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Abstract
AIM: To evaluate the therapeutic effect of Shugan-de-
coction (SGD) on visceral hyperalgesia and colon gene 
expressions using a rat model. 

METHODS: Ninety-six adult male Wistar rats were ran-
domized into six equal groups for assessment of SGD 
effects on psychological stress-induced changes using 
the classic water avoidance stress (WAS) test. Untreat-
ed model rats were exposed to chronic (1 h/d for 10 d 
consecutive) WAS conditions; experimental treatment 
model rats were administered with intragastric SGD at 
1 h before WAS on consecutive days 4-10 (low-dose: 0.1 
g/mL; mid-dose: 0.2 g/mL; high-dose: 0.4 g/mL); con-
trol treatment model rats were similarly administered 

with the irritable bowel syndrome drug, dicetel (0.0042 
g/mL); untreated normal control rats received no drug 
and were not subjected to the WAS test. At the end of 
the 10-d WAS testing period, a semi-quantitative mea-
surement of visceral sensitivity was made by assessing 
the abdominal withdrawal reflex (AWR) to colorectal 
balloon-induced distension (at 5 mmHg increments) to 
determine the pain pressure threshold (PPT, evidenced 
by pain behavior). Subsequently, the animals were sac-
rificed and colonic tissues collected for assessment of 
changes in expressions of proteins related to visceral 
hypersensitivity (transient receptor potential vanilloid 1, 
TRPV1) and sustained visceral hyperalgesia (substance 
P, SP) by immunohistochemistry and real-time poly-
merase chain reaction. Inter-group differences were as-
sessed by paired t test or repeated measures analysis 
of variance.

RESULTS: The WAS test successfully induced visceral 
hypersensitivity, as evidenced by a significantly reduced 
AWR pressure in the untreated model group as com-
pared to the untreated normal control group (190.4 ± 
3.48 mmHg vs  224.0 ± 4.99 mmHg, P  < 0.001). SGD 
treatments at mid-dose and high-dose and the dicetel 
treatment significantly increased the WAS-reduced PPT 
(212.5 ± 2.54, 216.5 ± 3.50 and 217.7 ± 2.83 mmHg 
respectively, all P  < 0.001); however, the low-dose 
SGD treatment produced no significant effect on the 
WAS-reduced PPT (198.3 ± 1.78 mmHg, P  > 0.05). 
These trends corresponded to the differential expres-
sions observed for both TRPV1 protein (mid-dose: 1.64 
± 0.08 and high-dose: 1.69 ± 0.12 vs  untreated model: 
3.65 ± 0.32, P < 0.001) and mRNA (0.44 ± 0.16 and 
0.15 ± 0.03 vs 1.39 ± 0.15, P  < 0.001) and SP protein 
(0.99 ± 0.20 and 1.03 ± 0.23 vs  2.03 ± 0.12, P  < 0.01) 
and mRNA (1.64 ± 0.19 and 1.32 ± 0.14 vs  2.60 ± 0.33, 
P < 0.05). These differential expressions of TRPV1 and 
SP related to mid- and high-dose SGD treatments were 
statistically similar to the changes induced by dicetel 
treatment. No signs of overt damage to the rat system 
were observed for any of the SGD dosages.
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CONCLUSION:  Shugan-decoction can reduce chronic 
stress-induced visceral hypersensitivity in rats, and the 
regulatory mechanism may involve mediating the ex-
pressions of TRPV1 and SP in colon tissues.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The classical rat model of chronic stress induc-
tion via water avoidance stress (WAS) test was used to 
investigate the therapeutic effect of the Shugan-decoc-
tion (SGD) on visceral hypersensitivity of the gastroin-
testinal tract and its underlying molecular mechanisms. 
The study design reflected the therapeutic potential 
of SGD for treating the stress-related gut aspects of 
irritable bowel syndrome (IBS) in humans. Mid- and 
high-dose SGD treatments significantly increased the 
WAS-reduced pressure thresholds, similarly to those 
induced by the IBS drug dicetel. The SGD treatments 
also restored WAS-related changes in transient recep-
tor potential vanilloid 1 and substance P expression in 
the colon.

