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Abstract

AIM: To assess the protective effect of berberine ad-
ministration and the role of nitric oxide (NO) in visceral
hypersensitivity.

METHODS: Fifty male Sprague-Dawley rats were ran-
domly assigned to five groups. An inflammatory bowel
disease model was induced in rats by intracolonic
instillation of 1 mL 4% acetic acid at 8 cm proximal
to the anus for 30 s and restraint stress. After subsid-
ence of inflammation on day 7 of the experiment, the
rats were subjected to rectal distension, performed
by a balloon (6-Fr, 2 mm external diameter, dispos-
able silicon balloon-urethral catheter for pediatric use)
which was rapidly inflated with increasing volumes of
prewarmed (37 ‘C) water (0.1, 0.2, 0.3, 0.4, 0.6, 0.8
and 1 mL) for 30 s at four-minute intervals, and then
the abdominal withdrawal reflex (AWR) and the level
of fecal output were measured, respectively. AWR
scores either 0, 1, 2, 3 or 4 were obtained by blinded
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observers. Rats had been pretreated with berberine or
aminoguanidine (NO synthetase inhibitor) or berberine
+ aminoguanidine before measurement.

RESULTS: The rats in the placebo group showed a
hypersensitive response to rectal distension (2.69 +
0.08 vs 1.52 + 0.08, P = 0.000) and defecated more
frequently than those in the control group (5.0 = 0.16
vs 0.44 £ 0.16, P = 0.000). Comparing the berberine
with placebo group, the AWR scores were reduced for
all distension volumes and were significant at 0.2-1
mL (1.90 + 0.08 vs 2.69 + 0.08, £ = 0.000), while the
numbers of hard pellets, soft pellets, formless stools,
and total fecal output in the placebo group were sig-
nificantly larger than in the berberine group (5.0 + 0.16
vs 2.56 = 0.16, P = 0.000). Administration of amino-
guanidine or berberine + aminoguanidine before VH
score measurement reversed the antinociceptive effect
of berberine (2.52 + 0.08 vs 1.90 £ 0.08, # = 0.000;
2.50 + 0.08 vs 1.90 + 0.08, Z = 0.000). The numbers
of hard pellets, soft pellets, formless stool, and total
of fecal output in aminoguanidine group were signifi-
cantly larger than the corresponding values in control
group, berberine group, and berberine + aminogua-
nidine group (4.81 £+ 0.16 vs 0.44 = 0.16, Z = 0.000;
4.81 £ 0.16 vs 2.56 £ 0.16, P = 0.000; 4.81 £ 0.16 vs
3.75 £ 0.16, £ = 0.000). The berberine and berberine
+ aminoguanidine groups showed reduced defecation,
but aminoguanidine alone did not reduce defecation
(2.56 = 0.16 vs 4.81 £ 0.16, » = 0.000; 3.75 + 0.16
vs 4.81 £ 0.16, £ = 0.000).

CONCLUSION: Berberine had an antinociceptive ef-
fect on visceral hypersensitivity, and NO might play a
role in this effect.

© 2013 Baishideng. All rights reserved.
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Core tip: Berberine had an antinociceptive effect on
visceral hypersensitivity. This effect was reduced by
nitric oxide (NO) synthetase inhibitor, thus NO might
play a role in the effect of berberine.

Tang QL, Lai ML, Zhong YF, Wang AM, Su JK, Zhang MQ.
Antinociceptive effect of berberine on visceral hypersensitivity
in rats. World J Gastroenterol 2013; 19(28): 4582-4589 Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
128/4582.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i128.4582

INTRODUCTION

It is believed that chronic visceral hypersensitivity (VH),
abnormal gastrointestinal motility and altered central
processing may be major pathophysiological mechanisms
of irritable bowel syndrome (IBS)". Gut hypersensitivity
may lead to alterations in gut motility by disturbing regu-
latory reflex pathways and secretory function. These ab-
normalities typically reflect the symptom pattern of IBS,
which is characterized by abdominal pain or discomfort,
and is associated with alterations in defecation frequency,
stool passage, and stool form"?,

According to the recent Rome I Criteria, IBS can
be diagnosed based on at least 3 mo, with onset at least
6 mo, of recurrent abdominal pain or discomfort associ-
ated with two or more of the followings: (1) improve-
ment with defecation; (2) onset associated with a change
in stool frequency; and (3) onset associated with a change
in stool form (appearance). Additionally, IBS patients are
further subdivided into IBS with diarrhea, IBS with con-
stipation, mixed I1BS with diarrhea and unspecified IBS.

