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Abstract: This study aimed to explore the therapeutic efficacy of tripterygium glycosides for experimental autoim-
mune myasthenia gravis (EAMG). EAMG model was established in rats, and the rats were divided into complete
Freund’s adjuvant group, EAMG model group and tripterygium glycosides treatment group. All rats were evaluated
by Lennon scoring and body mass monitoring. We found that the treatment with tripterygium glycosides improved
the clinical symptoms of myasthenia gravis, reduced Lennon score but increased body mass. Furthermore, tripter-
ygium glycosides effectively reduced the activities of specificity-activated antigen-reactive T cells and the expression
and secretion of pro-inflammatory cytokines such as IL-17 and IFN-y. In conclusion, tripterygium glycosides are a
promising agent for the treatment of autoimmune myasthenia gravis.
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Introduction

Myasthenia gravis (MG) is a nervous system
autoimmune disease, the main symptom is vol-
untary exercise muscle weakness and it is
aggravated after exercise. Many genetic and
environmental factors are involved in the patho-
genesis of MG, and it is still difficult to treat MG.
Patrick and Lindstrom immunized rabbits with
acetylcholine receptor (AChR) as the antigen,
and successfully prepared experimental auto-
immune myasthenia gravis (EAMG) animal
model [1]. In addition, Yoshikawa et al. made
autoimmune myasthenia gravis rabbit model
with  human AChR-a138-167 fragment [2].
Baggi et al. successfully established EAMG rat
model with rat AChR-a97-116 [3].

T cell-mediated immune regulation is one of the
main mechanisms to maintain immune toler-
ance, T cell expansion and microenvironment
stability. T-cell receptor (TCR) is an important
molecule that plays a role in specific immune
recognition [4]. When TCR recognizes specific
antigen, T cells are activated and secrete a vari-
ety of cytokines to regulate immune responses
[5]. Therefore, investigating the secretion of

cytokines will help understand the pathogene-
sis of MG.

Tripterygium glycosides (TG) have anti-infla-
mmatory and immunosuppressive activities for
inflammatory and autoimmune disease [6].
However, the efficacy of TG for MG treatment
remains unclear. In this study, we aimed to
investigate the therapeutic efficacy of TG for
EAMG.

Materials and methods
Animals and reagents

Lewis rats (female, 6 to 8 weeks old, body
weight 120-140 g) were purchased from Beijing
Vital River Laboratory Animal Technology Co.,
Ltd. and kept in specific pathogen free (SPF)
environment, free diet, day and night (12 h)
alternating light. Tripterygium wilfordii poly-
coride (TWP) tablets were purchased from
Hunan Xieli Pharmaceutical Co., Ltd. R-AChR-
a97-116 was purchased from Xi'an United
Biotechnology Co., Ltd. Complete Freund’s
adjuvant (CFA) was purchased from Sigma
(USA).
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Figure 1. Weight change of rats in each group after immunization (n=10).

Establishment of animal models

Thirty healthy Lewis rats were randomly divid-
ed into CFA control group, EAMG model group
and TWP treatment group (n=10 for each). All
the rats were injected with 200 pl of immuno-
gen in the tail and the back. The day of immuni-
zation was day 1, the second immunization was
performed in the same manner 30 days later.
TWP was administered at a dose of 8 mg/
(kged) and administered intragastrically on the
15" day after the first immunization in TWP
group, while CFA and sodium chloride was
administrated in CFA group and EAMG model
group, respectively.

After the first immunization, the body mass was
measured every other day and double-blind
scored according to Lennon’s score. After the
onset of illness of the rat model, the rats were
evaluated according to specific score criteria: O
point: normal muscle strength in rats, no abnor-
malities; 1 point: mild activity reduction, biting
grasping weakness, fatigue of rats; 2 point: sig-
nificantly decreased activity, decreased body
weight, resting body uplift posture, head and
tail drooping, forelimb flexion, unsteady, tremor
of rats; 3 point: severe general weakness, no
crawling, bite action, body tremor, dying state
of rats; 4 point: death of rats.

ELISA

Blood samples were taken from the rats, and
then serum IL-17, IFN-y and IL-4 and IL-6 levels
were detected by using commercial ELISA kits
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(ANOVA) test was used for the
comparison between groups,
t test was used for paired
comparison between groups.
P<0.05 indicated significant
differences.

Results

Comparison of clinical symptoms and body
mass changes in three groups

There were no significant changes in the gen-
eral condition and body weight among the 3
groups of rats after the first immunization.
About 15 days after the second immunization,
the rats in EAMG model group showed weak-
ness of limbs, decreased activity, body tremor,
dull hair loss, reduced appetite, decreased grip
strength, and grip strength decreased obvious-
ly after repeated gripping. Over time, symptoms
of rats gradually aggravated, and reached its
peak 10 days after the second immunization.
With the gradual aggravation of disease, body
mass decrease gradually increased. In con-
trast, the rats in TG group had relatively slow
onset time, mild symptoms, and body mass
decline was significantly smaller than in model
group (Figure 1). 70 days after the injection of
immunogen, there were significant differences
in clinical scores and body mass between TG
group and EAMG group (P<0.01), which indicat-
ed that TG could relieve the clinical symptoms
of EAMG.

