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Abstract
Background  Irritable bowel syndrome (IBS) is a chronic disorder of the gut-brain axis with significant morbidity. 
Triptolide, an active compound extracted from Tripterygium wilfordii Hook F (TwHF), has been widely used as a major 
medicinal herb in the treatment of inflammatory disease.

Methods  The chronic-acute combined stress (CAS) stimulation was used to establish IBS rat model. The model rats 
were then gavaged with triptolide. Forced swimming, marble-burying, fecal weight and abdominal withdrawal reflex 
(AWR) score were recorded. Pathologic changes in the ileal and colonic tissues were validated by hematoxylin and 
eosin staining. The inflammatory cytokines and Ornithine Decarboxylase-1 (ODC1) in the ileal and colonic tissues 
were performed by ELISA and WB.

Results  Triptolide didn’t have antidepressant- and antianxiety- effects in rats caused by CAS, but decreased fecal 
weight and AWR score. In addition, Triptolide reduced the release of IL-1, IL-6, and TNF-α and the expression of ODC1 
in the ileum and colon.

Conclusion  The therapeutic efficacy of triptolide for IBS induced by CAS was revealed in this study, which may be 
related to the reduction of ODC1.
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Introduction
Irritable bowel syndrome (IBS) is a chronic disorder 
of the gut-brain axis with a rising global incidence and 
results in significant morbidity. The disease contributes 
low work productivity, and high healthcare costs because 
of intestinal symptoms and its complications  [1]. As is 
well known, IBS does not represent abnormol structural 
or biochemical basis. Hence, therapeutic strategies for 
IBS are often focused on the predominant, or most trou-
blesome, symptom the patient experiences, rather than 
targeting underlying pathophysiology. Current thera-
peutic interventions for IBS are not sufficiently effective. 
The better understanding of the potential underlying 
mechanisms involved in the pathophysiology of IBS will 
bring new hope for future effective treatments. Recently, 
inflammation is considered to play a crucial role in devel-
opment of IBS [2]. Particularly, studies have shown the 
persistence of mucosal inflammation and aberrant T cell 
activation trigger IBS  [3]. And the research has reported 
that increasing the intake of anti-inflammatory dietary 
factors and reducing the intake of pro-inflammatory fac-
tors may be contributed to reducing the incidence of IBS 
[4]. Therefore, inhibition of inflammation is a promising 
strategy for IBS treatment.

Traditional Chinese medicine (TCM) has evolved over 
several thousands of years and has been proven to be 
effective in the treatment of digestive diseases. Triptolide 
is the main active compound purified from the Chinese 
herb Tripterygium wilfordii Hook.F and has multiple 
pharmacological properties such as immunomodulatory, 
anti-inflammatory, anti-proliferation, and antioxidant 
activities [5, 6]. The research has shown that triptolide 
could modulate the infiltration of macrophages and 
neutrophils and reduce the expression of proinflamma-
tory factors [7]. Intraperitoneally administered triptolide 
reportedly ameliorates 2,4,6-trinitrobenzene sulfonic 
acid (TNBS)-induced colonic fibrosis of rats [8]. And the 
research found that triptolide could improve the colonic 
inflammatory response of interleukin-10 deficient mice 
[9]. Furthermore, triptolide and its derivative could pro-
tect mice from dextran sulfate sodium (DSS)-induced 
colitis [10, 11]. Based on these studies, we proposed that 
triptolide might play beneficial effects in the treatment 
of IBS through the therapeutic action against chronic 
inflammation.

Ornithine decarboxylase-1(ODC1) is the rate-limiting 
enzyme in the process of polyamine biosynthesis, which 
can catalyze the decarboxylation of ornithine to putres-
cine, regulate the level of polyamines and participate in 
the regulation of cellular life activities. ODC1 is closely 
related to inflammatory diseases [12, 13]. Recent studies 
have indicated that ODC1 can increase promote colitis 
and colitis related cancer by inhibiting stimulate epithelial 
repair, antimicrobial defense, and antitumoral immunity. 

