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Preventative effects of fermented Chimonobambusa quadrangularis
shoot on activated carbon-induced constipation
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Abstract. The present study aimed to determine the preventa-
tive effects of fermented Chimonobambusa quadrangularis
shoot (FCQS) on activated carbon constipation in Kun Ming
mice. FCQS has a more loose fiber tissue structure than
unfermented fresh C. quadrangularis shoot (CQS), which is
preferable for relieving constipation. In mice fed with FCQS
for 9 days the time from consumption to their first black
stool defecation (117 min) was shorter than the control group
(192 min) and the CQS group (148 min); however, it was longer
than the normal (85 min) and bisacodyl treatment (99 min)
groups. The gastrointestinal transit of the FCQS group (73.8%)
was increased, as compared with the control (37.9%) and
CQS (61.7%) groups; however, it was decreased as compared
with the normal (100%) and bisacodyl (88.3%) groups. By
observing the hemotoxylin and eosin-stained section of mice
intestine, it was demonstrated that FCQS reduced injury to the
intestinal tract resulting from constipation and alleviated the
damage caused to the intestinal villi over the effects observed
in the CQS group. Furthermore, FCQS was also able to
increase the serum levels of motilin, endothelin-1, vasoactive
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intestinal peptide and acetylcholinesterase compared with the
control group. c-Kit, stem cell factor (SCF), glial cell-derived
neurotrophic factor (GDNF) mRNA and protein expression
levels in the small intestinal cells of FCQS-fed mice were
increased, as compared with CQS-fed mice. Transient receptor
potential cation channel subfamily V member 1 (TRPV1)
and nitric oxide synthase (NOS) expression levels of small
intestinal cells of FCQS-fed mice were reduced, as compared
with CQS-fed mice. These findings demonstrated that FCQS
may induce improved preventative effects on constipation,
compared with CQS.

Introduction

Chimonobambusa quadrangularis (Fenzi) Makino, which
belongs to Gramineae Bambusoideae Chimonobambusa (1),
predominantly grows in high-altitude jungles in the Southwest
and its shoots are a natural, high quality food (2). Square bamboo
typically matures in autumn, which is distinct from other types of
bamboo. Square bamboo shoots are nutritionally-rich, including
protein, fat, carbohydrate, cellulose, vitamin C, vitamin B and
other mineral elements such as calcium, phosphorus, iron, zinc
and selenium (3). Fermentation improves the quality of the
food, including its taste and the proportion of nutrients, whereas
fermentation by microbes improves the physiological functions
of dietary fiber in the bamboo shoots (4).

In modern society, constipation is a common physiological
state, and individuals who suffer from constipation experience
decreased bowel movements (5). Furthermore, the amount of
defecation decreases and difficulty defecating is a result of a
lack of water (6). Due to current working conditions, ~70% of
individuals are in a suboptimal state with stomach diseases
and constipation (7). Foods that may improve these conditions
include health foods (such as green tea, Korea Kimchi) and
functional foods (such as soybean oligosaccharides, dietary
fiber) that aid the return to normal function, and foods that
improve constipation are an important and effective way to
improve intestinal health (8). Fiber in bamboo shoots has been
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proven to have a good effect on inhibiting constipation (9), and
it is has been reported that dietary fiber in the bamboo shoots
can be improved through fermentation, and therefore its effect
on constipation may also improve (10).

Activated carbon is able to reduce intestinal peristalsis
and delay the pass of intestinal contents, which may lead to
constipation when administered under normal conditions (11).
Activated carbon has become an important experimental
method of examining the effects of food on the inhibition of
constipation (12). The present study adopted activated carbon
to induce constipation in mice in order to observe the preven-
tative effect of fermented bamboo shoots on constipation,
which may provide support for the further development and
utilization of fermented bamboo shoots as a gastrointestinal
(GI) functional food.

Materials and methods

Fermentation of C. quadrangularis shoot. Cultivated
Lactobacillus acidophilus (1.1854) and Streptococcus ther-
mophilus (1.1855; both China General Microbiological
Culture Collection Center, Beijing, China) were centrifuged
at 3,000 x g for 10 min, after which the supernatant was
discarded, washed with a moderate amount of saline, and
suspended in saline in order to adjust the concentration
of the bacteria liquid to 7.5x10° CFU/ml (L. acidophilus:
S. thermophilus, 1:1). L. acidophilus and S. thermophilus
were subsequently mixed to achieve C. quadrangularis shoot
fermented bacterial liquid in the proportion of 1:1. Fresh
C. quadrangularis shoot (5 kg) were washed and crumbled,
and 500 ml mixed fermented bacteria liquid was subsequently
added at 42°C (fix format) for 16 h for the main fermentation
step. Following this, prophase fermentation was performed at
4°C for 12 h to attain the fermented C. quadrangularis shoot.

