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ABSTRACT Ardipusilloside-l is a natural triterpenoid saponin, which was isolated
from Ardisia pusilla A. DC. The aim of the study was to evaluate the stimulation of
ardipusilloside-I on gastrointestinal motility in vitro and in vivo. The experiment
of smooth muscle contraction directly monitored the contractions of the isolated
jejunal segment (1JS) in different contractile states, and the effects of ardipusilloside-I
on myosin were measured in the presence of Ca**-calmodulin using the activities
of 20 kDa myosin light chain (MLC,,) phosphorylation and myosin Mg>**-ATPase.
The effects of ardipusilloside-l on gastro emptying and intestinal transit in
constipation-predominant rats were observed, and the MLCK expression in jejuna
of constipated rats was determined by western blot. The results showed that,
ardipusilloside-l increased the contractility of 1JS in a dose-dependent manner and
reversed the low contractile state (LCS) of 1JS induced by low Ca**, adrenaline, and
atropine respectively. There were synergistic effects on contractivity of 1JS between
ardipusilloside-I and ACh, high Ca*", and histamine, respectively. Ardipusilloside-I
could stimulate the phosphorylation of MLC,, and Mg**-ATPase activities of Ca**-
dependent phosphorylated myosin. Ardipusilloside-I also stimulated the gastric
emptying and intestinal transit in normal and constipated rats in vivo, respectively,
and increased the MLCK expression in the jejuna of constipation-predominant rats.
Briefly, the findings demonstrated that ardipusilloside-I could effectively excite
gastrointestinal motility in vitro and in vivo.

INTRODUCTION

Ardipusilloside-I (Fig. 1A), a natural triterpenoid saponin
extracted from Ardisia pusilla A. DC. (family Myrsinaceae,
Jiujielong in Chinese) [1], was reported to have diverse
pharmaceutical effects. Ardipusilloside-I could significantly
inhibit the growth of many types of tumor, such as the liver,
stomach, ovarian and lung tumors [2], and it could suppress the
cancer cell proliferation, invasion and metastasis in vitro and
in vivo, and prolong the survival time of liver cancer mice [3].

Ardipusilloside-I could also exert improvement effects on the
immunological function of tumor bearing mice [4].

However, whether ardipusilloside-I could be used to relieve
intestinal motility-related disorders remains unknown. Our
pre-experiment showed that ardipusilloside-I exerted obviously
stimulatory effects on gastrointestinal smooth muscle movement
in both normal rats and gastrointestinal dysfunction rats, which
were interesting and inspired us to characterize ardipusilloside-
I-induced stimulation on gastrointestinal motility in rats and
investigate its potential mechanism.
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Fig. 1. Effects of ardipusilloside-1 on gastrointestinal motility (Xts,
n=10). (A) The chemical structure of ardipusilloside-I. (B, C) The effects
of ardipusilloside-I on gastric emptying and intestinal transit in normal
rats and in constipated rats respectively. **p<0.01 compared with NC
group. ¥p<0.01 compared with MC group.

It is well known that the smooth muscle contraction and
relaxation of smooth muscle mainly relates to the reversible Ca*'-
calmodulin dependent phosphorylation of myosin light chains
by myosin light chain kinase (MLCK) [5]. So the modulation of
myosin provides an important index to evaluate the effects of
modulators. In vertebrate tissues, MLCK is regulated by Ca*'-
calmodulin, which is rate-limiting for contraction of smooth
muscle [6]. For further clarifying the function of ardipusilloside-I
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in modulating the movement of smooth muscle, the present study
was designed to inspect the contraction of intestinal smooth
muscle, myosin phosphorylation levels and myosin Mg**-ATPase
activity. Additionally, in order to shed light on the mechanism of
the ardipusilloside-I for alleviating constipation characterized by
abnormal hypo-gut motility in a rat model, the gastric emptying,
intestinal transit (a measurement of bowel movement) and the
expression of MLCK in vivo were examined respectively.