However, ODC1 blockage can significantly reduce the 
production of inflammatory factors and improve the 
severity of colitis in mice [14, 15]. Intestinal inflamma-
tory response is an important pathological change in IBS, 
and continuous inflammatory response can disrupt the 
intestinal mucosal barrier function, which is an impor-
tant cause of diarrhea, visceral hypersensitivity, and pain 
in IBS patients [16, 17]. Therefore, ODC1 may modulate 
inflammation and subsequently IBS development.

In the present study, protective effects and underly-
ing mechanism of triptolide on chronic acute combined 
stress (CAS)-induced IBS in rats was explored.

Materials and methods
Animal model and treatment
A total of 18 adult male Sprague-Dawley (SD) rats, 
weighing 200–220 g, were obtained from the Experimen-
tal Animal Center of the Zhejiang Province (Hangzhou, 
China). The rats were fed in groups of 3 per cage with a 
room temperature of 24 ± 1 °C and humidity of 50 ± 10%, 
and they were maintained on a 12-h light/dark cycle with 
water and food available ad libitum. After all rats were 
acclimatized to laboratory conditions for 1 week, the 
6 rats per group in each were used to conduct behavior 
tests. All experiments were approved by Wenzhou Medi-
cal University Animal Care and Use Committee (Code 
of Ethics: wydw2022-0138) and were conducted by the 
National Institutes of Health Guide for Care and Use 
of Laboratory Animals. Triptolide was purchased from 
MedChemExpress, which was dissolved in DMSO and 
diluted with olive oil. All the rats were randomly divided 
into 3 groups (n = 6 each): the normal group administered 
via gavage of the same volume of olive oil, the IBS group 
and the IBS treated via gavage of triptolide (100  µg/kg/
day) [18, 19]. 5 weeks later, behavioral tests and vis-
ceral sensitivity of the bowel were performed. Then the 
rats were anesthetized by i.p. injection of pentobarbital 
sodium, and their ileum and colon were harvested for 
further experiments. Finally, the rats were sacrificed by 
injecting excessive pentobarbital sodium.

Chronic Acute combined stress (CAS) model
The rat in the CAS group and the treatment group was 
exposed to the following 7 stressors in random order 
with minor modifications: 4  °C cold environment for 
5 min, overnight illumination for 12 h, water deprivation 
for 24  h, 40  °C hot environment for 10  min, tail clamp 
for 3 min, food deprivation for 24 h and bedding damp 
for 4 h. The stressors were presented randomly during 1 
week and then repeated for 5 weeks [20]. On day 36, 3 h 
of acute restraint stress was given to each of these rats. 
Control rats were left undisturbed in the cages through-
out the 5 weeks except for general handling.
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Forced swimming test
Rats were subjected a swimming-stress session for 
15 min (pre-test), 24 h before being individually placed in 
glass cylinders (40 cm height, 18 cm diameter) filled with 
water (24 ± 1  °C; depth 23 cm) for 5 min (test). Each rat 
was supposed to be immobile when it ceased struggling 
and remained floating motionless in the water, making 
only small movements necessary to keep its head above 
water. And the immobility time of each rat was recorded 
during 5 min test period [21].

Marble-burying test
Rats were placed individually in transparent propylene 
cages (40 × 24 × 20 cm) containing 5 cm deep sawdust and 
9 clean glass marbles (diameter 23  mm) equally spaced 
along the wall. 10  min later, animals were removed, the 
number of marbles at least one-half buried in the sawdust 
was recorded [22].

Intestinal tract motility
The weight of fecal pellets expelled during 1  h restraint 
period was used as an indirect measure of intestinal tract 
motility. Free access to water and food was given until the 
beginning of the procedure. This method was similar to 
that described previously, but with minor modifications 
[23].

