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ABSTRACT
Background: As a chronic autoimmune disease, rheumatoid arthritis (RA) is related to oxidative
stress, which may lead to the occurrence and persistence of inflammation in RA. The purpose of
this study is to evaluate the potential antioxidant effect of triptolide in collagen-induced arthritis
(CIA) rat model.
Methods: We examined the severity of arthritis, levels of local and systemic oxidative stress,
periarticular bone erosion and weight of organs in CIA rats treated with triptolide.
Results: We found that triptolide decreased the paw thickness and clinical arthritis score,
significantly. The mRNA expression and activity of myeloperoxidase and inducible nitric oxide
synthase were remarkably decreased in the paws of the CIA rats after triptolide treatment.
Triptolide significantly inhibited the levels of nitrite and nitrate in serum, as well as the urinary
level of dityrosine. Triptolide treatment also markedly increased bone volume of tibia, but
suppressed epiphyseal plate thickness of both femur and tibia. In addition, there was no
significant difference in the weight of organs after the therapy, except decreased spleen weight.
Conclusions: These results suggested that the local and systemic oxidative stress was enhanced in
the CIA rats and the therapeutic dose of triptolide had a definite antioxidant effect.

Abbreviations: RA: rheumatoid arthritis; CIA: collagen-induced arthritis; qPCR: quantitative
polymerase chain reaction. ELISA: enzyme-linked immunosorbent assay; MPO: myeloperoxidase;
COX-2: cyclooxygenase-2; iNOS: inducible nitric oxide synthase; μCT: microfocal computed
tomography; BV: bone volume; TV: total volume
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Introduction

As early as the seventeenth century, people had a preliminary
understanding of this disease, but it was not until 1859 that
Dr. Alfred Garrod named it rheumatoid arthritis (RA) [1]. RA
is a chronic and systemic autoimmune disease, which leads
to severe inflammation and destruction of the joint architec-
ture [2]. It affects approximately 1% of the world’s population,
mainly women [3]. RA decreases the quality of life and work
ability, causes considerable number of disabilities, and even
raises the mortality rate [4]. Non-steroidal anti-inflammatory
drugs, disease-modifying anti-rheumatic drugs, steroid and
biological response modifiers are currently used for treating
RA. However, it is not possible to achieve a satisfactory
improvement in a certain group of patients and these drugs
often bring serious side effects [5]. Therefore, searching for
more effective and safer drugs is still a top priority for
doctors and researchers.

Triptolide, a diterpene triepoxide in chemical structure
(Figure 1), is extracted from the plant Tripterygium wilfordii
Hook F [6]. Increasing experimental evidence has
confirmed its anti-RA effect [7]. Its regulation of inflam-
mation [8,9], cell proliferation [10,11], angiogenesis [12,13],
and bone homeostasis [14,15,16] have been well studied,
even its toxicity [17,18]. Recently, oxidative stress in RA has

attracted great attention in the research community
[19,20]. In this study, we focused on the antioxidant effect
of triptolide during the therapy process. We examined
whether triptolide has antioxidant effect on collagen-
induced arthritis (CIA), which is a commonly used exper-
imental model of RA [21]. Here, we demonstrate the
effects of triptolide on the severity of arthritis, levels of
local and systemic oxidative stress and periarticular bone
erosion in the CIA rats. We also show the effect of triptolide
on the organs weight of the CIA rats.

Materials and methods

Animals

Specific Pathogen Free-grade, female Wistar rats (8 weeks
old) were purchased from Southern Medical University
(Guangzhou, China). They were fed with standard laboratory
chow and water ad libitum and kept under controlled con-
ditions of temperature (24 ± 1°C), relative humidity (40–
80%), and light (16 h light: 8 h dark cycle). All animal proto-
cols were approved by the Institutional Animal Care and
Use Committee of Guangdong University of Technology
and followed the National Institutes of Health Guide for the
Care and Use of Laboratory Animals.
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Collagen-induced arthritis (CIA) model and treatment

To establish a CIA model, bovine type II collagen (Chondrex
Inc., Redmond, WA, USA) was dissolved in 0.05 M acetic
acid overnight at 4°C, and emulsified on ice with an equal
amount of incomplete Freund’s adjuvant (Chondrex Inc.).
On day 0, the emulsion mixture (200 μg collagen/rat) was
injected subcutaneously at the base of their tails, and then
a second injection was performed on day 7, according to
the manufacturer’s recommendations. The control group
was injected with equal volumes of sterilized saline.