Microscopic evaluation of the fiber in C. quadrangularis
shoots. Fresh C. quadrangularis shoot (CQS) and fermented
C. quadrangularis shoot (FCQS) were smashed using a
grinder and washed for 10 min with saline three times. The
liquid was discarded and 95% alcohol (10X) was added to
clean the residue and the mixture was subsequently centri-
fuged at 750 x g for 5 min. The supernatant was discarded,
the small piece of clean solid was squashed and 3 drops of
1% ethanol solution of methylene dye were prepare the slide
containing C. quadrangularis shoot fiber. The slide was
observed at x20 magnification under a microscope (Y-2A;
Nikon Corp., Tokyo, Japan).

Manufacture of C. quadrangularis shoot feed. Following
pasteurization, CQS and FCQS were dried, smashed and
subsequently mixed with the feed at a ratio of 1:9 according
to the weight prior to being pressed into a mold. These CQS
and FCQS feeds were then added to the experimental mouse
feed to a total of 10% CQS and FCQS.

Establishment of a mouse model of constipation.
Seven-week-old female imprinting Kun Ming mice (n=50;
weight, 25-30 g) Experimental Animal Center of Chongqing
Medical University, Chongqing, China) were randomly
divided into normal, control, bisacodyl treatment, SCQ and
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FSCQ groups (n=10/group). The mice were maintained in a
temperature-controlled facility (temperature 23+1°C, rela-
tive humidity 50+5%) with a 12-h light/dark cycle. During
the experiment, mice in the normal group were not treated.
Mice in the control group were not treated during the first
6 days; however, after this they were administered activated
carbon water by lavage once daily for 3 days. Mice in the
bisacodyl treatment group were administered bisacodyl
(100 mg/kg body weight) once daily, and after 6 days were
administered activated carbon water by lavage once daily
without bisacodyl for 3 days. Mice in these three groups were
administered water and were permitted ad libitum access to
feed. Mice in the SCQ and FSCQ groups were administered
feed containing 10% SCQ and FSCQ, respectively, and
ad libitum access to water during the whole experiment, and
activated carbon water was administered by lavage during
the final 3 days. All groups were restricted from consuming
food after 9 days for 24 h, and were administered 10% acti-
vated carbon ice water at a concentration of 0.1 ml/10 g by
lavage. Each group was divided into two subgroups. Five
mice from each group were observed to determine the time
point at which they discharged their first black stool defeca-
tion, whereas the remaining five mice were euthanized by
cervical vertebra dislocation 30 min after activated carbon
water lavage to observe the GI transit of activated carbon
in the small intestine. GI transit was calculated as follows:
GI (%) = distance traveled by activated carbon in the small
intestine/the total length of small intestine x 100% (13).
These experiments followed a protocol approved by the
Animal Ethics Committee of Chongqging Medical University
(Chongqing, China).

Determination of serum indices. Mouse blood (0.1 ml) was
centrifuged at 3,000 x g for 10 min. The supernatant, which
contained the mouse serum, was used to determine the indices
of motilin (MTL), endothelin-1 (ET-1), vasoactive intestinal
peptide (VIP) and acetylcholine enzyme (AchE), which
were measured according to the manufacturer protocols
outlined in the MTL, ET-1, VIP (Cusabio Biotech Co., Ltd.,
Wuhan, China) ELISA kits and AchE kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, Jiangsu, China) .

Pathological observation of the small intestine. The rats were
sacrificed using the cervical vertebra dislocation method.
Following dissection, the small intestine was placed in 10%
formalin solution for 24 h and 95% ethanol to dehydrate prior to
xylene treatment. Transparent blocks were embedded in melted
paraffin, sliced by microtome and stained with hematoxylin
eosin, and observed at x10 magnification under a Nikon Y-2A
microscope (14).