VH is a consistent finding in a large proportion of
patients with IBS and provides a physiological basis for
the development of IBS symptoms™®. However, the
exact mechanism of its action is still unclear. Recently,
it has been documented that increasing the nitric oxide
(NO) level in the extracellular space of the target tissue is
one of the major mechanisms involved and this has been
clarified in recent molecular studies”. There is growing
evidence from previous studies that NO plays an impoz-
tant role in pain transmission and the antinociceptive ac-
tion on VH or peritoneal pain®®*'",

It has been discovered that some drugs can be used
to attenuate VH in IBS patients' . However, many drug
treatments have not been satisfactory, with intractable
adverse effects. Therefore, it is necessary to seek an ef-
fective and low-cost treatment for IBS. Berberine (Coptis
chinensis Franch, var. asperma Don, family Ranuncula-
ceae) is a botanical alkaloid isolated from the root and
batk of Rbizoma coptidis, an ancient Chinese herb that has
been used to treat gastroenteritis for many years, which
is preferred for its inexpensiveness and low incidence
of adverse effects'”. It has been demonstrated that ber-
berine has multiple pharmacological activities including

.. 13 . . 4 . 15,16
ant1~1nﬂammatory[ | antimicrobial™, anticancer!™',
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antidiabetic!' ", antiarrhythrnicm], and antiseptic[w] effects.
According to former studies, berberine has a significant
effect in the treatment of experimental colitis™ . Fur-
ther evidence has shown that, in relation to the NO path-
way, berberine has a significant effect on ethanol-induced
gastric ulcers™ | endothelial progenitor cell mobilization
and function™ hyperglycemia-induced cellular injury and
endothelial dysfunction™, the early phase of hepatocar-
Cinogenesism, and a rat model of Alzheimer’s disease’”.
To establish whether berberine has a beneficial effect in
IBS patients through reversal of VH, we examined the
effects of berberine in a validated rodent model in which
acute inflammation of the colon was associated with VH.
The aim of this study was to evaluate whether berber-
ine treatment prevents progression of VH to colorectal
distension (CRD), and the involvement of NO in these

effects.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats, weighing 270-300 g, were ob-
tained from the Animal Facility of Southeast Hospital,
Zhangzhou, China. The rats were housed individually in
an access-restricted room with controlled conditions (22
1+ 1 °C and 65%-70% humidity) with free access to stan-
dard laboratory food and water. All the experimental pro-
tocols in this study were reviewed and approved by the
Animal Studies Ethics Committee of Southeast Hospital.

Experiment model

The rats were lightly anesthetized with ether after an
overnight fast and colitis was induced by intracolonic in-
stillation of 1 mL 4% acetic acid at 8 cm proximal to the
anus for 30 s. Then, 1 mlL PBS was instilled to dilute the
acetic acid and flush the colon. The control animals wetre
handled identically except that 1 mL saline was instilled
instead of 4% acetic acid. Rats were left to recover from
colitis for 6 d, and were used for the experiments 7 d af-
ter induction of colitis.

Histological examination of inflammation

To examine the extent of colonic inflammation, histo-
logical samples were collected at the selected time points
(2 and 7 d post-enema in two rats of each group). Sec-
tions with a thickness of 5 ym were cut and processed
for hematoxylin and eosin staining. The coded slides were
analyzed by a pathologist blinded with regard to the treat-
ment group and the time points.