All rats were monitored for arthritis severity by body
weight, paw thickness and clinical arthritis score. Each paw
of the animal was scored from 0 to 4 as the following
scoring system. ‘Score 0 = no erythema or swelling; score 1
= slight erythema or swelling of one of the toes or fingers;
score 2 = erythema and swelling of more than one toe or
finger; score 3 = erythema and swelling of the ankle or
wrist; score 4 = complete erythema and swelling of toes or
fingers and ankle or wrist [22].’ A mean score was given to
each animal. On day 21, only the established rats (with clinical
scores of 3–4) were randomly assigned to receive sterilized
saline or triptolide by gavage (n = 6 for each group).

From day 22, the rats were given 45 μg/kg/d triptolide
(Sanling Biotech., Guilin, China) dissolving in sterilized DMSO
(Sigma, St. Louis, MO, USA) by gavage for 28 days [13]. On
day 50, rats were euthanatized under anesthesia with intraper-
itoneal administration of pentobarbital sodium (Huayehuanyu
Chem., Beijing, China). Lives, spleens, thymuses and adrenals
were then harvested and weighed immediately.

Quantitative polymerase chain reaction (qPCR)

Total RNAwas extracted from joint tissue using TRIzol reagent
(Life Technologies, Grand Island, NY, USA) and reverse tran-
scribed using M-MLV 1st Stand Kit (Invitrogen, Waltham,
MA, USA) [23,24]. qPCR was performed using SYBR Green
Mix (Life Technologies) on a LightCycler 96 Real-Time PCR
System (La Roche, Basel, Switzerland) according to the
method described previously [25]. Normalization was per-
formed using the housekeeping gene β-actin as a control.
The primer sequences are listed in Table 1.

Colorimetric assay

The activities of myeloperoxidase (MPO), cyclooxygenase-2
(COX-2), and inducible nitric oxide synthase (iNOS) in the

supernatant of joint tissue lysate were determined by com-
mercial kits (Abcam, Cambridge, UK) as per the manufac-
turer’s instructions.

The levels of nitrite and nitrate in serumwere measured by
a colorimetric assay kit (Dojindo, Tokyo, Japan). They were
determined by spectrophotometric analysis at 540 nm
(TriStar2 S LB 942 Multimode Reader; Berthold Technologies,
Bad Wildbad, Germany) with reference to a standard curve
[26].

Enzyme-linked immunosorbent assay (ELISA)

Sample of urine was collected from each rat approximately
30 min before euthanasia and centrifuged at 12,000 rpm for
10 min at 4°C. The urine sample was stored at −80°C until
analysis. The level of dityrosine in urine was analyzed with
an ELISA kit (JaICA, Shizuoka, Japan). To normalize dityrosine,
the other kit (Oxford Biomedical Research, Oxford, MI, USA)
was used to detect the creatinine level in the urine sample.

Image of microfocal computed tomography (μCT)

After euthanasia, the hind limb was removed and fixed with
4% paraformaldehyde for 24 h. The sample was scanned by
μCT (MILabs, Utrecht, Netherlands). Histomorphometric
analysis was conducted on distal femur and proximal tibial.
Bone volume fraction (bone volume/total volume, BV/TV),
subchondral bone plate thickness and epiphyseal plate thick-
ness were measured by a software (IMALYTICS Preclinical 2.1,
Utrecht, Netherlands).

Statistics analysis

Statistical analyses were carried out by the Student’s t-test
and one-way analysis of variance (ANOVA), followed post
hoc Tukey’s test for multiple groups comparison (GraphPad
Prism 5; GraphPad Software Inc., La Jolla, CA, USA), because
all the variables were normally distributed. Data are
expressed as mean ± standard deviation (S.D.). A value of P
< 0.05 was considered statistically significant.

Results

The anti-CIA effect of triptolide in rats

The paw morphology of different groups at the end of the
experiment is shown in Figure 2(a). Figures 2(b,c) show
after 28 days of treatment, triptolide exhibited a significant
anti-CIA effect according to the paw thickness (P < 0.001)
and clinical arthritis score (P < 0.05). As shown in Figure 2
(d), the weight of CIA rats changed seriously (P < 0.01).
However, the use of triptolide prevented weight lost.

