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Abstract
AIM: To establish a novel mouse constipation model.

METHODS: Animals were randomly divided into three
groups, and intragastrically administered 0-4 C saline
(ice-cold group) or 15-20 °C saline (saline control group)
daily for 14 d, or were left untreated (blank control
group). Stools were collected 3-24 h after treatment
to record the wet and dry weights and the stool form.
Intestinal propulsion experiments were carried out and
defecation time was measured for six days continuously
after suspending treatments. The expressions of
PGP9.5 were detected by immunohistochemistry.

RESULTS: Based on the percentage of stool weight
changes compared with baseline (before irritation) in
9-14 d, stool weight changes were classified into three
levels. Each level shows a different body state, which
is state I (no change: plus or minus 5%), state 1I
(slightly decreased: 5%-15%) and state III (decreased:
15%-25%). In state I, between day 9-14, the stool
weights decreased by 15%-25% compared with the
baseline, and changed at a rate > 10% compared
with blank control values, and the stools became small
and dry. Additionally, intestinal functions degenerated
in these animals, and PGP9.5-positive expression
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markedly decreased in jejunum, ileum and proximal
colon myenteric plexus.

CONCLUSION: Irritation with ice-cold saline is a
stable, repeatable method in building constipation
model in mice for exploring the pathogenesis and
treatment options of constipation, and the change of
stool weight and size may serve as a useful tool to
judge a constipation model success or not.

Key words: Cold water; Mouse model; Constipation;
ENS

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Establishing stable animal models is very
important for studying disease pathogenesis to develop
strategies for prevention and treatment. Evidence
from previous researches has shown recurrent and
chronic cold water irritation to stomach can inhibit
gastrointestinal motility. In this study, we concluded
that irritation with ice-cold saline to mice is a stable,
repeatable method in building mice constipation model.
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INTRODUCTION

Constipation, which accompanies various diseases,
is a symptom of underlying defects in either transit
of faecal mass through the gut or defecation, a
commonly diagnosed functional gastrointestinal
disorder. It usually associates with gastrointestinal
motility disorders, which is characterized by a series
of complex gastrointestinal symptoms in absence of
mechanical obstruction of the gastrointestinal tract.
It is generally accepted that impaired gastrointestinal
motility and visceral paresthesia form the major
pathological and physiological basis for gastrointestinal
dysfunction™™, Given the paucity of available clinical
data, animal models are required to study the
pathogeny of constipation and develop strategies
for prevention and treatment, and there is a need to
develop optimized models as well™,

In the past few years, many approaches have
been used to produce constipation in experimental
animals in vivo. However, most of the work has
been carried out in rats. Compared with rats, mice
have a lower tolerance and cannot be administered
long-term irritative drugs. Research in mice offers
multiple advantages, including economic efficiency
and availability of a higher number of purebred or
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genetically manipulated (transgenic and knockout)
strains. Moreover, the murine anatomical features
and embryonic development are similar to those of
humans, and the genomes also show a high degree
of homology™. Mouse models offer greater versatility
for the study of human gene functions and disease
pathogenesis than rat models. Hence, in this study, we
aimed to produce a stable constipation model in mice,
study the pathogenesis of constipation and explore
better treatment options.

MATERIALS AND METHODS

Animals

C57BL/6] mice (SPF-grade, 3-wk-old male, 20-25 g)
were purchased from Model Animal Research Center
of Nanjing University (Nanjing, China, license humber:
SCXK 2013-0005). Food and water were available
ad libitum, and the animals were housed under
controlled environmental conditions. All experimental
manipulations were undertaken in accordance with the
Principles of Laboratory Animal Care and the Guide for
the Care and Use of Laboratory Animals, published by
the National Science Council, China.

Groups and treatments

The mice were randomly divided into three groups: a
0-4 'C saline-treated group (ice-cold group, n = 30),
a normal feeding group (blank control, n = 10), and a
15-20 C saline-treated group (saline control, n = 10),
randomly numbered, and raised in single cages that
allowed normal access to food and water. Wire netting
was used to facilitate the separation and collection
of stools. To eliminate the influence of the biological
rhythms, intragastric administrations were conducted
at 8:00 am once daily for 14 d. Mice in ice-cold and
saline control groups were initially administered either
ice-cold or room-temperature saline, respectively,
at a dose of 0.2 mL/mouse, and then the dose
increased by 0.05 mL/mouse every 5 d. Blank control
group mice were raised normally without intragastric
administration. Animals were normally raised and
monitored for an additional 6 d after the cessation of
the intragastric administrations.