Reverse transcription-polymerase chain reaction (RT-PCR)
analysis. Total RNA (2 ug) was extracted from the small
intestine using RNAzol (Invitrogen; Thermo Fisher Scientific,
Inc., Carlsbad, CA, USA) reagent from the small intestine of
each group. RNA concentration was adjusted to 1 ug/ul. and
2 ul RNA extracts were respectively added to 1 ul oligodT18,
RNase, dNTP and MLV enzymes, 5X buffer (GE Healthcare
Life Sciences, Chalfont, UK) and 10 ul was used to synthesize
c¢DNA under the conditions of 37°C for 120 min, 99°C for
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4 min, and 4°C for 3 min. Expression of c-Kit, stem cell factor
(SCF), glial cell-derived neurotrophic factor (GDNF), Transient
receptor potential cation channel subfamily V member 1
(TRPVI) and nitric oxide synthase (NOS; Tiangen Biotech
Co., Ltd., Beijing, China) was amplified through RT-PCR and
compared to GAPDH gene expression (Tiangen Biotech Co.,
Ltd.). cDNA (2 ul) was mixed with 1 ul of each primer (10 xM)
and 16 ul DNase-free water in a PCR premix tube (AccuPower
PCR PreMix; Bioneer Corporation, Daejeon, Korea), and PCR
was performed in an automatic thermocycler (T100, Bio-Rad,
Hercules, CA, USA) for 40 cycles of 94°C for 5 min, 58°C for
30 sec, and 72°C for 90 sec, followed by a 10 min cycle at 95°C.
The primers were as follows: Forward: 5-AGA CCG AAC
GCA ACT T-3' and reverse, 5-GGT GCC ATC CAC TTC
A-3' for c-Kit; forward, 5'-AAA CTG GTG GCG AAT C-3
reverse, 5'-CAC GGG TAG CAA GAA C-3") for SCF; forward,
5TTT TAT TCA AGC CAC CAT C-3'; reverse, 5-AGC CCA
AAC CCA AGT CA-3' for GDNF, forward, 5'-AGC GAG TTC
AAA GAC CCA GA-3"and reverse, 5-TTC TCC ACC AAG
AGG GTC AC-3' for TRPVI; and forward, 5'-CCA CAT CTG
GCA GGA TGA GAA-3'" and reverse, 5'-AGG CAC AGA
ACT GAG GGT ACA-3' for NOS (Tiangen Biotech Co., Ltd.,
Beijing, China); and forward, 5'-CGG AGT CAA CGG ATT
TGG TC-3' and reverse, 5'-AGC CTT CTC CAT GGT CGT
GA-3' for GAPDH gene expression (Tiangen Biotech Co., Ltd.).
Subsequently, 2% agarose gels in 1X Tris-acetate-EDTA were
used to assess the amplification of genes by PCR (15).

Western blot analysis. Following the extraction of tissue protein
with RIPA lysate, the total protein concentration of each group
was homogenized with ice-cold radioimmunoprecipitation
assay (RIPA; Easybio, Beijing, China) buffer in ice-cold PBS,
then the extraction was centrifuged at 13,000 x g for 30 min at
4°C. The protein (30 pg) was determined using an ultraviolet
spectrophotometer, and the concentrations were adjusted to
the same level. Protein samples were separated by 10-12%
SDS-PAGE (Schleicher and Schuell, Keene, NH, USA) for
4 h and transferred to nitrocellulose membranes. Membranes
were sealed for 3 h in sealing fluid, washed 3 times with
Tris-buffered saine (TBS; Easybio, Beijing, China) and incu-
bated with primary antibodies against c-Kit (cat no. ab62154,
Abcam, Cambridge, MA, USA), SCF (cat no. ab83866;
Abcam), TRPVI1 (cat no. ACC-030, Alomone; Beijing, China),
GDNF (cat no. ab18956; Abcam), NOS (cat no. sc-49058;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and [3-actin
(cat no. ab8226; Abcam) for 2 h. After washing with PBS
containing 0.05% Tween 20 (PBS-T), blots were and then incu-
bated with horseradish peroxidase-conjugated goat-anti-rabbit
IgG secondary antibody (Cell Signaling Technology, Inc.)
for 1 h at room temperature. Following washing 3 times with
TBS, treatment with an ultra-sensitive light liquid on a light
sensitive X-plate (cat no. BE6031, Easybio, Beijing, China), the
nitrocellulose filters were developed and fixed (16). Protein
expression levels of ¢-Kit, SCF, TRPV1, GDNF and NOS were
determined, with -actin as the reference gene.

Statistical analysis. Experimental data are presented as the
mean * standard deviation. Differences between the mean
values for individual groups were assessed with a one-way
analysis of variance with Duncan's multiple range tests. P<0.05
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was considered to indicate a statistically significant difference.
SAS 9.2 (SAS Institute Inc., Cary, NC, USA, 2009) was used
for statistical analyses.