Comparison of cytokine secretion in three
groups

ELISA method was used to detect the cytokines
in the serum of different groups. The levels of
IL-17 and IFN-y in TG group and CFA group were
significantly lower than those in EAMG model
group (P<0.01), while IL-4 and IL-6 were signifi-

Int J Clin Exp Med 2017;10(8):12235-12239



Tripterygium on myasthenia gra

o
wn
»

Vis

¥ * *
30| 57
* 30 [
25¢ r e
0 i B 7
o~ 3 (i L ﬁ:ﬂ_{’
= i = 20 e %’ 7
sk w.’f.f.ww E ) %‘%ﬁ
& I \\‘“\\ ‘g 15 e ?ﬁfﬁ
(21 L 14, )
t-? 10 + i \ © 10 ket ﬁf:ﬁ?f/
= (HIHIN = i //4‘?
St I 5t g ﬁ/ﬂ’,ﬁ/
0 : (I i . 0 0y vivit r/’/
CFA EAMG TG CFA EAMG TG
100
120 . * ¥
¥ 80
wr T .
ot [T- E60 | Ao
Swl [ 8 i
5 60 T 3-40 . T - /11111, /
Sl % 0 R 5
I r1044 20 S /
T nf 7
0 S . 7 , 0 || Vi
CFA EAMG TG CFA EAMG TG

Figure 2. Serum cytokine levels in the rats in each group (n=10). *P<0.05 vs. EAMG group.
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Figure 3. IL-17 expression in the
thymus and spleen in the rats
in each group (n=10). Immuno-
histochemical staining of IL-17
in the thymus of CFA group (A),
TG group (B) and EAMG group
(C). Immunohistochemical stain-
ing of IL-17 in the spleen of CFA
group (D), TG group (E) and
EAMG group (F). (G) Semi-quan-
titative analysis of IL-17 staining
(n=5). *P<0.05 vs. EAMG group.

cantly higher than those in
EAMG model group (P<0.01)
(Figure 2).

In addition, IL-17 expression
in the thymus and spleen
were detected by immuno-
histochemistry. Compared to
EAMG model group, IL-17
staining in the thymus and
spleen of TG group and CFA
group was significantly weak-
er (Figure 3).

Discussion

In this study, EAMG animal
model was established by
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immunizing inbred Lewis rats with the combina-
tion of Ra97-116 peptide sequence and
Freund’s adjuvant. EAMG rat model was found
to have two phases in the pathogenesis, name-
ly early and late onset phases. The phase of
early onset of the disease began on the 10"
day of the first immunization and reached a
peak on the 14" day, and then symptoms dis-
appeared until the 18" day. The phase of late
onset occurred on the 40" day, reaching the
peak on the 60" day [3]. In this study, about 1
week after the immunization, EAMG model rats
showed symptoms such as weakness of the
forelimbs, body tremor, bending, tremor and
weight loss. The symptoms of myasthenia grad-
ually aggravated, the extent of body mass
decrease was large and rapid. In contrast, the
onset of rats in TG treatment group delayed,
the symptoms were relatively light, the overall
decrease in body mass was significantly small-
er than EAMG model group. Taken together,
these data indicate that TG could relieve the
symptoms of EAMG rats.

T cell-mediated immune regulation is the main
mechanism to control the stability of T cell
microenvironment and maintain T cell immune
tolerance. This mechanism not only can pre-
vent the occurrence of autoimmune diseases
through the regulation of autoantigen immune
response, but also can regulate the reaction of
non-self molecules. For example, there were a
large number of activated specific antigen-
reactive T cells in the synovium of rheumatoid
arthritis (RA) patients [7, 8].

Tripterygium wilfordii belongs to the tripterygi-
um family with anti-inflammatory, antioxidant
and immune regulatory activities, and it has
been used for the treatment of various autoim-
mune diseases. Tripterygium wilfordii is recom-
mended as first choice for RA treatment [9, 10].
Active ingredients of Tripterygium wilfordii are
complex, containing terpenes, glycosides and
alkaloids, alcohol and other compounds includ-
ing diterpenoids, alkaloids, and triterpenoids.
Among them, epoxy diterpene lactone com-
pound triptolide is considered to be one of the
most important anti-inflammatory and immuno-
suppressive components of Tripterygium wil-
fordii [11, 12]. In recent years, a large number
of experimental studies have shown that
Tripterygium has immunosuppression and anti-
inflammatory effects, and induces apoptosis
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and inhibits proliferation of vascular cells.
Tripterygium could directly inhibit the prolifera-
tion of T cells [13]. Wang et al. showed that
Tripterygium could regulate TCR and used for
the treatment of RA [14].