Figure 1. Chemical structure of triptolide.

Table 1. Primers used for qPCR.

Genes Accession numbers Primer sequence (5′–3′)

β-actin XM_039089807.1 Forward: ACCACCATGTACCCAGGCATT
Reverse: CCACACAGAGTACTTGCGCTCA

MPO NM_001107036.1 Forward: ACCTACCCCAGTACCGATCC
Reverse: AACTCTCCAGCTGGCAAAAA

COX-2 AF233596.1 Forward: TGTATGCTACCATCTGGCTTCGG
Reverse: GTTTGGAACAGTCGCTCGTCATC

iNOS AY211532.1 Forward: CACCACCCTCCTTGTTCAAC
Reverse: CAATCCACAACTCGCTCCAA
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Triptolide inhibits the level of local oxidative stress

To investigate the effect of triptolide on local oxidative stress,
the levels of MPO, COX-2, and iNOS in articular tissue were
evaluated. The mRNA expression of MPO, COX-2 and iNOS
increased markedly (P < 0.001) in the CIA rats; triptolide treat-
ment significantly reduced (P < 0.001) their levels (Figure 3).
Similarly, after administration of triptolide, the activities of
MPO and iNOS were also substantially suppressed (P <
0.001) in the joint tissue (Table 2).

Triptolide decreases the level of systemic oxidative
stress

The effect of triptolide on the level of systemic oxidative
stress in the CIA rats was also studied. As shown in Table 3,
serum levels of nitrite and nitrate in the CIA rats were
clearly higher (P < 0.001) than those in the control rats.
However, after treatment with triptolide, their levels
decreased significantly (P < 0.05). In addition, the level of
dityrosine increased substantially (P < 0.001) in urine of the
CIA rats, but was markedly reduced (P < 0.001) by triptolide
treatment that followed.

Triptolide reduces bone destruction

The effect of triptolide on bone structure was verified by μCT
scan. Representative images are shown in Figure 4. The CIA
rats exhibit severe damage of articulation. However, triptolide
significantly suppressed its degree. BV/TV of femur and tibia
in the CIA rats was substantially lower (P < 0.05 and P <
0.01, respectively) than that in the control rats (Table 4).
The use of triptolide significantly increased (P < 0.05) BV/TV
of the tibia. There was no statistical difference in the thickness
of subchondral bone plate of femur. However, the tibial sub-
chondral bone plate was significantly thinner (P < 0.01) in the
CIA rats. The epiphyseal plates of femur and tibia were signifi-
cantly thicker (P < 0.01 and P < 0.05, respectively) in the CIA
rats; triptolide treatment significantly decreased (P < 0.01
and P < 0.05, respectively) their thickness.

Triptolide modulates the weight of organs in CIA rats

As shown in Table 5, the relative weight of liver in the rats
with triptolide treatment was significantly heavier (P < 0.05)
than that in the CIA rats. There was no significant difference
between the control rats and the CIA rats or the control
rats and the rats treated with triptolide. No statistical

Figure 2. Effect of triptolide on the severity of arthritis in CIA rats. (a) Representative photos of the control rats and the CIA rats treated with sterilized saline and
triptolide; (b) paw thickness; (c) clinical arthritis score; and (d) changes in body weight of the rats at the end of drug administration. CIA: collagen-induced arthritis
rats treated with sterilized saline. CIA + TP: collagen-induced arthritis rats treated with triptolide. Data are expressed as mean ± S.D. (n = 6). **P < 0.01 and ***P <
0.001 compared with the control group. #P < 0.05 and ###P < 0.001 compared with the CIA group.

Figure 3. Effect of triptolide on the mRNA expression levels of MPO, COX-2, and iNOS in the articular tissue. CIA: collagen-induced arthritis rats treated with ster-
ilized saline. CIA + TP: collagen-induced arthritis rats treated with triptolide. Data are expressed as mean ± S.D. (n = 6). **P < 0.01 and ***P < 0.001 compared with
the control group. ###P < 0.001 compared with the CIA group.
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difference in the relative weight of spleen was detected
between the control rats and the CIA rats. However, it was sig-
nificantly lower (P < 0.05) in the rats after triptolide treatment
than in the control rats and the CIA rats. In addition, the rela-
tive weight of thymus and adrenal in the CIA rats were mark-
edly higher than those in the control rats (P < 0.05). There was

no statistical difference between the control rats and the rats
treated with triptolide.