METHODS
Animals, drugs and instrument

These studies were approved by the Animal Care Committee
of Liaoning University of Traditional Chinese Medicine with
the certification No. SYXK (Liao) 2013-0009. The animal
housing facility was a barrier housing facility, conforming to the
national standard of China (Laboratory Animal-Requirements of
Environment and Housing Facilities) (GB 14925-2001). Sprague-
Dawley (SD) rats, half male and half female, weighing 180~220
g, were obtained from Laboratory Animal Research Center of
Dalian Medical University with the certification No. SCXK (Liao)
2013-0003. Animals were housed five per cage in a temperature-
controlled room (12 h/12 h light/dark, ad libitum access to food
and water) for a week prior to experimentation.

Ardipusilloside-I (>98% pure, free of endotoxin) was provided
by the Department of Pharmacy, the Fourth Military Medical
University (Xi’an, China). Compound diphenoxylate (H32022716)
was manufactured by Changzhou Kangpu Medicine Industry
Co., Ltd. Phenylmethylsulfonyl fluoride (PMSF), dithiothreitol
(DTT) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). All other used chemical reagents were of commercially
available analytical grade. The proportions of constituents in
Krebs’s solution was as follows (in mM): sodium dehydrogenate
phosphate 1.8, sodium chloride 114.0, potassium chloride 4.7,
magnesium chloride 1.2, calcium chloride 2.5, glucose 11.5,
sodium bicarbonate 18.0; pH 74.

Test meal

The black semisolid paste was made according to the method
described previously [7,8]. Carboxymethylcellulose (5 g in total)
was added in two 2.5-g portions to 125 ml of distilled water.
After the addition of each portion, the mixture was agitated in
a blender for 3 min. Cane sugar (4 g in total) was added to this
mixture, followed by 8 g of desiccated milk and 4 g of cornstarch.
Following the addition of each portion of these ingredients, the
mixture was agitated for 3 min. And then 1.5 g of anthracotic
marker was added to the well-distributed mixture in three 0.5-
g portions. The resulting mixture was a black semisolid paste
(about 150 ml containing 150 g nutrient paste), which was placed
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Fig. 2. Effects of ardipusilloside-I on the contractility of isolated jejunal segment (1JS) in normal contractile state (X+s, n=6). (A) Representative
traces and (B) statistical analysis of concentration- response relation of ardipusilloside-l on the contractility of 1JS. The contractile amplitude of 1S in
normal contractile state was set as 100% (NC). **p<0.01 compared with the NC.

in a refrigerator overnight to allow any air trapped in the mixture
to escape. The mixture was removed from the refrigerator and
returned to reach room temperature before 2 h for using.

Gastric emptying and intestinal transit studies

The methods for determining gastric emptying and intestinal
transit were described previously with some modifications [7-9].
Briefly, each rat was given by gavage 3 ml of test meal 60 min after
the last administration with ardipusilloside-I. And then the rat
was killed by cervical dislocation and laparotomized 20 min later.
The stomach was ligated at the esophageal cardia and pylorus to
prevent leakage, removed and weighed. The stomach was then
opened, any remaining test meal was rinsed out, and any excess
water was cleared from the stomach with filter paper. The empty
stomach was then weighed. The amount of the remained test
meal in the stomach was calculated by subtraction of the values
of successive weighing. The entire small intestine was ligated,
removed from the abdomen, and pull straight. Gastric emptying
was calculated as [(gavaged test meal-remained test meal in
gastric)/gavaged test meal], and intestinal transit was calculated as
(the length between where the marker achieved in intestine and
pylorus/the length between the pylorus and cecum).

Experimental design

Constipated rats model was induced by administered with
atropine-diphenoxylate according to previously described

www.kjpp.net

methods with some modifications [10].