Rectal distension procedure

At 7 d post-enema, eight rats in each group were used
for studying progression of VH to CRD. A 6-Fr (2 mm
external diameter) disposable silicon balloon-urethral
catheter for pediatric use was used. The maximal infla-
tion volume for the balloon was 1 mL and the length
of the maximally inflated balloon was 1.2 cm. After an
overnight fast, the animals were lightly anesthetized with
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ether, and the balloon was carefully inserted into the rec-
tum until the premarked line on the catheter (2 cm distal
from the end of the balloon) was positioned at the anus.
The catheter was taped to the base of the tail to prevent
displacement. After this procedure, the rats were placed
in a transparent cubicle (20 cm X 8 cm X 8 cm) on a mir-
ror-based, elevated platform while still sedated, and were
allowed to recover and adjust for a minimum of 30 min
before testing. The catheter was connected to a pressure
transducer zia a three-way connector. The signals from
pressure transducer were processed and recorded on an
IBM-compatible computer.

After the animals were fully awake and adjusted to
the environment, ascending-limit phasic distension (0.1,
0.2, 0.3, 0.4, 0.6, 0.8 and 1.0 mL) was applied for 30 s
evety 4 min to induce CRD. The balloon was distended
with prewarmed (37 'C) water. We chose this protocol
because hypersensitivity was reported to be best elicited
by rapid phasic distension. The abdominal withdrawal
reflex (AWR) was semiquantitatively scored as previously
described. The AWR score was assigned as follows: 0
= no behavioral response to distension; 1 = brief head
movements followed by immobility; 2 = contraction of
abdominal muscle without lifting of the abdomen; 3 =
lifting of the abdomen; and 4 = body arching and lifting
of pelvic structure.

After the experiments, the balloon was withdrawn and
immersed in 37 ‘C water. The compliance of balloon was
not infinite, therefore, we measured intraballoon pressure
at cach distension volume in 37 'C water, and digitally
subtracted the value from that recorded during the CRD
experiment to calculate the intrarectal pressure.

Restraint stress procedure

The rats were housed individually with no restrictions on
food intake before testing. At 7 d post-enema, eight rats
from each group were placed in restraint cages (5 cm X
5 cm X 20 cm), which could limit their body movement,
but not restrict breathing, The rats were in the restraint
cages for 3 h at room temperature. The feces excreted
during restraint stress were divided into three types: hard
pellet, soft pellet, and formless, and counted separately.

Experimental protocol

Ten healthy rats without treatment served as controls.
In the placebo group, IBS was induced as described
above and eight rats were treated once with physiological
saline 1 d after enema. In the berberine group, IBS was
induced as described above and eight rats were treated
once daily with berberine (50 mg/kg) 1 d after enema. In
the aminoguanidine group, eight rats were treated once
daily with aminoguanidine (100 mg/kg) via intrapetito-
neal injection 1 d after enema. In the berberine + amino-
guanidine group, eight rats were treated once daily with
berberine (50 mg/kg) 1 d post-enema, and then were
treated once daily with aminoguanidine (100 mg/kg) via
intraperitoneal injection.
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Statistical analysis

Data were expressed as mean + SD. Significant differ-
ences between the three groups (AWR score) at each dis-
tension volume were statistically analyzed using ANOVA.
The relationship between the intraballoon volume and
intrarectal pressure was determined by linear regression
analysis, and the estimated slope coefficients and inter-
cepts were compared between groups using ANOVA.
The level of fecal output was compared using ANOVA
and further analyzed using Bonferroni’s or Tamhane’s 12
test. Differences with P < 0.05 were considered to be sig-
nificant. Multiple comparisons between the groups were
corrected by SPSS version 13.0 software.

RESULTS

Histology of colonic tissue

Figure 1 shows the histology of the distal colon at days
2 and 7 after acetic acid instillation in the control group,
placebo group, berberine group, aminoguanidine group,
and berberine + aminoguanidine group. Mucosal hem-
orrhage with an inflammatory infiltrate in the lamina
propria and the edematous submucosa were observed in
the IBS model group, berberine group, aminoguanidine
group and berberine + aminoguanidine group 2 d after
acetic acid instillation. At day 7 after induction of colitis,
all signs of inflammation had disappeared. No remark-
able inflammatory features were detected at 7 d after ace-
tic acid instillation in each group.