Discussion

At present, there is no ideal method to treat RA, and the
potential mechanism of the existing targeted drugs is
unclear [27]. Accumulating researches have confirmed the
anti-inflammatory effect of triptolide and scientifically
explained its therapeutic effect on RA [8,9]. However, inflam-
matory responses activate the production of immune-modu-
lators, leading to drastic changes in the level of oxidative
stress [24]. Effective anti-inflammatory treatment strategies
should be able to not only cut down the synthesis of inflam-
matory mediators but also the oxidative stress resulted by
inflammation [28]. In the present study, we confirmed the
antioxidant effect of triptolide on CIA rats during the
therapy process.

In this study, we chose the articular tissue to assess local
oxidative stress. MPO, a well-known enzyme, is synthesized
by activated neutrophils and monocytes, stored in azurophilic
granules and released into the phagosome or the extracellu-
lar fluid to catalyze the conversion of hydrogen peroxide to
hypochlorous acid [29]. It characterized by strong pro-oxi-
dative and pro-inflammatory properties [30]. Here, we
report for the first time that triptolide inhibits MPO mRNA
expression and activity in the CIA rats, which may have a ben-
eficial effect on this disease. It is an ideal that an anti-inflam-
matory drug with selective inhibition of COX-2 activity [31].
Inducible COX-2 is the rate limiting enzyme in the synthesis
of prostaglandin E2 (PGE2). Our results show triptolide
decreased COX-2 mRNA level in the CIA rats, and there was
no significant difference in COX-2 activity between the rats
treated with triptolide and the normal rats. Similarly, previous
studies have shown that triptolide can suppress the pro-
duction of PGE2 by selectively inhibiting the COX-2 level in
the inflamed joints and serum of CIA rats [32,33]. The iNOS
is the isoform of key enzyme that responsible for regulating
the pathologic role of nitric oxide (NO) [34]. It is a pretty
important work showing that triptolide could suppress NO
production by reducing the gene transcription of iNOS [35].
Results of the present study also show both mRNA level
and activity of iNOS decreased in the paws of the rats
treated with triptolide.

In the present study, we selected serum and urine samples
to evaluate systemic oxidative stress. NO is an important sig-
naling molecul involved in regulating a variety of physiologi-
cal and pathological processes [36]. It reacts easily with

Table 2. Effect of triptolide on the levels of MPO, COX-2, and iNOS in the
articular tissue.

Iterms Control CIA CIA + TP

MPO (pg/mg tissue) 17.70 ± 2.12 124.08 ± 8.85*** 37.52 ± 3.01***,###

COX-2 (ng/mg tissue) 20.00 ± 6.15 63.08 ± 15.38** 35.38 ± 7.69
iNOS (ng/mg tissue) 13.04 ± 2.37 48.01 ± 2.96*** 21.34 ± 2.96*,###

CIA: collagen-induced arthritis rats treated with sterilized saline; CIA ± TP: col-
lagen-induced arthritis rats treated with triptolide.

Data are expressed as mean ± S.D. (n = 6).
*P < 0.05, **P < 0.01, and ***P < 0.001 compared with the control group. ###P
< 0.001 compared with the CIA group.

Table 3. Effect of triptolide on the level of oxidative stress in serum and urine.

Iterms Control CIA CIA + TP

Nitrite + nitrate (μM) 14.24 ± 1.32 21.57 ± 1.75*** 16.19 ± 1.75#

Dityrosine (pmol/mg Cr) 41.31 ± 1.99 58.18 ± 3.42*** 31.29 ± 3.59**,###

CIA: collagen-induced arthritis rats treated with sterilized saline; CIA ± TP: col-
lagen-induced arthritis rats treated with triptolide.

Data are expressed as mean ± S.D. (n = 6).
**P < 0.01 and ***P < 0.001 compared with the control group. #P < 0.05 and

###P < 0.001 compared with the CIA group.

Figure 4. Effect of triptolide on periarticular bone erosion in knee joints.
Images show bones of (A) femur and (B) tibia. CIA: collagen-induced arthritis
rats treated with sterilized saline. CIA + TP: collagen-induced arthritis rats
treated with triptolide.