Stool collection and examination

During the 3-24 h period after intragastric admi-
nistration, stool was collected with ceramic cups.
After collection, the changes in stool form (pellet size)
were observed and recorded before weighing. Then,
each ceramic cup was weighed to determine wet
weight using an electronic balance. After drying in a
microwave oven (medium heat) for 6 min, the cup was
weighed again to determine the dry weight.

Measurement of intestinal function
After the completion of treatment, the differences
between the three groups were evaluated at 15 d and
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20 d. Mice in each group were randomly assigned
to a 15-d subgroup and a 20-d subgroup. The 15
d subgroup was used in the intestinal propulsion
experiments at 15 d while the 20 d subgroup was
raised normally and used in the same experiments at
20 d. After 12 h of fasting, mice were intragastrically
administrated a suspension of black carbon (0.3 mL)
and killed 10 min later via cervical dislocation. Then,
the section extending from the pylorus to the ileocecal
valve was removed. The full length of the intestinal
tract as well as the propulsive distance of black carbon
in the tract was measured under a tension-free state,
and the ratio of the propulsive distance to the length
of the intestinal tract was measured for all groups.
Additionally, in the next experiment at the 15 d and
20 d time points, we also determined the defecation
time after similarly dividing the mice into the 15 d and
20 d subgroups. After 12 h of fasting, the red carbon
suspension (0.3 mL) was administered, and the time
required to defecate the first stool pellet containing
the red indicator was recorded. Animals administered
prokinetic agents were pretreated with domperidone
suspensions (0.3 mL) for 4 h.

Tissue preparation

When 14 d intervention finished, the small intestine
(jejunum and ileum) and proximal colon tissue
specimens (approximately 1cm in length) were
removed after 12 h of fasting. Each segment was
opened along the mesenteric border and washed twice
in saline. When mesenteric tissues and the contents
of gut were removed, segments were immediately
fixed by immersion in 4% Para formaldehyde for 24 h.
Then, they were processed for paraffin embedding in
vacuum and cut at a thickness of 10 pym.

Immunohistochemistry

Sections were deparaffinized in xylene and hydrated
in a graded solution of ethanol. Activity of endogenous
peroxidase was blocked with 3% hydrogen peroxide.
After three rinses in 0.01 mol/L phosphate-buffered
saline (PBS; pH 7.2), non-specific binding was blocked
with 5% bovine serum albumin (BSA) for 30 min at
37 ‘C. The primary antibodies for PGP9.5 (1:1000)
were applied to the sections and each specimen
was incubated in a moist chamber overnight at 4 °C.
The slides were washed for three times in PBS, and
incubated with horseradishperoxidase (HRP)-Polymer
anti-Mouse/Rabbit IgG for 90 min at 37 'C. After
washing in PBS for three times, the localization of
target protein was visualized by incubating the sections
for 5-10 min in freshly prepared 3,3-diaminobenzidine
(DAB) solution. The slides were washed again,
counterstained in hematoxylin, and dehydrated.
Specificity of the antibody was confirmed by negative
control in the absence of primary antibody treatment.
Two observers evaluated the slides using an Olympus
FV500 optical microscope (Olympus, Tokyo, Japan).
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Positive immunostaining was evaluated at 5 random
visual fields at a magnification of 400. The mean
density of positive expression was assessed using
image analysis software.

Materials and drugs

Materials used in this study included saline (sodium
chloride injection; Nanjing Chemical Reagent Co,
Jiangsu, China), domperidone tablets (Xi‘an Janssen
Pharmaceutical Ltd, Xi‘an, China), wire netting (to
facilitate the separation and collection of stools), a
precision electronic balance (Sartorius Co ,Beijing,
China), acacia gum (gum arabic powder; BASF
Chemical Co, Tianjin, China), black and red carbon
powder (color toner; Sanheng Information Technology
Co, Guangzhou, China), and ceramic cups (high
temperature-resistant, radius: 2 cm, height: 3.5 cm).
Primary antibodies for immunohistochemistry: PGP9.5
(Abcam, Cambridge, United Kingdom), Secondary
antibodies:HRP-Polymer anti-Mouse/Rabbit (Boster
Biotech, Wuhan, China)

Red (black) carbon suspensions were prepared as
follows: acacia gum (100 g) was added to 800 mL of
water and boiled until transparent. Then the above
solution was mixed with red (black) carbon powder (50
g) and boiled three times. After cooling down, each
solution was diluted with water to 1000 mL and stored
at 4 'C. The solutions were agitated prior to use.