Shang JJ, Yuan JY, Xu H, Tang RZ, Dong YB, Xie JQ. 
Shugan-decoction relieves visceral hyperalgesia and reduces 
TRPV1 and SP colon expression. World J Gastroenterol 2013; 
19(44): 8071-8077  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i44/8071.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i44.8071

INTRODUCTION
In recent decades, irritable bowel syndrome (IBS) has 
emerged as a highly prevalent functional gastrointestinal 
disorder that is strongly associated with high levels of  
stress in daily life. The spectrum of  IBS symptoms, rang-
ing from discomfort associated with altered bowel habits 
to recurrent abdominal pain, is non-life threatening, but 
can severely impact an individual’s general wellbeing and 
severely disrupt daily life. Despite the extensive labora-
tory- and clinical-based investigations that have been 
carried out to determine the underlying etiology and 
pathogenesis of  IBS, no precise causative factors have 
been identified for the onset and progression of  this 
disease. Patients present with an absence of  IBS-specific 
structural and biochemical abnormalities[1,2], but have 
higher incidences of  psychological stress (both acute and 
chronic), visceral sensory abnormalities, gastrointestinal 
motility disorders, and gastrointestinal infections.

The theory of  increased visceral sensitivity as a fea-
ture of  IBS has been addressed by numerous studies. 
Indeed, IBS patients have been reported to show an en-
hanced sensitivity to colon and rectal balloon dilatation[3]. 
The mechanisms underlying such visceral hypersensitivity 

remain unknown, but are likely multifactorial and com-
plex[4,5]. Under normal physiological conditions, visceral 
sensitivity is mediated by a variety of  neuron-localized 
ion channels, such as the transient receptor potential 
(TRP) non-selective cation channels, that also function in 
the formation and regulation of  hyperalgesia.

The transient receptor potential vanilloid 1 (TRPV1) 
TRP family member plays a key role in modulation of  
the sensation of  pain and thermal hyperalgesia[6] and is 
widely expressed throughout the gastrointestinal tract[7]. 
In the colon, substance P (SP)-mediated phosphorylation 
activates TRPV1, thereby enhancing the probability of  
channel gating promoting development of  visceral hyper-
sensitivity[8]. In this manner, SP itself  acts as an important 
regulator of  sustained visceral hyperalgesia, and has been 
characterized as an etiological factor of  the repeated 
stress rat model system[9].

Clinical observations of  IBS patients have indicated 
that remarkably aggravated disease symptoms occur dur-
ing times of  increased emotional and mental stress[10]. 
In traditional Chinese medicine (TCM), these disrupted 
states correspond to liver-depression and spleen-deficien-
cy. Thus, therapies that soothe the liver and strengthen 
the spleen are applied to IBS patients. One such therapy 
is the TCM compound Shugan-decoction (SGD), which, 
when administered orally, has been shown to significantly 
improve the clinical symptoms of  IBS[11]. In this study, a 
rat model of  stress-induced visceral hypersensitivity was 
employed to investigate the efficacy profile and therapeu-
tic mechanism of  SGD in IBS-like conditions.

MATERIALS AND METHODS
Animals
Ninety-six Wistar rats (150 ± 20 g adult males) were ob-
tained from the Experimental Animal Center of  Shang-
hai University of  TCM (China) for analysis. The animals 
were housed under a 12/12 light cycle, with standard 
temperature (21-23 ℃) and humidity (50% ± 5%) and ad 
libitum access to standard rat chow and tap water. All con-
secutive daily experimental procedures were conducted 
between 8:00-11:00 AM to minimize confounding due to 
diurnal variations.

The study was designed according to the guidelines 
of  ethical treatment in research published by the Com-
mittee of  International Association for the Study of  Pain 
and approved by the Committee on the Use of  Human 
and Animal Subjects in Teaching and Research at the 
Shanghai University of  TCM. All protocols were carried 
out with the aim of  minimizing or eliminating discomfort 
to the animals. 