Table 4. Effect of triptolide on BV/TV, subchondral bone plate thickness and
epiphyseal plate thickness of distal femur and proximal tibia.

Bones Iterms Control CIA CIA + TP

Femur BV/TV (%) 25.9 ± 3.2 17.1 ± 3.7* 24.9 ± 5.1
Subchondral bone plate
(μm)

120.9 ± 54.7 100.5 ± 35.5 118.6 ± 33.3

Epiphyseal plate (μm) 194.2 ± 11.1 262.5 ± 26.6** 204.4 ± 9.2##

Tibia BV/TV (%) 26.5 ± 3.7 14.0 ± 2.5** 22.5 ± 3.1#

Subchondral boneplate
(μm)

137.9 ± 19.2 59.3 ± 18.8** 89.9 ± 27.7

Epiphyseal plate (μm) 178.9 ± 8.29 228.9 ± 27.0* 175.6 ± 15.0#

CIA: collagen-induced arthritis rats treated with sterilized saline; CIA ± TP: col-
lagen-induced arthritis rats treated with triptolide.

Data are expressed as mean ± S.D. (n = 6).
*P < 0.05 and **P < 0.01 compared with the control group. #P < 0.05 and ##P <
0.01 compared with the CIA group.

Table 5. Effect of triptolide on the weight of organs in CIA rats.

Iterms Control CIA CIA + TP

Relative weight of
liver (%)

3.57 ± 0.07 3.40 ± 0.08 3.59 ± 0.07#

Relative weight of
spleen (%)

0.232 ± 0.004 0.236 ± 0.006 0.216 ± 0.005*,#

Relative weight of
thymus (%)

0.215 ± 0.014 0.183 ± 0.007* 0.200 ± 0.007

Relative weight of
adrenal (%)

0.0322 ± 0.0012 0.0361 ± 0.0014* 0.0336 ± 0.0014

Relative weight was the organ weight/body weight.
CIA: collagen-induced arthritis rats treated with sterilized saline; CIA ± TP: col-
lagen-induced arthritis rats treated with triptolide.

Data are expressed as mean ± S.D. (n = 6).
*P < 0.05 compared with the control group. #P < 0.05 compared with the CIA
group.
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oxidizing agents in serum to generate nitrite and even nitrate
[37,38]. We detected higher levels of them in the CIA model
rats than those in the control group, as they were elevated
under most inflammatory conditions [39,40]. For the first
time, our data suggest that triptolide inhibited the develop-
ment of CIA by holding back the formation of nitrite and
nitrate. Dityrosine is an ideal marker of oxidatively modified
proteins, as peroxynitrite can affect tyrosine dimerization
and nitration [41,42]. Our results suggest that triptolide sup-
pressed systemic oxidative protein damage in the CIA rats.
To our knowledge, this is the first demonstration of the inhibi-
tory effect of triptolide on dityrosine level in a RA animal
model. Therefore, oral administration of triptolide can sup-
press CIA induced systemic oxidative stress.

Inflammation and oxidative stress are tightly connected.
Under the condition of RA, there is a positive feedback
between inflammation and oxidative stress, and the destruc-
tive effects of each other are amplified by these two partici-
pants. Nuclear factor-κB (NF-κB) not only increases the
production of IL-1 and TNF-α, but can also be activated by
these pro-inflammatory cytokines [19]. Furthermore, inflam-
matory responses cause drastic changes in the level of oxi-
dative stress [24]. On the other hand, reactive oxygen
species can also activate the NF-κB pathway; it is obvious
that oxidative stress is related to the molecular signaling dys-
regulation in the early stage of RA [20]. However, the mech-
anism by which oxidative stress may lead to the occurrence
and persistence of inflammation in RA remains to be investi-
gated. And the role of antioxidants as RA therapies seems to
be neglected because only a small number of researches have
been found [19,20]. In the present study, triptolide treatment
reduced the inflammatory processes in CIA rats, which may
result in reduction of oxidative stress secondary.

Triptolide can not only efficiently resist oxidative stress but
also prevent bone destruction, which has important clinical
significance. Consistent with previous studies [13,14,43], we
found that triptolide effectively reduced the severity of arthri-
tis by mitigating the paw thickness and clinical arthritis score
of the CIA rats. Data of μCT also validated that triptolide could
decrease bone destruction in affected joints. Here, we first
found the effect of triptolide on subchondral bone plate
and epiphyseal plate. Results of the present study give
further evidence that triptolide can protect both bone and
cartilage of the inflammatory joints, effectively.