Statistical analysis

Data were expressed as mean £ SD. Statistical
analysis was conducted using SPSS 17.0 software with
one-factor analysis of variance. Data were compared
using the Student Newman Keuls (SNK)-Q test.
Differences where P < 0.05 were considered to be
statistically significant.

RESULTS

Stool changes following intragastric administration of
ice-cold saline

Initially, during the experiments, modestly abnormal
defecation occurred as the mice responded to the
environmental changes in single cages, but the
conditions stabilized after about one week (7-8 d)
of adaption. Accordingly, the stool weights at d 0
(before irritation) was used as the baseline to examine
changes in stool weight in the d 9-14 period. Based on
the percentage of stool weight (wet and dry) changes
and stool forms changes compared with baseline in d
9-14, three levels were used: state I (no change: plus
or minus 5%, n = 10), state I (slightly decreased:
5%-15%, n = 9) and state Il (decreased: 15%-25%,
n = 11) compared with baseline (Table 1).

During consecutive batch experiments, we could
observe three different body states (1, II, and 1)
in the ice-cold group mice, while no such changes
were observed in the mice in groups C. In state I,
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Figure 1 Changes in the wet weight and dry weight of stools in all groups. A, B: State IIl mice in ice-cold group compared with blank control group animals; C, D:
State I mice in ice-cold group compared with saline control group; E, F: Stool weight changes in blank control compared with saline control group animals. °P < 0.01

vs blank control group; °P < 0.01 vs saline control group (n = 4 for each group).

Table 1 Performance of different groups after treatment

Groups Treatments Performance (after treatment)
Ice-cold group 0-4 °C saline State I, state II and state III
Saline control 15-20 C saline No types of states
Blank control Normal feeding No types of states

the wet weights and dry weights recorded between
d 9-14 changed by -5% to 5% compared with the
baseline, and changed at a rate < 5% compared with
the corresponding blank control group values, no
symptoms of constipation were observed. In state II,
the stool wet and dry weights at d 9-14 decreased by
5%-15% compared with the baseline, and changed
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at a rate (absolute value) < 5% compared with the
corresponding blank control group values. Overall, the
slight decrease in stool weight in this state compared
with blank control group indicated a tendency to
constipation. In state III, the stool wet and dry weights
at d 9-14 decreased by 15%-25% compared with the
baseline, and changed at a rate (absolute value) >
10% compared with the corresponding blank control
group values. In this state, the differences in stool
weights between ice-cold group and blank control
group mice were statistically significant.

Stool changes in all groups
After irritation with ice-cold saline, we could observe
three different states (I, II, and III), and the cons-
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Figure 2 Changes in stool forms. A: Bristol Stool Form Scale; B: Stools’ water content increases and stick together similar to Bristol scale type 5 or 6 of State | mice; C:
Some stools adhere to the wire netting just like type 6 or 7, indicative of mild diarrhea; D: Comparison of total length estimated for 25 stool pellets (LS25).

tipation symptoms were seen in state IlI. Compared
with blank control group (Figure 1A and B) and saline
control group values (Figure 1C and D), the stool
weights in state III ice-cold group mice decreased
during the experiments , and normalcy was achieved 6
d after the termination of irritation. In comparison, after
a similar treatment with room temperature saline (saline
control group), such changes were not observed, and
the stool weights of the saline control group mice did
not significantly differ from the corresponding blank
control group values (Figure 1E and F).