Experimental compounds 
The constituent ingredients of  SGD (white atractylodes 
rhizome, white peony root, dried old orange peel, Lede-
bouriella root and Radix bupleuri) were purchased as crude 
herbs from the Yanghetang Pharmacy (Shanghai, China). 
The aqueous extract of  SGD was made by the Herbal 
Chemistry Lab at the Shanghai University of  TCM, using 
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the following steps: decoction of  the crude herbs twice, 
combination of  the two filtrate samples, decompression 
recovery to obtain the final aqueous extract product. The 
standard IBS pharmaceutical drug dicetel (pinaverium 
bromide; 50 mg tablets) was obtained from Solvay Phar-
ma (Suresnes, France).

Water avoidance stress test
Repeated water avoidance stress (WAS) was conducted 
as previously described to induce chronic psychological 
stress with gastric disruption[12]. Briefly, rats were placed 
on a clear glass platform (10 × 8 × 8 cm) in the middle 
of  a plexiglass tank (45 × 25 × 25 cm) filled with water 
at 25 ℃ (to fill the tank up to 1 cm below the top of  the 
platform), and remained on the platform for 1 h. The 
WAS procedure was repeated once daily for 10 consecu-
tive days.

Treatment and control groups
Untreated model rats (n = 16) were exposed to chronic (1 
h/d for 10 d consecutive) WAS conditions. Experimental 
treatment model rats (n = 16 each dosage group) were 
administered with intragastric SGD at 1 h before WAS 
on consecutive days 4-10 (low-dose: 0.1 g/mL; mid-
dose: 0.2 g/mL; high-dose: 0.4 g/mL). Control treatment 
model rats (n = 16) were similarly administered the IBS 
drug, dicetel (0.0042 g/mL). Untreated normal control 
rats (n = 16) received no drug and were not subjected to 
the WAS test.

Measurement of fecal pellet output
To estimate distal colonic motility, fecal pellet output was 
measured as previously described[9]. Briefly, fecal pellets 
found in the WAS tank were counted at the end of  each 
1 h WAS test. For the untreated normal control rats, the 
amount of  fecal pellets left in the home cage were count-
ed over a 60 min period of  time. Data are presented as 
mean ± SE (n = 16).

Colorectal distension and semi-quantitative 
measurement of pressure pain threshold 
At the end of  the 10-d WAS testing period, a semi-
quantitative measurement of  visceral sensitivity was 
made in each group (n = 8 each group) by assessing 
the abdominal withdrawal reflex to colorectal balloon-
induced distension to determine the pressure threshold 
(evidenced by pain behavior)[10]. Briefly, rats were lightly 
sedated with halothane and a deflated latex balloon (4-5 
cm diameter at full inflation) was inserted intra-anally 
with its end 1 cm proximal to the anus into the descend-
ing colon and rectum. Animals were then placed into a 
small lucite cubicle (20 × 8 × 8 cm) and allowed to wake 
up and adapt for 30 min prior to initiation of  colorectal 
distension (CRD). The CRD was performed by progres-
sive inflation of  the colorectally-inserted balloon at 5 
mmHg increments, and stopped when the animal exhib-
ited pain behavior. The pressure pain threshold (PPT) 
value was recorded as the mmHg pressure that evoked 
contraction of  the animal’s abdominal muscles following 

balloon-mediated CRD delivered for 30 s duration at 4 
min intervals. All the measurements were observed by 
two investigators (Shi HL and Qian W) working inde-
pendently and blinded to the animals’ grouping.

Sacrifice and colon tissue collection
All rats were sacrificed by cervical dislocation immediate-
ly after visceral sensitivity measurements were completed 
so that the descending colon (2 cm above the anus, which 
had not undergone CRD) could be removed by dissec-
tion. The tissue sample was then divided into two parts: 
one was fixed with 10% formalin [for subsequent immu-
nohistochemical (IHC) analysis] and the other was snap-
frozen and stored at -80 ℃ [for subsequent real-time 
polymerase chain reaction (PCR) analysis].