Abdominal Withdrawal Reflex (AWR) testing in rats
The visceral hypersensitivity is an essential character-
istic feature of IBS. Visceral hypersensitivity responses 
to colorectal distension (CRD) were assessed by AWR 
scores, as described previously [24]. Rats in all the groups 
fasted on the day before the experiments, but the water 
was provided ad libitum. The balloon was constructed 
from a latex glove finger (6  cm of length) attached to 
a balloon dilator (2  mm of diameter), connected via 
a three-way pipe connector to a syringe pump and a 
sphygmomanometer. Rats were first anesthetized with 
isoflurane, and the balloon coating with vaseline oil was 
inserted into the distal colon with the distal tip 1 cm from 
the anal verge and secured by taping the attached tub-
ing to the rat’s tail. The rats were then allowed to wake 
up and adapt for 30  min. Graded strengths of CRD at 
20, 40, 60, and 80 mmHg were applied at 4 min intervals 
and kept inflation for 20 s at a time to produce different 
intensities of visceral pain. AWR responses were mea-
sured by blind observers who determined scores accord-
ing to the following scales: 0, no behavioral response to 
CRD; 1, brief head movement followed by immobility; 2, 
contraction of abdominal muscles; 3, lifting of abdomen; 
4, body arching and lifting of pelvic structures. The mea-
surements were repeated 5 times for each intensity level 
and the data for each rat were averaged. AWR test was 
performed on day 37 after forced swimming test.

Histological evaluation
Ileum and colon tissues obtained from rats were fixed 
with 4% paraformaldehyde, embedded in paraffin. These 
samples were sectioned at 4  μm and stained with hae-
matoxylin-eosin (HE). Morphologyical analysis was con-
ducted with light microscope (40X) (Nikon, Japan).

Determination of inflammatory markers IL-1, IL-6, and TNF-α
The IL-1, IL-6, and TNF-α Active ELISA (Active Motif, 
USA) kit was used to measure the binding activity of free 
IL-1, IL-6, and TNF-α in ileum and colon. The ileum and 
colon tissues adjacent to the cecum were collected and 
kept in -80  °C refrigerator, and IL-1, IL-6, and TNF-α 
activation assay were completed according to the kit 
instructions.

Western blot analysis
The ileum and colon tissues were lysed with radio immu-
noprecipitation assay (RIPA) buffer containing prote-
ase and phosphatase inhibitors, and then centrifuged at 
12,000 rpm for 30 min at 4 °C. And 30 µg protein samples 
were separated by electrophoresis on 10% SDS-PAGE 
gels. After electrophoresis, proteins from the gels were 
transferred onto polyvinylidene difluoride (PVDF) mem-
branes and blocked with 5% dried milk in Tris-buffered 
saline (TBS) containing 0.1% Tween 20 for 2  h at room 
temperature. The membranes were incubated with the 
appropriate primary antibodies, i.e., Ornithine decar-
boxylase-1 (ODC1) (1:1000; Proteintech Group, USA), 
GAPDH (1:1000; Cell signaling technology, USA), over-
night at 4 °C. After washing, the PVDF membranes were 
incubated with the horseradish peroxidase-linked sec-
ondary antibodies (goat anti-rabbit IgG-HRP, 1:2000; Cell 
signaling technology, USA) for 2 h at room temperature. 
Labeled protein bands were visualized by using ECL kit 
(Advansta, USA) and quantified using Image J software 
(National Institutes of Health, USA).

Statistical analysis
All data were expressed as mean ± standard deviation 
(SD). The data were analyzed statistically using inde-
pendent-samples t-test and one-way analysis of variance 
(ANOVA), followed by a post hoc Tukey’s test. P < 0.05 
was considered statistically significant.

Results
The established IBS model in rats and triptolide had no 
effects on behaviors
The potential anti-anxiety- and antidepressant- like 
effects of triptolide were evaluated in marble-burying test 
and the forced swimming tests. Forced swimming test 
showed that CAS induced IBS group had longer immobil-
ity time than that of control group (P < 0.05). Rats treated 
with triptolide with the increase of the immobility time 
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were similar to those of CAS induced IBS group (P<0.05). 
Marble-burying test showed the similar results (control 
group vs. IBS group, P < 0.05; IBS group vs. IBS + trip-
tolide group, P<0.05) (Fig. 1).

Triptolide decreased visceral hypersensitivity of bowel
Fecal weight was significantly higher in IBS group com-
pared with control group (P < 0.01), which was reversed 
by triptolide (P < 0.01). AWR scores were strikingly 
increased from low pressure (40mmHg) to high pres-
sure (80mmHg) (P < 0.01) in IBS group, while triptolide 
remarkably reduced the increase (P < 0.01) (Fig. 2). There 

was no significant change in histological analysis among 
the control group, IBS group and IBS + triptolide group 
(Fig.  3). The results of forced swimming test, marble-
burying test and AWR scores, as well as histological anal-
ysis suggested that CAS successfully induced IBS model 
in rats.