Changes in stool forms in all groups

Consistency of the stool is usually described using the
Bristol Stool Chart (Figure 2A), where type 1 and 2
indicate constipation, 3 and 4 are normal stools and
5 to 7 are associated with diarrhea and urgency. We
utilized 100-150:1 ratio to evaluate human and mouse
stools form based on Bristol Stool Chart (according to
human and mouse fecal weight ratio). In comparison,
as proportions based on the Bristol Scale, under
normal conditions, the mouse stools could mainly be
classified as (or similar to) type 3 and 4, and rarely
as type 1. The stool forms observed in three states
changed in a slightly different manner: In state I,
stools partially stick together like type 5 or 6 (Figure
2B). In the early intervention, some even adhere to
the wire netting similar to type 7 (Figure 2C). In state
[T, a small amount of the stools could be classified as
type 1. However, no significant difference was found
compared to blank control group. In state IlI, most
stools became small pellets. We estimated the length
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of a specific number of stool pellets (n = 25) and
termed the value “LS2s". The LSz2s value for the state III
was lower than the corresponding blank control group
or saline control group (Figure 2D). The majority of the
state I mice defecated small pellets stools, indicating
type 1 or 2, and the proportion of type 3 or 4 stools
(Figure 3A and B, first row in each group) decreases
after persistent irritation with ice-cold saline. During
the recovery stage (15-20 d), the proportion of type 3
or 4 stools in ice-cold group (the first row) increases
slowly, but most of the stools were still small pellets,
unlike that in the other groups (Figure 3C and D).

Effects on small intestine functions during experiments
Carbon intestinal propulsion experiments showed that
the distances by which black carbon was propelled,
significantly decreased in state Il mice compared to
blank control group at both d 15 (47.03% £ 6.18%
vs 61.94% * 4.80%, P = 0.0211, Figure 4A and B)
and d 20 (56.11% =+ 4.23% vs 63.73% % 4.68%, P =
0.0379, Figure 4C and D) and there was an increase in
the carbon propulsion rates in saline control group at d
15 compared to blank control group (71.18% % 4.81%
vs 61.94% =+ 6.20%, P = 0.0169). In the subsequent
experiments, state I mice using domperidone
suspensions pretreatment, the carbon propulsion
rates were increased compared to those state Il mice
without using domperidone at both d 15 (65.22%
+ 5.43% vs 44.52% =+ 8.11%, P = 0.0051, Figure
4E and F) and d 20 (63.14% % 6.73% vs 52.12%
+ 4.05%, P = 0.0196, Figure 4E and F), and did not
significantly differ from blank control group values.
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Figure 3 Image of stools from different groups. In the first row in each group, stools were similar to type 3 or 4. From the second row, stools sequentially arranged

in the same number (n = 25) in arow. A: at 7 d; B: at 14 d; C: atd 16; D: at 20 d.

Change in defecation time

The results showed that, the defecation time was
significantly prolonged in state I mice compared
to blank control group at d 15 (212.21 + 40.86 vs
90.33 £ 14.80, P < 0.01, Figure 5A) and d 20 (156.11
+ 26.96 vs 100.67 + 27.47, P < 0.01, Figure 5B).
Defecation at d 15 in saline control group was also
delayed compared to that in blank control group
(167.11 + 24.49 vs 90.33 = 14.80, P < 0.01, Figure
5A). Moreover, after state I mice were pretreated
with domperidone suspensions, defecation time was
significantly descended compared to state Il at the
d 15 (90.83 £ 12.53 vs 200.11 + 24.16, P < 0.01,
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Figure 5C) and d 20 (98.53 + 14.13 vs 165.21 +
27.53, P < 0.01, Figure 5D) , and no difference was
observed from blank control group.

Effects on total neurons-PGP9.5 protein expression

The PGP9.5-positive neuron cells were easily found
in the jejunum (Figure 6A), ileum (Figure 6D) and
proximal colon (Figure 6G) myenteric plexus in blank
control group. Statistical analysis showed, after
intragastric administration of ice-cold saline treatment,
that the mean density of PGP9.5-positive expression
markedly decreased in jejunum (0.6185 £+ 0.07 vs
0.4343 = 0.09, P = 0.0092, Figure 6B and C), ileum
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Figure 4 Measurement of carbon propulsion rate. A, B: All groups were used in the intestinal propulsion experiment and the distances by which black carbon was
propelled, significantly decreased in state Il mice compared to blank and saline control group at 15 d; C, D: measurement in all groups and the distance comparison
at 20 d; E, F: In state Il mice using domperidone suspensions for pretreatment, the carbon propulsion rates increased compared to those in state I mice at 15 d; G, H:
measurement at 20 d (n = 4 for each group), °P < 0.05 vs blank control group; °P < 0.05 vs state 1l treated with domperidone.
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Figure 5 Measurement of time required for defecation of the first indicator-containing stool pellet. A: All groups were measured at 15 d; B: All groups were
measured at 20 d; C: State Il compared to those treated with domperidone and blank control group at d15; D at 20 d (n = 5 for each group), °P < 0.01 vs blank control

group; P <0.01 vs state Ill treated with domperidone.