IHC analysis
The IHC analysis of  TRPV1 and SP protein expression in 
colon tissues was performed using the EnVision + System 
two-step horseradish peroxidase staining technique (Dako-
Cytomation, Glostrup, Denmark) with targeted polyclonal 
rabbit anti-human primary antibodies (1:100 dilutions; 
Santa Cruz Biotechnology, Inc., Santa Cruz, CA,United 
States). Negative controls were run with the primary an-
tibodies omitted from the procedure. Positive detection 
was indicated by visualization of  a brown stain in the 
cytoplasm. Three randomly selected × 200 magnification 
fields were evaluated using a BH2 microscope (Olympus, 
Tokyo, Japan) equipped with a Nikon 4500 digital camera 
(Tokyo, Japan). The computer-aided image analysis system 
by Qiu Wei Inc. (Shanghai, China) assessed the area and 
optical density (OD) of  TRPV1 and SP-positive cells in 
each field. The IHC index was calculated as the average 
integral optical density: [(positive area × OD)/total area]. 
Data are presented as mean ± SE (n = 6).

Real-time PCR
Total RNA was extracted from the thawed colon tis-
sue samples using the TRIzol Reagent (Invitrogen Life 
Technologies, Carlsbad, CA, United States) and reverse 
transcribed to cDNA by using the Prime-Script™
Reagent Kit (Takara, Tokyo, Japan), according to the 
manufacturers’ instructions. The following primer sets 
(forward and reverse, respectively) were used for gene-
specific amplifications: TRPV1 (GenBank accession No. 
NM_031982): 5’-CCACACAAGTGCCGGGGGTC-3’ 
and 5’-CCAGGTCGCCCATGCCGATG-3’; SP (Gen-
Bank accession No. NM_053844): 5’-CTTCCTGGAC-
GCGATGGGCTG-3’ and 5’-TGGAAATCCTGGCAG-
GCCCCTT-3’; GAPDH (normalizing control; primers 
were synthesized by Dawei Biotechnology Co., Shijia-
zhuang, China): 5’-GCCACAGCACTCCATCGAC-3’ 
and 5’-GTCTCCGATCTGGAAAACGC-3’. The real-
time PCR was carried out with Synergy Brands Green 
I dye (Qiagen GmbH, Hilden, Germany) using a Prism 
7500 System (Applied Biosystems Inc., Foster City, CA, 
United States) under the following conditions: 40 cycles 
of  94 ℃ for 30 s, 57 ℃ for 30 s and 72 ℃ for 30 s, fol-
lowed by a single final extension cycle of  72 ℃ for 7 min. 
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controls for both TRPV1 (3.65 ± 0.32 vs 0.86 ± 0.11, P 
< 0.001) and SP (2.03 ± 0.12 vs 0.64 ± 0.11, P < 0.001). 
These WAS-stimulated increases in protein levels were 
significantly reduced by the SGD treatments at mid-dose 
(TRPV1: 1.64 ± 0.08 and SP: 0.99 ± 0.20) and high-dose 
(TRPV1: 1.69 ± 0.12 and SP: 1.03 ± 0.23) compared 
with the untreated model group (TRPV1: P < 0.001 and 
SP: P < 0.01). Furthermore, the extent of  reduction was 
similar to that achieved with dicetel control treatment 
(TRPV1: 1.46 ± 1.60 and SP: 0.76 ± 0.11; both P < 0.001 
vs untreated model group). The low-dose SGD treatment 
produced no significant effect on the WAS-stimulated 
increases in TRPV1 (3.48 ± 0.33, P < 0.001 vs untreated 
model group) or SP (1.69 ± 0.22, P < 0.01 vs untreated 
model group).