As the public is highly concerned about the safety of drugs
[44], we also evaluated the effect of triptolide on the weight
of organs in CIA rats, which is commonly used in toxicity tests.
Contrast to some toxicological experiments, in which high
doses of triptolide were used (0.2–600mg/kg) [45,46], we
observed that there was no significant difference in the
weight of organs after the therapy in this study, except for
the decrease of spleen weight. Increased spleen weight
could be seen in impaired spleens in the chronic toxicity
test [47]. The nephrotoxicity induced by triptolide is also
related to oxidative stress [17]. In sharp contrast to enhanced
oxidative stress in toxicity tests, the therapeutic dose of trip-
tolide has a definite antioxidant effect in the present study.

Conclusions

The data of this study demonstrated that the local and sys-
temic oxidative stress was enhanced in the CIA rats and the
therapeutic dose of triptolide had antioxidant activity.

Acknowledgements

The authors are grateful to Dr. Jie Wu for assisting in graphics (School of
Pharmacy, Jinan University).

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study was supported by One Hundred Youngsters Project of Guang-
dong University of Technology [grant number: 1182-220413715], Science
and Technology Innovation Training Program [grant number:
xj202011845178] and City & University Cooperation Research Project of
Nanchong [grant number: 19SXHZ0177].

Data availability statement

All data analyzed during this study are available from the corresponding
author on request.

ORCID

Guang-Min Yu http://orcid.org/0000-0002-9120-7044

References

[1] Klareskog L, Catrina AI, Paget S. Rheumatoid arthritis. Lancet.
2009;373:659–672.

[2] Lafeber FP, Van der Laan WH. Progression of joint damage despite
control of inflammation in rheumatoid arthritis: A role for cartilage
damage driven synovial fibroblast activity. Ann. Rheum. Dis.
2012;71:793–795.

[3] Rudan I, Sidhu S, Papana A, et al. Prevalence of rheumatoid arthritis
in low- and middle-income countries: A systematic review and
analysis. J. Glob. Health. 2015;5:010409.

[4] Burmester GR, Pope JE. Novel treatment strategies in rheumatoid
arthritis. Lancet. 2017;389:2338–2348.

[5] Fan D, Guo Q, Shen J, et al. The effect of triptolide in rheumatoid
arthritis: from basic research towards clinical translation.
Int. J. Mol. Sci. 2018;19:376.

[6] Wang J, Chu Y, Zhou X. Inhibitory effect of triperygium wilfordii
polyglucoside on dipeptidyl peptidase I in vivo and in vitro.
Biomed. Pharmacother. 2017;96:466–470.

[7] Han R, Rostami-Yazdi M, Gerdes S, et al. Triptolide in the treatment
of psoriasis and other immune-mediated inflammatory diseases.
Br. J. Clin. Pharmacol. 2012;74:424–436.

[8] Liacini A, Sylvester J, Zafarullah M. Triptolide suppresses proinflam-
matory cytokine-induced matrix metalloproteinase and aggreca-
nase-1 gene expression in chondrocytes. Biochem. Biophys. Res.
Commun. 2005;327:320–327.

[9] Fan D, He X, Bian Y, et al. Triptolide modulates TREM-1 signal
pathway to inhibit the inflammatory response in rheumatoid arthri-
tis. Int. J. Mol. Sci. 2016;17:498.

[10] Kusunoki N, Yamazaki R, Kitasato H, et al. Triptolide, an active
compound identified in a traditional Chinese herb, induces apop-
tosis of rheumatoid synovial fibroblasts. Arthritis Res. Ther.
2003;5:146.

[11] Su Z, Sun H, Ao M, et al. Atomic force microscopy study of the anti-
inflammatory effects of triptolide on rheumatoid arthritis fibroblast-
like synoviocytes. Microsc. Microanal. 2017;23:1002–1012.

[12] He MF, Huang YH, Wu LW, et al. Triptolide functions as a potent
angiogenesis inhibitor. Int J Cancer. 2010;126:266–278.