Triptolide exerted anti-inflammatory effects in the ileum 
and colon
Compared with control group, IBS group has high levels 
of IL-1, IL-6, and TNF-α (P < 0.01). However, triptolide 

Fig. 2  The effects of triptolide administration on visceral hypersensitivity of bowel in rats with CAS-inudced IBS. The fecal weight (A), n = 4 and AWR score 
in the CRD testing (B), n = 6 was carried out to evaluate visceral hypersensitivity of bowel. The rats were either subjected to chronic acute combined stress 
for 35 days or left undisturbed (Control group). Results are expressed as mean ± SD. **P < 0.01 vs. Control group, #P < 0.05 and ##P < 0.01 vs. IBS group. CRD, 
colorectal distension; AWR, abdominal withdrawal reflex

 

Fig. 1  The effects of triptolide administration on behavioral symptoms in rats with CAS-inudced IBS. The the marbleburying tests (A) and immobility 
time in the forced swimming (B) were performed to investigate anxiety- and depressant- like behaviors. The rats were either subjected to chronic acute 
combined stress for 35 days or left undisturbed (control group). Results are expressed as mean ± SD (n = 6). *P < 0.05 and **P < 0.01 vs. Control group
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reduced the release of IL-1, IL-6, and TNF-α compared 
with IBS group (P < 0.01) (Fig. 4).

Triptolide reversed ODC1 protein level in the ileum and 
colon
ODC1 was increased in the ileum (P < 0.05) and colon 
induced by CAS (P < 0.01), while triptolide treatment 
inhibited the increase (P < 0.05) (Fig. 5).

Discussion
This study indicated that though triptolide didn’t atten-
uated the behavioral symptoms, but still ameliorate 
visceral hypersensitivity in chronic-acute combined 
stress (CAS)-induced IBS in rats. In addition, triptolide 
decrease inflammatory cytokines and ODC1 expression. 
This study suggested triptolide is a promising drug for 
IBS treatment and ODC1 may be an effective target.

As one of the most important functional bowel dis-
orders, IBS is responsible for more than 10% of bowel 
symptoms in the global adult population based on popu-
lation-based surveys [25]. IBS treatment often focuses on 
the predominant symptoms, including fiber supplements, 
probiotics, antidepressants, and 5-hydroxytryptophan 
3 receptor antagonists [26]. However, these treatments 
don’t sufficiently affect the natural history of IBS in the 
long term [27]. TCM has become an important choice for 
pharmaceutical research and drug discovery. Recently, 

a few TCMs were used to treat IBS, such as Shenling 
Baizhu and Fuzi-Lizhong [28, 29].

Since IBS is considered as a brain–gut disorder, gut–
brain dysfunction plays a crucial role in the progression 
of IBS. Chronic-acute induced stress in animal mod-
els were previously utilized to determine the molecular 
mechanisms underlying not only emotional disorders, 
but also many other extracerebral disease such as ath-
erosclerosis, hepatic injury, blood pressure variability, 
etc [30–32]. These models also promoted drug discovery. 
Animals subjected to CAS result in psychiatric disorders 
and visceral hypersensitivity, especially in the ileum and 
colon [13, 20], which was considered as IBS model. It is 
well known that visceral sensitivity is responsible for the 
pathophysiology of functional bowel disease. Further-
more, hypersensitivity contributes to abdominal pain 
associated with defecation or a change in the gastrointes-
tinal tract [33]. In the present study, we applied the CAS 
procedure to drive the symptoms of IBS and bowel dis-
orders. In line with the clinical pathology of IBS [34, 35], 
the pathological manifestations were not observed in the 
ileum and colon.