The same WAS-induced and SGD-relieved trends 
were seen for the gene expressions of  TRPV1 and SP. 
The untreated model group showed significantly higher 
relative expressions of  both genes compared with the un-
treated normal control group (TRPV1: 1.39 ± 0.15 vs 0.14 
± 0.03 and SP: 2.60 ± 0.33 vs 0.70 ± 0.12, both P < 0.001). 
The mid- and high-dose SGD treatments significantly re-
duced the WAS-increased mRNA expression of  TRPV1 
(0.44 ± 0.16 and 0.15 ± 0.03, both P < 0.001 vs untreated 
model group) and SP (1.64 ± 0.19 and 1.32 ± 0.14, both 
P < 0.05 vs untreated model group), with the SP levels 
being uniquely reduced by mid-dose SGD to levels simi-
lar to those of  the untreated normal controls (P < 0.05). 
Furthermore, the trends in SGD-mediated relief  were 
similar to those observed with the dicetel control treat-
ment (TRPV1: 0.22 ± 0.02, P < 0.001 vs untreated model 
group and SP: 1.35 ± 0.13, P < 0.01 vs untreated model 
group). Again, the low-dose SGD treatment produced 
no significant effect on the WAS-stimulated increase in 
mRNA expression of  TRPV1 (0.99 ± 0.16) and SP (2.34 
± 0.19) (both P < 0.001 vs untreated normal control 
group).

DISCUSSION
In the present study, the well-established animal model of  
chronic water avoidance stress was used to stimulate the 
gastrointestinal tract hypersensitivity that is characteristic 
of  human IBS. The WAS-induced physical manifesta-
tions (i.e., increased fecal output and lower PPT) were ac-
companied by differential expression patterns of  genes/
proteins related to visceral hypersensitivity (TRPV1) and 
hyperalgesia (SP) in colon tissues. In addition, the model 
was used to evaluate the therapeutic efficacy of  SGD, as 
a TCM alternative to dicetel, the pharmacologic agent 
most commonly used to treat IBS in humans. The find-
ings indicated SGD was able to relieve the WAS-induced 
visceral hypersensitivity and hyperalgesia, as well as re-
store the perturbed TRPV1 and SP expressions.

Visceral pain, related to CRD and visceral hypersensi-
tivity, is a hallmark feature of  IBS and is often the factor 
precipitating a patient’s presentation to the clinic[13-16]. 
However, the underlying molecular mechanisms of  the 

Samples were run in triplicate and the normalized values 
were averaged. Data are presented as mean ± SE (n = 6).

Statistical analysis
All statistical analyses were carried out with the Graph-
Pad Prism v5.0 software (GraphPad Software Inc, La 
Jolla, CA, United States). Inter-group differences were as-
sessed by a paired t test or repeated measures analysis of  
variance. A P value of  < 0.05 was set as the threshold for 
statistical significance.

RESULTS
WAS-induced visceral hypersensitivity and hyperalgesia 
are relieved by SGD 
The WAS test successfully induced visceral hypersensitiv-
ity, as evidenced by a sustained significant increase in fe-
cal pellet output (distal colonic motility) from the untreat-
ed model group as compared with the untreated normal 
control group not subject to the WAS test (day 3: 8.69 ± 
0.60 vs 2.31 ± 0.66 and day 10: 8.56 ± 0.63 vs 0.56 ± 0.29, 
both P < 0.001). After 7 d of  SGD treatment, significant 
relief  of  the WAS-stimulated increase in fecal output was 
achieved by the mid-dose (day 3: 8.38 ± 0.77 vs day 10: 
4.31 ± 0.42, P < 0.001) and high-dose (day 3: 8.19 ± 0.62 
vs day 10: 3.63 ± 0.39, P < 0.001). Although the extent of  
relief  in these groups was similar to that achieved with 
the dicetel control treatment (day 3: 8.75 ± 0.53 vs day 10: 
4.00 ± 0.35, P < 0.001 for all vs corresponding mid- and 
high-dose SGD values), none of  the treatments reduced 
fecal output to untreated normal control group levels by 
day 10. The low-dose SGD treatment produced no sig-
nificant effect on WAS-stimulated fecal output increase 
(day 3: 8.94 ± 0.84 and day 10: 6.88 ± 0.51; both P < 0.001 
vs untreated normal control group; P > 0.05 for day 3 vs 
day 10).