[13] Kong X, Zhang Y, Liu C, et al. Anti-angiogenic effect of triptolide in
rheumatoid arthritis by targeting angiogenic cascade. PLOS ONE.
2013;8(e77513.

[14] Liu C, Zhang Y, Kong X, et al. Triptolide prevents bone destruction in
the collagen-induced arthritis model of rheumatoid arthritis by tar-
geting RANKL/RANK/OPG signal pathway. Evid. Based
Complement. Altern. Med. 2013;2013:626038.

Redox Report 201

http://orcid.org/0000-0002-9120-7044


[15] Xu H, Zhao H, Lu C. Triptolide inhibits osteoclast differentiation
and bone resorption in vitro via enhancing the production of IL-
10 and TGF-β1 by regulatory T cells. Mediat. Inflamm. 2016;2016:
8048170.

[16] Yang Y, Ye Y, Qiu Q, et al. Triptolide inhibits the migration and inva-
sion of rheumatoid fibroblast-like synoviocytes by blocking the acti-
vation of the JNK MAPK pathway. Int. Immunopharmacol.
2016;41:8–16.

[17] Xu L, Qiu Y, Xu H, et al. Acute and subacute toxicity studies on
triptolide and triptolide-loaded polymeric micelles following intra-
venous administration in rodents. Food Chem Toxicol. 2013;57:
371–379.

[18] Zhang J, Liu L, Mu X, et al. Effect of triptolide on estradiol release
from cultured rat granulosa cells. Arzneimittelforschung.
2012;62:301–306.

[19] Oyenihi AB, Ollewagen T, Myburgh KH, et al. Redox status and
muscle pathology in rheumatoid arthritis: insights from various
rat hindlimb muscles. Oxid. Med.Cell. Longev. 2019;2019:2484678.

[20] da Fonseca LJS, Nunes-Souza V, Goulart MOF, et al. Oxidative stress
in rheumatoid arthritis: what the future might hold regarding novel
biomarkers and add-on therapies. Oxid. Med. Cell. Long.
2019;2019:7536805.

[21] Brand DD, Latham KA. Rosloniec EF. collagen-induced arthritis. Nat.
Protoc. 2007;2:1269–1275.

[22] Gao F, Yuan Q, Cai P, et al. Au clusters treat rheumatoid arthritis with
uniquely reversing cartilage/bone destruction. Adv. Sci.
2019;6:1801671.

[23] Guangmin Y, Haq IU, Khan SH, et al. Actin filaments are necessary
for FSH-induced CYP19A1 transcription in bovine granulosa cells
in vitro. Pak. Vet. J. 2015;35:53–57.

[24] Yu G-M, Isobe N, Maeda T. Protective effect of melatonin on LPS-
stimulated granulosa cells in Japanese quail. J. Poult. Sci.
2017;54:319–325.

[25] Yu G-M, Isobe N, Maeda T. Melatonin does not affect progesterone
basal secretion but suppresses the luteinizing hormone receptor
expression in granulosa cells of the Japanese quail. J. Poult. Sci.
2017;54:312–318.

[26] Yu G-M, Wu Y, Wang X-L, et al. Evaluation of three hormonal proto-
cols for anovulatory lactating cows under regulations restricting the
use of estrogenic compounds. Anim. Sci. J. 2018;89:640–647.

[27] Zou Y, Hu W. Investigation of gene expression profles in a rat adju-
vant arthritis model suggests an effective role of triptolide via PI3K-
AKT signaling. Exp. Ther. Med. 2019;17:3999–4006.

[28] Yu G-M, Kubota H, Okita M, et al. The anti-inflammatory and antiox-
idant effects of melatonin on LPS-stimulated bovine mammary epi-
thelial cells. PLOS ONE. 2017;12:e0178525.

[29] Holland SM, Rosenzweig SD, Schumacher RF, et al.
Immunodeficiencies. In: Cohen J, Powderly WG, Opal SM, editors.
Infectious diseases. 4th ed. Elsevier; 2017. p. 705–722.

[30] Loria V, Dato I, Graziani F, et al. Myeloperoxidase: A new biomarker
of inflammation in ischemic heart disease and acute coronary syn-
dromes. Mediators Inflamm. 2008;2008:135625.

[31] Lu S, Wang Q, Li G, et al. The treatment of rheumatoid arthritis using
Chinese medicinal plants: from pharmacology to potential molecu-
lar mechanisms. J. Ethnopharmacol. 2015;176:177–206.

