ing showed some differences between model and treatment
groups in HIF-1a expression (p < 0.05), that it was statis-
tically significant (Table 3).

The expression of hypoxia-inducible factor-la
mRNA in the peripheral blood of CIA rat

In molecular level, there was no expression of HIF-1a
mRNA in the normal control group, while the high expres-
sion of HIF-1ao mRNA was found in the model control group.
Low expression of HIF-1a. in the treated groups (Fig. 4).

Semi-quantitative method was used for a statistical
analysis, using the date that each group’ gray value of the
purpose band/ the internal reference band. The results
showed that there were significant differences in HIF-1a
expression between THH (high, medium and low-doses),
dexamethasone treatment and CIA model, normal control
groups (p < 0.05) (Table 4).

bp
500 HIF-1a
300 GAPDH

Fig. 4. The results of RT-PCR in each group of rats. The stripe
of figure in the following order from left to right: normal con-
trol group, model of the control group, treatment group of dex-
amethasone, treatment group of high-dose THH, treatment group
of moderate-dose THH, treatment group of low-dose THH

Il-induced arthritis rat model

Discussion

We can see from the Al value and the results of HE
stain, CIA model was successfully established. Symptoms
of synovial cell hyperplasia, inflammatory cell infiltration,
pannus formation, cartilage and bone destruction occurred
in the model rats, all those symptom similar to human with
RA. There were significant differences between THH treat-
ment (high, moderate and low-dose) and model control
groups (p < 0.05).

It is proved that the expression of HIF-1a is related to
both angiogenesis and inflammation in rheumatoid arthri-
tis [17, 18]. As regulator of angiogenesis in RA, it’s up reg-
ulation of vascular endothelial growth factor (VEGF)
[19, 20]. Vascular endothelial growth factor become the new
therapy target [21, 22].

In this study, RT-PCR and immunohistochemistry were
using, the differences of the expression in synovial tissue
between treatment and model control groups were examined
on the level of molecular biology and protein. It demon-
strated that THH suppressed the expression of HIF-1a in the
peripheral blood and synovial tissue.

Our research reveals that in CIA model THH inhibits
the expression of HIF-1a both in peripheral blood and syn-
ovial tissue. The inhibitory effect of THH on the expression
of HIF-1a leads to further down regulation of VEGF, apop-
tosis gene expression, inflammatory factor chemotaxis in
the peripheral blood and pannus formation in synovial tis-
sue. The effect of THH can increase apoptosis and reduces
inflammation [23]. We believe that the effect of THH is cor-
related with the regulation of HIF-1o expression in the
peripheral blood and synovial tissue. Therefore, it provide
a new idea for clinical treatment of RA [24].

We gratefully acknowledge that this project was finan-
cially supported by the Natural Science Foundation of
Guangxi, PR. China (No. 0575106) and Research Founda-
tion of Guangxi Education Department (No. 200911MS160).

Table 4. Gray scale of HIF-1ao mRNA expression of periph-
eral blood in different group

Group Case HIF-1a
normal control 10 0.090 +0.145b
model control 10 0.771 £0.0822
dexamethasone treatment 10 0.474 +0.1312.b
high-dose treatment 10 0.635 +0.092a.b
moderate-dose treatment 10 0.574 +0.131ab
low-dose treatment 10 0.640 +0.112ab

Acompare to the normal control group (p < 0.05)
beompare to the model control group (p < 0.05)
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