The same WAS-induced and SGD-relieved trends 
were seen for visceral hyperalgesia. The untreated model 
group showed significantly lower PPT than the untreated 
normal control group (190.40 ± 3.48 mmHg vs 224.00 ± 
4.99 mmHg, P < 0.001), which was relieved by the mid- 
and high-dose SGD treatments (212.50 ± 2.54 mmHg 
and 216.50 ± 3.50 mmHg) to a similar extent achieved 
with dicetel control treatment (217.70 ± 2.83 mmHg) (all 
P < 0.001 vs untreated model group). Again, the low-dose 
SGD treatment produced no significant effect on the 
WAS-reduced pressure threshold (198.30 ± 1.78 mmHg, 
P > 0.05 vs untreated normal control group and P < 0.001 
vs untreated model group).

WAS-reduced expression of colon-expressed genes 
related to visceral hypersensitivity (TRPV1) and 
hyperalgesia (SP) was relieved by SGD treatment
IHC detection of  TRPV1 and SP in colon tissues of  un-
treated normal control rats showed that their expressions 
were mainly localized to the mucosa and submucosa 
(Figure 1). The untreated model group showed signifi-
cantly higher AOID levels than the untreated normal 
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IBS pain response are poorly understood, which has in-
hibited development of  effective pain management strat-
egies[17,18]. The demonstration of  TRPV1 as a contributor 
to WAS-induced colonic hypersensitivity, suggests its 
potential as a target of  molecular therapies that may not 
only reduce the overactive distal colonic motility, but also 
relieve the associated lower PPT. Indeed, when TRPV1 
was knocked-out in mice, the visceral sensitivity to CRD 
was significantly reduced[19], and enhanced TRPV1 ex-
pression has been observed in a variety of  gastrointesti-
nal diseases[20,21], including human cases of  IBS[22].

An increased amount of  TRPV1-expressing nerve 
fibers have been reported in IBS-affected tissues from 

human patients[22], and may represent a physiological link 
between increased TRPV1 transcription and the pain re-
sponse in IBS[23,24]. In addition, inflammatory factors are 
known agonists of  TRPV1 channels[25] and might explain 
the common feature of  low-grade inflammation in IBS. 
Considering a previous finding that development of  fecal 
urgency and rectal hypersensitivity correlated with in-
creased immunoreactivity to TRPV1 within the gastroin-
testinal tract[20], it is possible that therapeutic antagonism 
of  TRPV1 channels may result in antihyperalgesic effects 
without hypoalgesic activity, and might be beneficial in 
the treatment of  IBS visceral pain[26].

The current study’s finding of  chronic WAS-induced 

Figure 1  Reductions in the expressions of substance P and transient receptor potential vanilloid 1 protein by water avoidance stress in the colon are re-
lieved by SGJGD treatment. A-F: Substance P protein; G-L: Transient receptor potential vanilloid 1. IHC-detected colon tissues (× 200) from: untreated normal group 
(A, G); untreated model group (B, H); high-dose Shugan-decoction (SGD) model group (C, I); mid-dose SGD model group (D, J); low-dose SGD model group (E, K); 
dicetel control model group (F, L).

A B C

D E F

G H I

J K L
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changes in SP colon expression agree with other recent 
studies using the same model system that have implicated 
this neuropeptide in the maintenance of  visceral hyper-
algesia[9,27]. As a critical neurotransmitter of  injurious 
signals, SP effectively links the gut nervous system to the 
immune system, stimulating a wide range of  effector cells 
in the stomach and intestine to facilitate proper gastroin-
testinal motility, sensibility, secretion and absorption. The 
mechanism by which SP mediates visceral hypersensitivity 
may involve a myriad of  cellular processes and signaling 
cascades, including promotion of  the mast cell degranu-
lation response, the release of  histamines, leukotrienes, 
prostaglandins and bradykinin, all of  which can cause 
inflammatory reactions leading to neuropathic pain[28].