Detection of VH

The AWR scores were recorded in at least eight rats
in each group after CRD was induced. The changes in
AWR score paralleled the balloon volume in CRD, which
confirmed that the AWR score reflected the intensity of
distension. Comparing the berberine with placebo group,
the AWR scores were reduced for all distension volumes
and were significant at 0.2-1.0 mL (1.90 & 0.08 »s 2.69 *
0.08, P = 0.000). These data indicated that progression
of VH to CRD was attenuated by berberine (Figure 2A).
As shown in Figure 2A, rats in the placebo group showed
a hypersensitive response to the ascending-limit phasic
rectal distension, and berberine effectively reduced VH
(2.69 £ 0.08 »s 1.90 £ 0.08, P = 0.000). However, VH
was not effectively reduced in the aminoguanidine and
berberine + aminoguanidine groups. The pain threshold
(minimal volume to induce AWR 2) was measured in
rats that underwent CRD. As shown in Figure 2, berber-
ine significantly increased the nociceptive threshold in
rats. Administration of aminoguanidine or berberine +
aminoguanidine before VH score measurement reversed
the antinociceptive effect of berberine (2.52 £ 0.08 »s
1.90 = 0.08, P = 0.000; 2.50 £ 0.08 »s 1.90 £ 0.08, P =
0.000). In order to examine whether VH in rats was re-
lated to changes in rectal compliance, we compared the
intraballoon volume-intrarectal pressure relationship in
the five groups. A distension volume of 0.2-1.0 mL and
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Figure 1 Photomicrographs (hematoxylin and eosin stain, x 100) of distal colon at 2 and 7 d, respectively. A, B: Control group; C, D: Placebo group; E, F:
Berberine group; G, H: Aminoguanidine group; |, J: Berberine + aminoguanidine group. At 2 d, histological inflammatory features including mucosal hemorrhage,
submucosal edema, and inflammatory infiltration in the lamina propria and the submucosa were observed in the placebo, berberine, aminoguanidine, and berberine +
aminoguanidine groups (A, C, E, G, I). At 7 d, there was no marked inflammatory feature compared with the control group (B, D, F, H, J).

(49

,7;,.;:;::..9@ WIJG | www.wjgnet.com July 28,2013 | Volume 19 | Issue 28 |




Tang QL et a/. Antinociceptive effect of berberine on visceral hypersensitivity

A>T —4— Berberine + aminoguanidine group B 80 - —4— Berberine + aminoguanidine group
—W¥— Aminoguanidine group —¥— Aminoguanidine group
4  —&— Berberine group > —&— Berberine group
—M- Placebo group E 60 - —M Placebo group
° —@— Control group £ —@— Control group
53 g
Q
@ A
g o 40
(=9
<2 =
B
S 20+
1 £ 0
0 | | | | | 0 | | | | J
0.1 0.2 0.3 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Distension volume (mL) Intraballoon volume (mL)
C 15+

[l Berberine + aminoguanidine group
B Aminoguanidine group

[[] Berberine group

10 F j. [ placebo group

a,c ] control group

Number

a,c

a,c
a,c ac ac

acll 1
a,c a,c ac ac
o L H il | I ]

Hard pellets  Soft pellets Formless stool fece Total feces

Figure 2 Summarized plots. A: Colorectal distension-induced abdominal withdrawal reflex (AWR) in each group. Comparing the berberine and placebo groups,
the AWR scores were reduced at all distension volumes and were significant at 0.2-1.0 mL. The AWR score in the berberine group was significantly lower than in the
aminoguanidine and berberine + aminoguanidine groups; B: The relationship between intraballoon volume and intrarectal pressure in each group. The distension
volume from 0.2 to 1.0 mL and the corresponding intrarectal pressure were plotted for regression analysis. Intrarectal pressure was linearly increased as the balloon
was inflated. The fitted functions of the five groups were not significantly different; C: Restraint-stress-induced defecation in each group. Defecation in the placebo and
aminoguanidine groups was significantly more frequent than in the control, berberine and berberine + aminoguanidine groups (°P < 0.05 vs placebo group; °P < 0.05
vs aminoguanidine group). The berberine and berberine + aminoguanidine groups showed reduced defecation, but aminoguanidine group alone did not effectively
reduce defecation.