For measurement of the effects of ardipusilloside-I on
gastric emptying and intestinal transit in normal rats, forty
animals were randomly divided into four groups (n=10 per
group): normal control group (NC), high, middle and low dose
of ardipusilloside-I groups (100, 50, 25 mg/kg), respectively.
Ardipusilloside-I was intragastric administration at a dose of
100, 50, 25 mg/kg body weight per day for high, middle, and low
dose group rats, respectively, and the rats in the NC group were
gavaged with the same amount of distilled water at the same time.
After 14 days of administration, rats were fasted for 16 h with free
access to water. Each rat was administrated with test meal and
then following measurement was performed in accordance with
the methods described above.

In constipated rats, the atropine-diphenoxylate was used to
induce constipation according to previous reports [11]. Fifty
animals were randomly divided into five groups, that is, the
remaining rats were the same as the measurement in normal rats
except that ten rats were selected as the model control group (MC).
Except the NC rats, others were orally administered by atropine-
diphenoxylate (diphenoxylate 5 mg/kg; atropine sulfate 0.05 mg/
kg) once daily for 14 consecutive days to induce constipation.
And then, the ardipusilloside-I was orally administered at a dose
of 100, 50, 25 mg/kg body weight per day for high, middle, and
low dose group rats for 14 days, respectively. Moreover, the rats
in NC and MC group were gavaged with the same amount of
distilled water. After 14 days of treatment, rats were fasted for 16
h with free access to water. After that, all animals were placed in
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small transparent cages individually and administrated with test
meal, the following measurement was performed in accordance
with the methods described above.

Preparation of isolated jejunal segment (1JS) and
measurement of gastrointestinal motility

The stomach of rats was opened under urethane anesthesia.
The small intestinal were prepared as described earlier [12] and
the isolated jejunal segment (IJS) was cut in approximate 2 cm
segment in length (tubes) to test the effect of ardipusilloside-I on

the contractility of intestinal smooth muscle in rats. The mucosa
and submucosa were removed gently with fine tweezers. The IJS
was suspended respectively in 20 ml chambers containing 37°C
Kreb’s solution with 95% O, and 5% CO,, equilibrated for 50 min
and the bath solution was replaced every 10 min. Contractile
response was directly recorded by using RM6240 physiological
recording system (Chengdu Instrument Factory, China).
Contractile amplitude of the IJS was measured from the baseline
to the peak and was expressed as the relative value (the average
of the contractile curve recorded over 5 min), and compared
to a normal control (Krebs’ solution without ardipusilloside-I),
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Fig. 3. Effects of ardipusilloside-I on the contractility of isolated jejunal segment (1JS) in different contractile states (X+s, n=6). (A1)
Representative traces and (A2) statistical analysis of ardipusilloside-I on the contractility of 1JS in 3 low contractile states pre-induced with low Ca™* (1.25
mM), adrenaline (1 uM), and atropine (1 uM), respectively. (B1) Representative traces and (B2) statistical analysis of ardipusilloside-I on the contractility
of 1S in 3 high contractile states pre-induced with ACh (acetylcholine, 1 uM), high Ca** (5 mM), and histamine (5 uM) respectively. **p<0.01
compared with the NC, ¥p<0.01 compared with the contractile amplitudes in low contractile states (LCS) and in high contractile states (HCS) before

ardipusilloside-I treatment, respectively.
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which was assigned a value of 100%. The spikes presented
simultaneously in both recorded channels were easily identified
as movement artifacts which were eliminated from data analysis.
Each rat acted as self-control, and recording time was not longer
than 6 h. The mean amplitude of contraction was calculated from
6 independent assays.