Results

Morphological observation of FCQS and CQS. As demon-
strated in Fig. 1, the fiber gaps in FCQS increased and the
structure became more relaxed, whereas the fiber gap of CQS
was dense and tighter.

First black stool defecation. Following treatment with activated
carbon, the duration until the first black stool defecation was
highest in the control mice (192 min), as compared with 85 min
in the normal mice (Fig. 2). Treatment with bisacodyl, which
is an anti-constipation drug, decreased the duration between
treatment and first black stool defecation to 99 min. Notably,
the FCQS-fed mice (117 min) exhibited a significantly shorter
time than CQS-fed mice (148 min; P<0.05) and control mice
(P<0.01); however the duration exhibited by FCQS-fed mice
remained longer than bisacodyl-treated and normal mice.

Defecation status. After inducing constipation, the defeca-
tion status of the mice in the different groups altered. The
defecation count was highest in the normal mice, whereas
the control group mice exhibited the lowest defecation
count (Fig. 3). The defecation count of the FCQS group was
higher than the CQS group, but remained lower than the
bisacodyl group. The stool of the control mice was very dry,
and CQS-treated mice also exhibited dry stool. Mice in the
normal, bisacodyl and FCQS groups exhibited normal moist
stool.

Gl transit. On the final day of experimentation, all mice were
treated with activated carbon by lavage. All the activated
carbon was able to pass through the small intestine in normal
mice 30 min post-treatment and this was set as 100% (Fig. 4;
Table I). Activated carbon passed through the small intestine
with difficulty in the control mice. The control mice exhibited
a GI transit value of 37.9%. Bisacodyl-treated mice exhibited
a high GI transit value at 88.3%. FCQS and CQS-treated mice
also exhibited increased GI transit compared to the control
mice, and FCQS-treated mice (73.8%) exhibited increased GI
transit, as compared with CQS (61.7%; P<0.01).

Morphological observation of the small intestine. In normal
mice, the small intestinal villi were orderly, and the thick-
nesses of the small intestinal wall was homogeneous (Fig. 5).
The villi of control mice were injured and broken, and the
thickness of the small intestinal wall was heterogeneous.
The small intestinal villi of bisacodyl-treated mice exhibited
minimal damage and the villi of CQS and FCQS-treated
mice exhibited more severe injury than bisacodyl-treated
mice. CQS-treated mice exhibited more severe intestinal villi
damage than FCQS-treated mice.

Serum MTL, ET-1, VIP and AchE levels. MTL, ET-1, VIP
and AchE levels in the serum were highest in the normal
mice (Table II), whereas the levels were lowest in control
mice (P<0.05). Serum levels from bisacodyl-treated mice were
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T FCQS

Figure 1. Morphologic observation of fibers of fermented and fresh Chimonobambusa quadrangularis shoots (magnification, x20).

similar to those in normal mice and were higher than CQS
and FCQS-fed mice. Notably, respective FCQS and CQS treat-
ment increased these levels compared with the control mice
(P<0.05), and fermentation further increased the levels of
MTL, ET-1, VIP and AchE compared with the CQS-fed mice.

Expression levels of c-Kit and SCF. c-Kit and SCF expression
levels in the small intestine of mice were determined by
RT-PCR and western blotting (Fig. 6). c-Kit and SCF mRNA
and protein expression levels were highest in the normal mice,
whereas the control mice exhibited the lowest levels of c-Kit
and SCF. Expression levels of bisacodyl-treated mice were
higher than all other groups, with the exception of the normal
group. FCQS-treated mice exhibited increased expression
levels, as compared with the control (P<0.01) and CQS-treated
mice (P<0.05).

Expression levels of TRPVI, GDNF and NOS. TRPV1, GDNF
and NOS are enteric nerve-related genes (16). FCQS was able
to increase GDNF mRNA and protein levels, and decrease
TRPVI1 and NOS levels, as compared with the control mice
(P<0.01) and CQS-treated mice (P<0.05; Fig. 7). TRPV1,
GDNF and NOS mRNA and protein expression levels in
FCQS-treated mice were similar to those exhibited by normal
and bisacodyl-treated mice.