the corresponding intrarectal pressure were plotted for tion, but aminoguanidine alone did not reduce defecation
regression analysis. Intrarectal pressure increased linearly (2.56 £ 0.16 »54.81 £ 0.16, P = 0.000; 3.75 £ 0.16 »s 4.81
as the balloon was inflated (» = 0.9758, P < 0.001, in + 0.16, P = 0.000).

the control group; » = 0.9842, P < 0.001, in the placebo
group; r = 0.9822, P < 0.001, in the berberine group;
= 0.9773, P < 0.001 in the aminoguanidine group; and r DISCUSSION

= 0.9827, P < 0.001 in the berberine + aminoguanidine This study was performed in order to clarify the effects

group). The fitted functions of the five groups were not of berberine administration on VH in a rat model of IBS.
significantly different (Figure 2B). Berberine effectively attenuated the heightened visceral

nociceptive response, that is, an increase in AWR score to
Restraint-stress-induced defecation CRD, in rats recovering from experimental colitis. In the
As demonstrated in Figure 2C, the numbers of hard pel- placebo group, 7 d after instillation of acetic acid when
lets, soft pellets, formless stools, and total fecal output in there was no sign of inflammation in the colon, these rats

the placebo were significantly larger than in the berberine  still had VH and a high frequency of defecation in re-
groups (5.0 * 0.16 »s 2.56 * 0.16, P = 0.000). As shown sponse to restraint stress. Stool form in the placebo group

in Figure 2C, the number of hard pellets, soft pellets, was softer and more shapeless than in the control group.
formless stool,and total of fecal output in aminoguani- ~ These findings are in accordance with the clinical symp-
dine group were significantly larger than the correspond- toms in IBS patients, but there is a great dilemma in using
ing values in control group, berberine group, and berber- this model to investigate the effect of drugs on IBS.

ine + aminoguanidine group (4.81 * 0.16 »s 0.44 £ 0.16, To avoid the ambiguity that any sign of improvement

P =0.000; 4.81 £ 0.16 »s 2.56 £ 0.16, P = 0.000; 4.81 + can be interpreted as a drug effect on colitis, histopatho-
0.16 »s 3.75 £ 0.16, P = 0.000). The betrberine and ber- logical parameters of inflammation in each group, 2 and
berine + aminoguanidine groups showed reduced defeca- 7 d after acetic acid instillation, were evaluated and there
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was no difference. Therefore, we concluded that berbet-
ine administration, at least at the dose used in out study,
had neither a positive nor negative effect on the histo-
pathological parameters of inflammation in the colon,
and did not impair establishment of the postinflamma-
tory model. Considering all these factors, we elucidated
the effects of berberine administration at a dose that
showed a beneficial effect on the inflammatory response.
This indicated that berberine significantly reduced VH
and stool frequency and increased stool consistency. We
investigated the role of NO in the protective effects of
berberine using an experimental model with the NO
synthetase (NOS) inhibitor aminoguanidine. We dem-
onstrated that aminoguanidine significantly reduced the
effect of berberine on VH, which suggests this effect of
berberine is at least partly mediated through NOS.

Berberine has been used in the treatment of gastro-
enteritis and infectious diarrhea in Chinese traditional
medicine for thousands of years. Some recent studies
have indicated that it has various pharmacological effects,
including anti—inﬂammatory[zm and antimicrobial™ ef-
fects; each of which may contribute to the antidiarrheal
effect. The fact that berberine has low bioavailability and
shows poor absorption through the colon wall (< 5%)
support the thesis that it may exert its antidiarrheal effect
on the intestinal epithelial cells before absorption. How-
ever, until now the effect of berberine on HV has not
been confirmed.