In summary, in this study, we established EAMG
rat model, and evaluated the efficacy of TG on
EAMG rats. Based on the comparisons of the
symptoms and cytokine expression in TG treat-
ment group and EAMG group, we concluded
that TG is a promising agent for the treatment
of MG.

Acknowledgements

This study was supported by the grant from
Science and Technology Project of Mudanjiang
(No. Z2014s078).

Disclosure of conflict of interest
None.

Address correspondence to: Lantao Liu, School of
Basic Medicine, Mudanjiang Medical University, 3
Tongxiang Street, Mudanjiang 157011, Heilongjiang
Province, China. Tel: 86-453-6984212; E-mail:
lIt7076@163.com

References

[1] Patrick J, Lindstrom J. Autoimmune response
to acetylcholine receptor. Science 1973; 180:
871-872.

[2] Yoshikawa H, Lambert EH, Walser-Kuntz DR,
Yasukawa Y, McCormick DJ, Lennon VA. A 17-
Mer self-peptide of acetylcholine receptor
binds to B cell MHC class I, activates helper T
cells, and stimulates autoantibody production
and electrophysiologic signs of myasthenia
gravis. J Immunol 1997; 159: 1570-1577.

[3] BaggiF, Annoni A, Ubiali F. Breakdown of toler-
ance to a self-peptide of acetylcholine receptor
alpha-subunit induces experimental myasthe-
nia gravis in rats. J Immunol 2004; 172: 2697-
2703.

[4] Usuku K, Joshi N, Hauser SL. T-cell receptors:
germline polymorphism and patterns of usage
in demyelinating diseases. Crit Rev Immunol
1992; 11: 381-393.

[5] Davis LS, Lipsky PE. Disordered differentiation
of memory T cells in rheumatoid arthritis. Rev
Rhum Engl Ed 1998; 65: 291-296.

[6] Xu X, LiQJ, Xia S, Wang MM, Ji W. Tripterygium
glycosides for treating late-onset rheumatoid

Int J Clin Exp Med 2017;10(8):12235-12239


mailto:llt7076@163.com

(7]

(8]

(9]

(10]

Tripterygium on myasthenia gravis

arthritis: a systematic review and meta-analy-
sis. Altern Ther Health Med 2016; 22: 32-39.
Catchpole B, Ward FJ, Hamblin AS, Staines NA.
Autoreactivity in collagen-induced arthritis of
rats: a potential role for T cell responses to self
MHC peptides. J Autoimmun 2002; 18: 271-
280.

Chen ZW, Kou ZC, Shen L, Regan JD, Lord ClI,
Halloran M, Lee-Parritz D, Fultz PN, Letvin NL.
An acutely lethal simian immunodeficiency vi-
rus stimulates expansion of V beta 7-and V
beta 14-expressing T lymphocytes. Proc Natl
Acad Sci U S A 1994; 91: 7501-7505.
Olofsson P, Holmberg J, Pettersson U, Holm-
dahl R. Identification and isolation of domi-
nant susceptibility loci for pristane-induced
arthritis. J Immunol 2003; 171: 407-416.
Yang CL, Or TC, Ho MH, Lau AS. Scientific basis
of botanical medicine as alternative remedies
for rheumatoid arthritis. Clin Rev Allergy Immu-
nol 2013; 44: 284-300.

12239

(11]

[12]

[13]

(14]

Ning LL, Zhan JX, Qu GQ, Zhong L, Guo H, Bi K
and Guo D. Biotransformation of triptolide by
Cunninghamella blakesleana. Tetrahedron
2003; 59: 4209-4213.

Qiu D and Kao PN. Immunosuppressive and
anti-inflammatory mechanisms of triptolide,
the principal active diterpenoid from the Chi-
nese medicinal herb tripterygium wilfordii
Hook. f. Drugs R D 2003; 4: 1-18.

Liu B, Zhang H, Li J, Lu C, Chen G, Zhang G, Lu
A and He X. Triptolide downregulates Treg cells
and the level of IL-10, TGF-B, and VEGF in mel-
anoma-bearing mice. Planta Med 2013; 79:
1401-1407.

Wang J, Wang A, Zeng H, Liu L, Jiang W, Zhu Y
and Xu Y. Effect of triptolide on T-cell receptor
beta variable gene mRNA expression in rats
with collagen-induced arthritis. Anat Rec
(Hoboken) 2012; 295: 922-927.

Int J Clin Exp Med 2017;10(8):12235-12239