Discussion

Constipation can damage the intestinal wall, including short-
ening and fracturing of the villi, affecting normal absorption
and defecation (11). As a result, constipation has a notable
influence on the intestine. It has previously been demon-
strated that the increased fiber gap of FCQS facilitates the
improved penetration of water to the fibers and increases its
absorbency and water-holding capacity, which increases the
volume of excrement that stimulates intestinal peristalsis (17).
Furthermore, increased water content in excrement may
prevent dry excrement, which increases bowel movements(18).
Previous research has demonstrated that fermentation can
significantly improve the water-holding ability of bamboo (10),
which was confirmed in the present study. Therefore, the influ-
ence of fermentation on FCQS fiber may promote defecation
and effectively relieve constipation.

Patients with constipation have difficulty defecating, and
their frequency is lower than that of individuals with normal
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Figure 2. First black stool defecation time of mice following treatment with
activated carbon by gavage. "P<0.05 and “P<0.01 vs. the control group (deter-
mined by Duncan's multiple range test).

GI function and transit. A mouse constipation model may be
used to simulate human constipation, and how long until mice
can discharge black excrement produced by activated carbon
in the state of constipation is used as the standard to measure
the degree of constipation (17). The results of the present study
demonstrated that the duration between treatment and the first
black stool defecation in the FCQS group was significantly
shorter than that of the CQS group, indicating that FCQS may
be more effective at promoting intestinal health and countering
constipation.

The most characteristic representation of constipation
is difficulty defecating with low volumes and dry grains
due to lack of water (7). Observation of the excrement of
experimental mice in the present study demonstrated that,
after constipation induced by activated carbon, the amount of
stools passed by the control group was markedly decreased,
whereas the effects of bisacodyl, CQS and FCQS were prefer-
able, compared with normal square bamboo. These findings
demonstrated that CQS is a suitable and effective food for
relieving constipation, and fermentation may improve its
efficacy.

Distance traveled and GI transit time of activated carbon
are key indicators used to measure intestinal function, which
affects the degree of constipation. Increased distance and
GI transit time indicate lower degrees of constipation (19).
The mouse constipation model used in the present study
indicated that the intestinal activity varied and the GI transit
time of activated carbon in the normal and control groups
differed significantly. CQS was able to significantly relieve
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Normal

Control
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Figure 4. Propel state of small intestine in activated carbon induce constipation mice.

constipation, markedly improving the GI transit time of
activated carbon in the intestine. Notably, FCQS had an supe-
rior effect on easing constipation, as compared with CQS.
Furthermore, the results of the present study indicated that the
effect of FCQS on constipation is similar to that of bisacodyl,
which was demonstrated to be superior to the effect of fresh
CQS.

MTL is a type of GI hormone that stimulates the secre-
tion of pepsin and promotes intestinal peristalsis, which is
required for normal physiological intestinal activity and
defecation (20). Endothelin ensures the tension of vessels,
maintaining a normal cardiovascular system and avoiding
other diseases (cardiovascular disease, hypertension) caused
by constipation (21). ET-1 is a key factor that regulates cardio-
vascular function, promoting the normal contraction and
dilation of blood vessels and relieving the abnormal contrac-
tion of blood vessels caused by constipation (22). VIP relaxes
smooth muscles, promoting the dilation of blood vessels,
increasing the production of intestinal secretions, and stimu-
lating intestinal peristalsis. A previous study has demonstrated
that a decrease in the secretion of VIP may directly lead to
constipation (23). AchE modulates intestinal contraction,
promotes the secretion of mucus, and promotes defecation by
enhancing intestinal contraction and the secretion of mucus,

which may help to avoid constipation (24). It has been demon-
strated that the levels of MTL, ET-1, VIP and AchE in mouse
serum decrease with the degree of constipation (19). In the
present study, compared with the control group, FCQS was
able to significantly increase the levels of MTL, ET-1, VIP
and AchE, and the effect was greater than that of the fresh
CQS group.

A previous study demonstrated that c-Kit is expressed in
the smooth muscles of mice intestines; therefore, blocking the
function of c-Kit may lead to severe intestinal dysfunction
and intestinal obstruction. c-Kit and SCF are interdependent,
thus they are able to promote each other, therefore any decline
in the expression levels of ¢-Kit and SCF in the intestine may
cause constipation (25).

After binding with its ligand, TRPV1 opens cell passages
and releases a large number of neuropeptides, excitatory
amino acids and GI peptides, which causes increased
intestinal sensitivity and movement disorders, leading to
constipation (26). GDNF regulates the growth and develop-
ment of nerve cells, ensuring the protection and repair of
damaged nerves. Exogenous GDNF significantly improves
intestinal function and relieves constipation (27). NOS has
an important role in the intestinal tract. For example, NOS
and AchE maintain the balance of intestinal movements.
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Table I. Effects of samples on gastrointestinal (GI) transit in mouse model of activated carbon-induced constipation.