NO is a key neurotransmitter in both short- and long-
acting inhibitory motor neurons'” and plays a critical part
in mediating gastrointestinal motility. Some studies have
revealed that NOS neuronal activity considerably changes
after inflammation and is responsible for some acute
postinflammatory consequences in bowel-like ileus™ ",
Apart from its major role in the peripheral nervous sys-
tem, such as in the enteric inhibitory nerves of the my-
enteric plexus, NO is believed to be an intracellular mes-
senger or neurotransmitter in the central nervous system
(CNS). It has been verified that due to its free diffusibility,
NO acts as a retrograde transmitter in the CNS, mediat-
ing some nervous paradigms, for instance, long-term
potentiation, and is the key neurotransmitter in descend-
ing inhibitory neurons modulating nociception at the
spinal level™. Furthermore, it proves that NO is involved
in the modulation of visceral perception, for example,
intraperitoneal injection of acetic acid in rats increases ni-
trergic neurons in specific regions of the brain, and NOS
immunoreactivity has been confirmed in lumbosacral af-
ferents and preganglionic neurons innervating the pelvic
viscera®. Therefore, some hypotheses can be performed
based on our results, which interpret the protective effects
of berberine through NO on VH in IBS at the myenteric
plexus level, CNS, and smooth muscles. Our results could
be interpreted at the myenteric plexus level.

Our findings were similar to a recent study that iden-
tified no significant difference in NO-containing neurons
of the colonic myenteric plexus between IBS rats and
controls”. Thus, we hypothesize that basal NO synthesis
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is not significantly decreased in IBS, and it might be that
the positive effects of berberine decrease VH through
increasing NO levels. Therefore, we speculate that the
positive effects of berberine on VH in the postinflam-
matory rat model are at least partly exerted through NO
synthesis potentiation.

We also examined the effect of aminoguanidine
(NOS inhibitor) on stool form (hard pellets, soft pellets,
and shapeless) in IBS rats under restraint stress. Amino-
guanidine had no noticeable effect on stool form, but it
did diminish the protective effects of berberine on stool
form. NO plays a major role in mediating gastrointestinal
motility, which is critical for stool formation. As a result
of the short time between acute drug administration and
defecation measurement, aminoguanidine did not pro-
duce any change in the stool consistency pattern of rats.
The effects of aminoguanidine on stool frequency were
more sophisticated and hard to explain. The protective
effects of berberine on stool frequency were diminished
by aminoguanidine, but the specific mechanism was not
established. Further study will be needed to explore the
specific mechanism. However, it should be noted that
this study investigated only the antinociceptive effect of
berbetine on VH. One of the limitations of this study is
the lack of measurement of NOS inhibitors.

In conclusion, we indicated that berberine administra-
tion prevented progression of VH to CRD. It is possible
that NO released by berberine may affect colonic hyper-
sensitivity. All of our data suggest that berberine may be
of interest in the treatment of visceral hyperalgesia, par-
ticularly in IBS.

COMMENTS

Background

It is believed that chronic visceral hypersensitivity (VH), abnormal gastrointes-
tinal motility, and altered central processing may be major pathophysiological
mechanisms of irritable bowel syndrome (IBS). Berberine is an ancient Chinese
herb that has been used to treat gastroenteritis for many years, which is pre-
ferred for its low cost and low incidence of adverse effects. Recently, berberine
has been shown to have a considerable effect in the treatment of experimental
colitis. However, the mechanism remains unknown.

Research frontiers

Berberine was used to treat rats with VH induced by 4% acetic acid. Berberine
administration significantly increased the nociceptive threshold in rats, whereas
the administration of aminoguanidine or berberine + aminoguanidine before VH
measurement reversed the antinociceptive effect of berberine. The mechanism
underlying the effect of berberine on VH of rats appears to be partly mediated
by nitric oxide (NO).

Innovations and breakthroughs

Recently, it has been demonstrated that berberine has multiple pharmacological
activities. In this study, authors indicated that berberine may be of interest in the
treatment of VH, particularly in IBS.

Applications

The present study demonstrated that berberine administration prevented pro-
gression of VH to colorectal distension in a rat model of IBS. The effect of ber-
berine is mediated by NO pathways, thus providing evidence for the treatment
of VHin IBS.

Terminology

IBS is a common gastrointestinal disorder characterized by chronic visceral
pain and bloating in association with altered gut movements. Berberine is an
ancient Chinese herb that might play a role in the treatment of IBS.
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Peer review

This paper describes positive effects of berberine on VH in rats with IBS. It is
reported that berberine administration significantly increased the nociceptive
threshold in rats, whereas administration of aminoguanidine or berberine +
aminoguanidine before VH measurement reversed the antinociceptive effect of
berberine. The results presented are crucial for clinicians and for the fundamen-
tal scientific community as well.
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