(0.9095  0.07 vs 0.7685 * 0.08, P = 0.0166, Figure
6E and F) and proximal colon (0.4925 + 0.07 vs 0.3381
+ 0.04, P = 0.0019, Figure 6H and I) myenteric plexus
compared with blank control group.

DISCUSSION

The present study showed that irritation with ice-cold
(0-4 C) saline to mice could induce gastrointestinal
dysfunction. During consecutive experiments, mice
displayed three different body states (I, II and
Il) in ice-cold group. For state I, there was no
significant change in digestive function. State II mice
had slightly decline in intestinal function, showing a
trend of constipation, but we do not think they are a
stable constipation model, it could be a kind of sub-
healthy state between normal and constipation. In
state I, the weight of stools decreased, the intestinal
digestion and transmission functions degenerated,
and continued for some time after the termination of
irritation. Besides, the stools became dry and small.
Under normal conditions, the mouse stools could
mainly be classified as (or similar to) type 3 and 4.
State III mice defecated small pellets stools, indicating
type 1 or 2, and the proportion of type 3 or 4 stools
was decreased. Additionally, the LS2s values for the
state Il were significantly lower than the values in
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the blank control group and saline control group.
Thus, persistent irritation with ice-cold saline induces
digestive tract dysfunction and slows the digestive
transmission, which also leads to the formation of
smaller-sized stools.

In a morphological study, immunohistochemistry
results showed that irritation with ice-cold saline
caused changes of enteric nervous system (ENS) in
jejunum, ileum and proximal colonic myenteric plexus.
The ENS is one component of the neural control
system of the digestive tract, which works in concert
with the central nervous system™. It is found in two
layers: myenteric plexus and submucosal plexus. The
myenteric plexus is a layer of neurons that runs the
length of the gut, from esophagus to anus, between
the circular smooth muscle layer and the longitudinal
smooth muscle layer. This layer of neurones controls
movement along the gut. PGP9.5 is a neuron-specific
protein, can accurately locate enteric neurons, the
study of its morphology and protein levels has an
important role to indicate ENS function””. Hence, we
used PGP9.5 as an indicator to detect the intestinal
tissue expression of ENS. Results showed that PGP9.5
expression in jejunum, ileum and proximal colonic
myenteric plexus significantly decreased staining in
state Il mice compared to blank control group. This
suggests that the local regulation of ENS may have
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Figure 6 Effects on total neurons-PGP9.5 protein expression in immunohistochemical staining. Tissue with brown granular deposits were positive reaction (as
arrows indicated; -: 50 um, magnification x 400). A, B: In jejunum; D, E: In ileum; G, H: In proximal colon; C, F, I: Comparison of the mean density of PGP9.5-positive

expression between two groups. °P < 0.05 (n = 5 for each group).

changed by irritation with ice-cold saline, which is close
to symptoms of constipation.

Furthermore, in saline control group, after admi-
nistration of saline at room temperature (15-20 'C), the
gastrointestinal function also appeared mildly affected,
but this treatment appeared to produce different effects
at different sites. The specific manifestations inclu-
ded the sthenia of small intestinal digestive function
and decrease in the duration of the large intestine
transmission process. However, the changes did not
last too long. These findings indicate that an effective
constipation model cannot be established by the
intragastric administration of room-temperature saline,
and persistent irritation with ice-cold saline can lead to
intestinal dysfunction and finally to constipation.