[32] Xiao C, Zhou J, He Y, et al. Effects of triptolide from radix
Tripterygium wilfordii (leigongteng) on cartilage cytokines and
transcription factor NF-κB: A study on induced arthritis in rats.
Chin. Med. 2009;4:13.

[33] Lin N, Liu C, Xiao C, et al. Triptolide, a diterpenoid triepoxide, sup-
presses inflammation and cartilage destruction in collagen-induced
arthritis mice. Biochem. Pharmacol. 2007;73:136–146.

[34] Yu G-M, Tan W. Melatonin inhibits lipopolysaccharide-induced
inflammation and oxidative stress in cultured mouse mammary
tissue. Mediat. Inflamm. 2019;2019:8597159.

[35] Wang B, Ma L, Tao X, et al. Triptolide, an active component of the
Chinese herbal remedy Tripterygium wilfordii Hook F, inhibits pro-
duction of nitric oxide by decreasing inducible nitric oxide synthase
gene transcription. Arthritis Rheum. 2004;50:2995–3003.

[36] Andrukhov O, Haririan H, Bertl K, et al. Nitric oxide production, sys-
temic inflammation and lipid metabolism in periodontitis patients:
possible gender aspect. J. Clin. Periodontol. 2013;40:916–923.

[37] Hughes MN. Chemistry of nitric oxide and related species. Method.
Enzymol. 2008;436:3–19.

[38] Tamaki N, Orihuela-Campos RC, Inagaki Y, et al. Resveratrol
improves oxidative stress and prevents the progression of period-
ontitis via the activation of the Sirt1/AMPK and the Nrf2/antioxidant
defense pathways in a rat periodontitis model. Free Radical Bio.
Med. 2014;75:222–229.

[39] Nishikawa T, Naruse K, Kobayashi Y, et al. Involvement of nitrosative
stress in experimental periodontitis in diabetic rats. J. Clin.
Periodontol. 2012;39:342–349.

[40] Pinho BR, Sousa C, Valentão P, et al. Is nitric oxide decrease
observed with naphthoquinones in LPS stimulated RAW 264.7
macrophages a beneficial property? PLOS ONE. 2011;6:e24098.

[41] Campos C, Guzmán R, López-Fernández E, et al. Evaluation of
urinary biomarkers of oxidative/nitrosative stress in children with
down syndrome. Life Sci. 2011;89:655–661.

[42] Hattori Y, Mukaide T, Jiang L, et al. Catalytic ferrous iron in amniotic
fluid as a predictive marker of human maternal-fetal disorders. J.
Clin. Biochem. Nutr. 2015;56:57–63.

[43] Shen Q, Wang J, Yuan Z, et al. Key role of organic cation transporter
2 for the nephrotoxicity effect of triptolide in rheumatoid arthritis.
Int. Immunopharmacol. 2019;77:105959.

[44] Yu G-M, Maeda T. Inline progesterone monitoring in the dairy
industry. Trends Biotechnol. 2017;35:579–582.

[45] Fu Q, Huang X, Shu B, et al. Inhibition of mitochondrial respiratory
chain is involved in triptolide-induced liver injury. Fitoterapia.
2011;82:1241–1248.

[46] Wang X, Jiang Z, Cao W, et al. Th17/treg imbalance in triptolide-
induced liver injury. Fitoterapia. 2014;93:245–251.

[47] Yang F, Ren L, Zhuo L, et al. Involvement of oxidative stress in the
mechanism of triptolide-induced acute nephrotoxicity in rats. Exp.
Toxicol. Pathol. 2012;64:905–911.

202 G.-M. Yu et al.


	Abstract
	Introduction
	Materials and methods
	Animals
	Collagen-induced arthritis (CIA) model and treatment
	Quantitative polymerase chain reaction (qPCR)
	Colorimetric assay
	Enzyme-linked immunosorbent assay (ELISA)
	Image of microfocal computed tomography (μCT)
	Statistics analysis

	Results
	The anti-CIA effect of triptolide in rats
	Triptolide inhibits the level of local oxidative stress
	Triptolide decreases the level of systemic oxidative stress
	Triptolide reduces bone destruction
	Triptolide modulates the weight of organs in CIA rats

	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	Data availability statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