Protein purification and myosin MLC,,
phosphorylation/Mg**-ATPase activity determination

Myosin and MLCK used in the essay were purified from
fresh smooth muscle of chicken gizzard according to the
methods reported previously [13]. The purified myosin was
unphosphorylated, as determined by 10% glycerol electrophoresis.
The method of measuring phosphorylation extents of 20 kDa
regulating myosin light chain (MLC,,) of myosin and Mg"'-
ATPase activity of myosin was performed as described previously
(14,15]. In brief, Ca**-calmodulin dependent phosphorylation of
MLC,, by MLCK was carried out in a 20 mM Tris-HCl (pH 7.4)
buffer containing 1 mM DTT, 5 mM MgCl,, 60 mM KCl, 2 mM
EGTA, 4 uM myosin and 2 mM ATP. And the measurement
of Mg**-ATPase activity was carried out in a 20 mM Tris-HCl
(pH 7.4) buffer containing 60 mM KCI, 5 mM MgCl,, I mM
DTT, 0.5 mM ATP, 0.1 mM CacCl,, 0.6 mM calmodulin, and
0.4 uM myosin at 25°C using the malachite green method. To
analyze the percentage of MLC,, phosphorylation, Scion Image
Software (Scion Co. Ltd., USA) was applied to scan the density
and size of phosphorylated MLC,, and calculate the percentage of
phosphorylation MLC,, in total MLC,,. Mono-phosphorylation
of the fully phosphorylated myosin control was chosen as the
control and calculated as 100%.

Western blot analysis

MLCK protein expression in jejuna of constipated rats was
examined using western blot as described previously [16].
Ardipusilloside-I at doses of 25, 50, 100 mg/kg was gavaged to
constipated rats daily respectively as mentioned above. After 2-
week of ardipusilloside-I administration, rats were sacrificed
and jejunal segments were isolated. Total protein was isolated
from the full thickness of jejunal wall using a Total Protein
Extraction Kit (KeyGen Bio TECH, China). Anti-MLCK mAb
(1:1000 dilution) (No. ab76092 abcam (Hong Kong) Ltd., UK) was
incubated overnight at 4°C, followed by incubation with 1:1000
diluted HRP-conjugated goat antibody against rabbit IgG and
stained with an enhanced chemiluminescence kit (KyeGen Bio
TECH, China). The bands were detected and quantified using a
Multispectral Imaging System (UVP, Cambridge, UK).

Statistical analysis

The results were expressed as meanststandard deviation (Xs).
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Statistical analysis was performed with one-way ANOVA, using
the SPSS 11.5 software. Statistical significance was adopted at a
level of p<0.05.

RESULTS

Effects of ardipusilloside-I on gastric emptying and
intestinal transit in normal and constipated rats
respectively

The results showed that the gastric emptying and the intestinal
transit in ardipusilloside-I treated normal rats were faster than
those in rats of NC group without receiving administration,
particularly at the dose of 100 mg/kg and 50 mg/kg (p<0.01) (Fig.
1B). Fig. 1C showed that, the gastric emptying and intestinal
transit in constipated rats of MC group were slower than those
in normal rats of NC group (p<0.01). However, ardipusilloside-I
(25, 50, and 100 mg/kg) could significantly promote the gastric
emptying and intestinal transit in constipation-predominated
rats (p<0.01). The results in both normal and constipation-
predominated rats indicated that, ardipusilloside-I exerted
obviously stimulatory effects on the gastrointestinal motility in a
dose-dependent manner.

Concentration- response relationship of
ardipusilloside-l on the contractility of 1JS

Ardipusilloside-I- induced effects on IJS contractility in normal
contractile state were shown by its dose-response relationship.
At concentration of 6.25-100 uM, ardipusilloside-I exerted
stimulatory effects on the contractility of IJS in a concentration-
dependent manner, especially at the doses greater than 12.5 uM
(p<0.01).

Effects of ardipusilloside-I on the contractility of 1S in
different contractile states

To characterize ardipusilloside-I-induced stimulatory effects,
3 different low contractile states and high contractile states of
IJS were established and used in the study, respectively. The
results indicated that ardipusilloside-I increased the contractility
of IJS in low contractile states induced by low concentration of
Ca™, adrenaline and atropine respectively. Additionally, for the
contractility of IJS in high contractile states, the synergistic effects
were showed between ardipusilloside-I and acetylcholine (ACh),
high Ca® and histamine respectively.