Variable Normal Control Bisacodyl CQS FCQS

Small intestine length (cm) 48.3+2.2° 47.8+3.2¢ 479+1.9° 47.5+£2.5° 47.7+2.6°
Distance traveled (cm) 48.3+2.2* 18.1+£3.9¢ 42.3+2.1° 29.3+2.2¢ 35.2+1.8°
GI transit (%) 100.0+0.0* 37.9+5.3° 88.3+3.1° 61.7+4.0¢ 73.8+£3.3¢

“*Mean values with different letters in the same column are significantly different (P<0.05), as determined by Duncan's multiple range test.
GI, gastrointestinal; CQS, Chimonobambusa quadrangularis shoot; FCQS, fermented Chimonobambusa quadrangularis shoot.

Table II. Effect of various samples on serum MTL, ET-1, VIP and AchE levels in a mouse model of activated carbon-induced

constipation.

Level (pg/ml) Normal Control Bisacodyl CQS FCQS
MTL 189.3+£23.6* 89.3+10.7¢ 162.4+17.9° 125.2+14.6¢ 149.8+15.2¢
ET-1 20.1x1.1* 8.2+0.9° 18.2+0.5° 11.0+0.7¢ 15.2+0.8¢
VIP 61.2+4.2* 26.7+£2.8° 51.2+1.9° 38.9+2.7¢ 44 3+1.3¢
AchE 37.8+1.5* 13.5+0.4° 30.6+0.8° 19.3+1.2¢ 26.4+1.1°¢

**Mean values with different letters in the same column are significantly different (P<0.05), as determined by Duncan's multiple range test.
MTL, motilin; ET, endothelin; VIP, vasoactive intestinal peptide; AchE, acetylcholine enzyme; CQS, Chimonobambusa quadrangularis shoot;

FCQS, fermented Chimonobambusa quadrangularis shoot.

Normal

Control

Bisacodyl

CQs

FCQS

Figure 5. Morphological observation of the small intestine in mice following hematoxylin and eosin staining (magnification, x10).

NOS inhibits the release of AchE, and NOS and VIP exhibit
a close morphological relationship that is directly associated
with constipation. Excessive NOS may lead to constipation
and a decrease of other factors that are beneficial to the
intestine (28).

The aim of the present study was to investigate whether
C.quadrangularis shoot has a preventative effect against acti-
vated carbon-induced constipation and whether fermentation

was able to increase this effect in mice. FCQS exhibits
a higher quality of fiber compared with CQS. FCQS-fed
mice exhibited an increased duration between treatment
and the first black stool defecation, as compared with
bisacodyl-treated and normal mice; however FCQS-fed mice
exhibited a shorter duration than CQS-fed and control mice.
The dejection states of FCQS-fed mice were also similar to
the bisacodyl-treated and normal mice. GI transit time was
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Figure 7. Effects of fermented Chimonobambusa quadrangularis shoot (FCQS) on the mRNA and protein expression of TRPV1, GDNF and NOS in small
intestine. Fold-ratio: gene expression/GAPDHx control numerical value (control fold ratio: 1). "P<0.05 and “"P<0.01 vs. control group, as determined by

Duncan's multiple range test.

increased in FCQS-fed mice, as compared with CQS-fed and
control mice; however, FCQS-fed mice exhibited a GI transit
time that was similar to the bisacodyl-treated and normal

mice.

Numerous small intestinal injuries were detected in the
control mice. Although CQS was able to decrease these
injuries, FCQS exhibited a superior recovery than CQS, as

determined by morphological observation. Serum MTL,
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ET-1, VIP and AchE levels of FCQS-fed mice were increased,
as compared with CQS-fed and control mice. FCQS-fed mice
exhibited increased mRNA expression levels of c-Kit, SCF
and GDNF in the small intestine, as compared with CQS-fed
and control mice; whereas TRPV1 and NOS expression levels
in the small intestine of FCQS-fed mice were decreased, as
compared with CQS-fed and control mice.

In conclusion, these findings suggest that FCQS exhibits a
superior preventive effect on activated carbon-induced consti-
pation in mice, as compared with CQS. Further research is
required to fully elucidate the protective effects and dosage
requirements for FCQS as a therapeutic strategy for the treat-
ment of constipation.
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