The clinical observations of  increased SP expression 
in the intestinal mucosa of  IBS patients[29,30], coupled with 
the previous demonstration of  SP’s ability to activate 
TRPV1 via phosphorylation, thereby enhancing the prob-
ability of  channel gating[9], suggested that SP might be a 
vital mediator of  chronic stress-induced visceral hyperal-
gesia through the modulation of  TRPV1 channels. When 
TRPV1 channels are activated, a large Ca2+ influx can 
lead to cellular depolarization[31], with neurons releasing 
an array of  neurotransmitters to trigger the downstream 
response of  visceral hypersensitivity.

Dicetel is the most commonly applied pharmaco-
therapy of  IBS, yet it is associated with a wide range of  
side effects, such as itching, rash, nausea and dry mouth. 
In addition, its widespread adoption in clinical practices 
worldwide has been hampered by its high monetary cost. 
In the current study, SGD treatment led to decreased ex-
pression of  the WAS-stimulated TRPV1 and SP proteins 
and mRNAs in the hypersensitive colon, and increased 
the pain threshold of  the rats. Thus, SGD appears to be 
an effective alternative to the pharmacologic agent dicetel 
for treating IBS by affecting the transcription and transla-
tion (and presumably secretion) of  TRPV1 and SP in the 
colon.

In conclusion, the TCM SGD is an effective agent 
for reducing WAS-induced expressions of  TRPV1 and 
SP in rat colons, thereby reducing visceral hypersensitiv-
ity and hyperalgesia. However, the chronic WAS testing 
(10 consecutive days) used in this study caused no overt 
damage to the colon’s histological structure (data not 
shown), which may be a limitation in the study’s find-
ings, because human IBS is accompanied by significant 
structural changes (likely associated with the inflamma-
tory component of  IBS). Nonetheless, the present find-
ings indicate an underlying mechanism of  stress-induced 
disruption of  distal colon motility and pain, which may 
represent useful targets for molecular based therapies 
to treat the pain and sensitivity symptoms of  abdominal 
diseases, such as IBS.
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humans. Mid- and high-dose SGD treatments significantly increased the WAS-
reduced pressure thresholds and restored WAS-related changes in TRPV-1 
and SP expression in the colon, suggesting this TCM compound as a feasible 
alternative to the pharmacological agent dicetel.
Innovations and breakthroughs
This study provided novel insights into the molecular mechanisms underlying 
the observations of SGD-mediated improvements in the clinical symptoms of 
IBS. Specifically, SGD was demonstrated to reduce WAS-induced perturbations 
in TRPV1 and SP expressions in the colon that accompany visceral hypersen-
sitivity and hyperalgesia. 
Applications
The finding that SGD may reduce WAS-induced visceral hypersensitivity and 
hyperalgesia through regulation of the colonic expressions of TRPV1 and SP 
confirm this TCM compound as a useful prescription for the treatment of ab-
dominal pain in IBS. 
Terminology
Shugan-decoction is made according to the classic Tongxieyaofang recipe 
and is reported to soothe the liver soothing and strengthen the spleen. Irritable 
bowel syndrome is a functional gastrointestinal disorder that is associated with 
high levels of stress in daily life, and manifests as altered bowel habits and re-
current abdominal pain. The water avoidance stress test is a well-established 
technique for inducing chronic psychological stress with gastric disruption in a 
rat model system. TRPV1 is widely expressed on neurons throughout the gas-
trointestinal tract and modulates visceral sensitivity and hyperalgesia. SP is a 
neurotransmitter that activates TRPV1 and regulates visceral hyperalgesia. 

Peer review
The authors investigated the therapeutic potential and underlying molecular 
mechanisms of the TCM compound SGD, in comparison to the common IBS 
pharmacologic agent dicetel, to relieve stress-induced visceral hypersensitivity 
and hyperalgesia. This is an interesting manuscript, and the general design is 
acceptable.
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