Though the relation between inflammation and IBS 
has not been well identified, post-infectious changes, 
chronic infections, and immune activation were tradi-
tionally described as the underlying mechanisms trigger-
ing IBS [36]. Low-grade inflammation (LGI) is defined as 

Fig. 3  The intestinal structural changes after treatment with triptolide in rats with CAS-inudced IBS. HE was used to stain the ileum and colon of rats in 
each group (40X). HE, hematoxylin and eosin
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inflammatory changes with a lower pathological degree 
in the intestine, the degree of which is higher than the 
“physiological inflammation” of the normal intestinal 
mucosa but without significant external manifestation of 
inflammation. LGI is an important pathological change of 
IBS. Continuous LGI causes the damage to the intestinal 
mucosal barrier function, which results in diarrhea, vis-
ceral hypersensitivity, and pain in IBS [16, 17]. 2021 the 
American College of Gastroenterology Clinical Guideline 
also recommended two fecal-derived markers of intesti-
nal inflammation, fecal lactoferrin and fecal calprotec-
tin, as well as ESR and CRP, were diagnostically useful 
for IBS [37]. The most studies regarding IBS focused on 
gut bacterialmediated inflammation. The Previous stud-
ies showed that water avoidance stress also could cause 
visceral hypersensitivity and release of inflammatory fac-
tors, such as IL-1β, and IL-18 in the colon [38]. The infil-
tration of inflammatory cells was not found in the ileum 
and colon. Noticeably, our data showed inflammatory 
cytokines including IL-1. IL-6 and TNFα were remark-
ably increased in ACS-induced IBS. The data suggested 
that CAS-induced low-grade inflammation.

Triptolide, a small molecule purified from the TwHF, 
also was considered as a potent anti-inflammatory agent 

[39]. Triptolide was proven to have therapeutic effects 
on rheumatoid arthritis [40]. In addition, it was shown 
triptolide ameliorates colitis and inflammatory responses 
[11]. Triptolide also was reported to improve cognitive 
dysfunction with vascular dementia [41]. More impor-
tantly, triptolide was identified as a potent anti-depres-
sive drug [18]. Tring to killing two birds with one stone, 
the stone is the disease (‘’IBS’’), and birds are pathological 
mechanisms (‘’brain-gut axis and inflammation’’). Indeed, 
triptolide treatment attenuated IBS-induced visceral 
hypersensitivity and inflammatory cytokines in the ileum 
and colon. However, triptolide treatment didn’t reduce 
the behavioral symptoms of IBS induced by CAS. The 
result indicated brain-gut axis isn’t involved in the effects 
of triptolide on IBS. And the sole inhibition of targeting 
inflammation can be recognized as an effective strategy.

ODC1 is the first and rate-limiting enzyme in the bio-
synthesis of polyamines and implicated in the genera-
tion of polyamines by the decarboxylation of ornithine 
[42]. Polyamines regulate various physiological processes 
such as cell proliferation and apoptosis, DNA stabili-
zation, transcription and translation, etc [43, 44]. The 
overexpression of ODC1 in multiple cancerous tissues 
contributes to tumor growth via generation of increased 

Fig. 4  The effects of triptolide administration on inflammatory cytokines expression in rats with CAS-inudced IBS. ELISA was conducted to measure the 
expression of IL-1, IL-6, and TNF-α in the ileum (A) and colon (B) in each group. Results are expressed as mean ± SD (n = 6). **P < 0.01 vs. Control group, 
##P < 0.01 vs. IBS group
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polyamines [45–47]. Recently, the role of ODC1 in mod-
ulating gastric and colonic inflammation in macrophages 
after bacterial infections were reported [48]. Moreover, 
it was found that macrophage ODC1 promotes colitis 
and colitis-related colon carcinogenesis [15]. Thus, we 
propose ODC1 may play a key role in IBS and ODC1 is 
involved in the effects of triptolide. In the present study, 
the increase of ODC1 in the ileum and colon induced by 
CAS was reduced by triptolide treatment.

Our study still had the following limitations. Firstly, our 
study clarified the effect of triptolide on CAS-induced 
IBS in rats, other IBS models, such as colon administra-
tion and maternal isolation should be performed to con-
firmed these results. Secondly, the role of ODC1 in IBS 
should be further confirmed by ODC1 knockout mice. 
Finally, these results are based on animal experiments, 
and the role of ODC1 in the treatment of IBS in the clini-
cal setting remain be validated in future.

Conclusion
In summary, our data demonstrated that triptolide could 
attenuate CAS-induced IBS by inhibiting inflammatory 
cytokines but not via the brain-gut axis, and the underly-
ing mechanism was correlated to the decrease of ODC1.
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