Previous researches have shown chronic and
recurrent cold water irritation to stomach might
cause long-term effects on bowel movements, which
resulted in the abnormal gastrointestinal motility, such
as inhibited jejunal and colonic motility®®), In rats,
by gastric instillation 0-4 ‘C water daily for 14 d, it is
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found that the weight and water content of the feces
were significantly less than the control groups, which
was concordant with the symptoms of constipation.
Cold water intake can increase nitric oxide (NO) which
is a type of gut inhibitory neurotransmitter in the ENS
in the myenteric plexus, and up-regulate expression of
the 5-HT7 receptor which mediates intestinal smooth
muscle relaxation, which might reduce the intestinal
motility, besides, visceral sensitivity is lowered in
constipation rats!'®'!, In this study, irritation with ice-
cold saline to mice induced similar changes. However,
different from the rats, mice showed three body states.
In our view, differences in individual tolerance changed
the gastrointestinal motility and visceral sensitivity in
different degrees, which was the main cause of three
states. It was reported that*?, the difference in the
initial threshold of visceral perception and defecation
may cause different performance after cold water
intake. Thus, in our opinion, irritation with ice-cold
saline induced three states in mice, such changes could
be more likely to reflect the performance of the human
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gastrointestinal tract after stimulation. Recurrent cold
water intake is a risk factor for constipation, not the
decisive factor. This may be the main reason why
only the animals in state I showed symptoms of
constipation.

Currently, there are many methods (drug-based
and non-drug-based) to reproduce constipation in
experimental animals in vivo. However, the existing
methods of constipation modeling mostly apply to
rats. The available drug-based methods involve both
direct and indirect effects. For example, loperamide
or clonidine, can inhibit the contraction of intestinal
smooth muscles, slow down peristalsis, and prolong
the intestinal transmission process****!, commonly
in studies aiming to identify the different effects of
potent laxatives!'®®), Constipation is also a major
gastrointestinal side effect following morphine admi-
nistration*®’. Morphine can delay gastric emptying,
inhibit intestinal nerve excitability, and reduce the
fluidity of the intestinal contents, leading to difficulties
in defecation®??!, Diphenoxylate, an anti-motility
drug, also acts on the intestinal tract to affect intestinal
smooth muscle contraction, thus reducing defecation'**.
Long-term intragastric administration of rhubarb (a
Chinese traditional drug) results in a reduced number of
colon smooth muscles and shrinkage of smooth muscle
cells, and thereby, in reduced defecation and intestinal
transmission function®. While there are some non-
drug-based methods, these have the disadvantage
of being too time-consuming. Such as low fiber diet
induce constipation required at least 5 wk™®, A short-
term withholding of water without restricting food
intake also reduces the intestinal water content and
induces dryness of stools and difficult defecation™®.
While this method appears practical, adverse reactions
occur frequently after water withholding. Additionally,
this practice also violates ethical guidelines and is not
suitable for long-term use.

In general, treatments or strategies for prevention
are developed, which can test in the respective animal
models, if shown to be safe and valid, are tested in
human to evaluate the ability to affect human body
state. Some evidence suggest that human biological
markers, such as intestinal transit including whole
gastrointestinal tract or regional colonic transit, and
visceral sensitivity changes which are thought to
underlie specific symptoms, serve as a basis for the
development of those animal models*?”), In this
study, many methods were established for evaluation
of intestinal function in vivo. The results showed an
ability to mime human symptom-based state, which in
turn serve as a symbol to estimate a successful model
or not.

Notablely, the change of stool weight and size
is an important index to distinguish the different
state. Because stool weight is 0.5-0.9 g and rate of
water content in calculation is not stable, we do not
recommend using water content as an evaluation
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index. We found that ice-cold group start to show
different state at 9-10 d. Therefore, we suggest, in
9-14d, according to changes of the stool size combined
with weights can filter out the mice in state III, i.e.,
small-sized stool greatly increased, proportion of
pellets longer than 3 mm decreased, and the stool
weights decreased by 15%-25% compared with the
baseline, and change at a rate (absolute value) > 10%
compared with blank control group value.

Mice, which show a lower drug tolerance, cannot
be treated long-term with irritative drugs. However,
the increased availability of mouse gastrointestinal
gene knockout and transgenic models offer a greater
scope to probe into the pathogenesis and treatment
of constipation. Hence, we explored the establishment
of a mouse constipation model and preliminarily
built a simple repeatable mouse constipation model.
In this drug-free model, we used irritation with ice-
cold saline to induce constipation. It is notable that
we found that 3-4 wk old mice are most appropriate,
thus intervention should be accomplished before
adulthood, which means this model does not apply to
the correlation study of senile constipation. This model
only required a short intervention cycle (14 d) and
normalcy was achieved 6 d after the termination of
irritation, which is convenient and practical, and avoids
side effects due to too strong drug irritation, and thus
presents an attractive model to study the pathogeny
and pathogenesis underlying constipation, and explore
treatment options.
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