Possible mechanisms related to
ardipusilloside-l-induced stimulatory effects

Now that MLCK phosphorylates the MLC,, of myosin,
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which triggers cycling of myosin cross-bridges along actin
filaments, resulting in motive force [17], the changes in myosin
phosphorylation and Mg**-ATPase activity reflect the catalytic
activity of MLCK. The following assays were designed to reveal

the potential mechanisms related to ardipusilloside-I-induced
stimulatory effects, including MLCK expression in jejuna of
constipation-predominated rats. In addition, myosin and MLCK
purified from chicken gizzard smooth muscle were used to
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Fig. 4. Effects of ardipusilloside- on phosphorylation and Mg**-ATPase activity of myosin in vitro and content of MLCK in vivo (X+s, n=6).
The assays were performed in the assay as described in Materials and Methods. (A1) was glycerol electrophoresis results of ardipusilloside-l on the
extent of myosin phosphorylation in a Ca’*-dependent way. LC,,, unphosphorylated MLC,,; p-LC,,, mono-phosphorylated MLC,,; LC,,, 17 kDa myosin
essential light chain. Lane 0 was unphosphorylation control, lane 1 was phosphorylation of myosin without ardipusilloside-l administered, lane 2~5
represented phosphorylation of myosin after 12.5, 25, 50, 100 uM ardipusilloside-I administered. (A2) was the extent of myosin phosphorylation,
which was analyzed by using Scion Image Software. Mono-phosphorylation was chosen as the control and calculated as 100%, and other data
were the relative values compared to the control. **p<0.01 compared with phosphorylation without ardipusilloside-I. (1) and (B2) were the Mg*'-
ATPase activities of Ca>*-dependent phosphorylated myosin in the absence and in the presence of actin, respectively. The Mg**-ATPase activity
of unphosphorylated myosin was calculated as 100% in the absence of ardipusilloside-I and actin. Other data obtained were the relative values
compared to it. *p<0.05, **p<0.01 compared with the corresponding controls without ardipusilloside-I. (C1) and (C2) Representative bands and
statistical analysis (columns) of MLCK protein contents in the absence and presence of ardipusilloside-I (25, 50, 100 mg/kg). Data obtained from
normal control (NC) was set to 100%. **p< 0.01 compared with the NC, “p< 0.01 compared with the constipated rats of MC group.
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determine the MLCK catalytic activity. Due to the high sensitivity
of MLC,, phosphorylation by MLCK in the presence of Ca** and
Calmodulin [18], only 0.002 uM MLCK was added to the assay
for MLC,, phosphorylation. Besides, the different incubation
times (5, 10 and 20 min) were chosen to examine the myosin
Mg”*-ATPase activities.

Fig. 4A indicates that ardipusilloside-I at concentrations from
12.5 uM to 100 uM induced a dose-dependent stimulation of
MLC,, phosphorylation by MLCK. Fig. 4B showed that, the
Mg®*-ATPase activities of Ca*’-dependent phosphorylated
myosin increased gradually with incubation time. However, at
different incubation time, the highest Mg*-ATPase activities of
phosphorylated myosin was observed in the group of 100 uM
ardipusilloside-I, the second one in the 50 uM ardipusilloside-1,
the third one in the 25 uM ardipusilloside-I, the fourth one in the
12.5 uM ardipusilloside-1, and the lowest in the negative control.
The differences between the Mg**-ATPase activities in different
groups became more and more obvious along with the extension
of incubation. So, ardipusilloside-I could stimulate Mg*'-
ATPase activities of Ca’*-dependent phosphorylated myosin
both in the absence and in the presence of actin, in the dose-
dependent and time-dependent manners. Fig. 4C showed that,
the MLCK expression in the jejuna was significantly decreased in
constipated rats in comparison with that in normal control, and
ardipusilloside-I significantly increased MLCK protein content in
constipated rats.

DISSCUSSION

In this study, ardipusilloside-I increased contractility of IJS in
a dose-dependent manner and reversed the LCS of IJS induced
by low Ca™, adrenaline, and atropine respectively. Meanwhile,
there was a synergistic effect between ardipusilloside-I and ACh,
high Ca™, and histamine, respectively. In accordance with the
stimulatory effects on jejunal contractility, ardipusilloside-I
stimulated the gastric emptying and intestinal transit in
normal and constipated rats in vivo, respectively. All in all, the
aforementioned results have pointed out that, ardipusilloside-I
had the definite activation effects on the gastrointestinal motility
inrats.

The MLC,, phosphorylation of myosin by Ca*/calmodulin-
dependent MLCK has been long-established to play a key
role in regulation the contraction of smooth muscle [19].
Upon stimulation, smooth muscle cells release Ca’* from the
sarcoplasmic reticulum and extracellular Ca* influx into cells.
The rise in intracellular Ca** results in rapid binding of Ca® to
calmodulin and then activates MLCK. The activated MLCK
phosphorylates the 20 kDa regulatory unit of myosin light chains
(MLC,,), which then activates myosin ATPase and triggers
cross-bridges cycling and the development of contractile force
[20]. Since the changes in myosin phosphorylation and Mg**-
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ATPase activity loyally reflect the regulation of myosin function,
we focused on these changes as important indexes to determine
the effects of ardipusilloside-I on myosin in these experiments.
Studies also indicate that increased MLCK expression and
content rather than the change of myosin heavy chain content
may be potential mechanisms for enhanced contractile reactivity
in sensitized airways [21]. Targeted deletion of MLCK induced
a significant loss of myosin phosphorylation, suggesting an
essential role for MLCK in the contraction of smooth muscle and
for gastrointestinal motility in vivo [22].

Our study was designed based on these previously investigated
evidences. In accordance with the stimulatory effects on jejunal
contractility, ardipusilloside-I up-regulated MLCK expression
in jejuna of constipated rats and increased both phosphorylation
and Mg’"-ATPase activity of purified smooth muscle myosin.
These evidences imply that the increase of MLCK contents and
stimulation of MLCK activity are involved in the ardipusilloside-
I-induced stimulatory effects.

Chronic constipation is a worldwide public health issue, which
is usually defined as infrequent or difficult passage of stool
in both developed and developing countries. Epidemiologic
studies showed that the median prevalence of constipation was
16% (range, 0.7%~79%) in adults overall and 33.5% in adults
aged 60 to 101 years [23]. It significantly affects the quality of
life because constipation can cause not only discomfort and
restlessness but also abdominal distension, vomiting, restlessness,
gut obstruction, and perforation and even is associated with
fatal pulmonary embolism [24]. Most patients with constipation
used laxative medicines, such as phenolphthalein, magnesium
sulfate, liquid paraffin, etc. However, these drugs are not so
ideal in clinical use because of their potential adverse side effects
such as inducing tolerance, melanosis coli, or cathartic colon
[25]. Therefore, it is still greatly necessary to develop a safe and
effective agent for relieving the constipation.

Constipation is characterized by decreased gastrointestinal
motility, and the gastro emptying, the transit time and the MLCK
expression were decreased in patients with constipation [26].
Our studies indicated that ardipusilloside-I could prompt the
gastrointestine movement and MLCK expression in constipation-
predominant rats, which indicated that ardipusilloside-I
possessed obvious therapeutic effects on constipation and may
be developed as a drug for clinical treatment of constipation. In
summary, the present results provide some valuable information
for understanding the action mechanism of ardipusilloside-I on
gastrointestinal function and the further clinical researching on
ardipusilloside-1.
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