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Therapeutic effects of Lactobacillus casei Qian treatment
in activated carbon-induced constipated mice
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Abstract. In the present study, the therapeutic effects of
Lactobacillus casei Qian (LC-Qian), the key microorganism
in Tibetan yak yoghurt, on activated carbon-induced consti-
pation were determined in vivo. ICR mice were treated with
LC-Qian for nine days by oral administration. The body
weight, defecation status, gastrointestinal transit and defecation
time of mice were assessed, and the serum levels of motilin
(MTL), gastrin (Gas), endothelin (ET), somatostatin (SS),
acetylcholinesterase (AChE), substance P (SP) and vasoactive
intestinal peptide (VIP) were further evaluated. Bisacodyl
was used as the positive control. The time until the first
black stool defecation following carbon intake of the normal,
control, 100 mg/kg bisacodyl-treated, Lactobacillus bulgar-
icus (LB)-treated, LC-Qian (L)- and LC-Qian (H)-treated mice
was 93,231, 121, 194, 172 and 157 min, respectively. Following
treatment with LC-Qian, the gastrointestinal transit was
increased to 52.4% [LC-Qian (L)] and 65.8% [LC-Qian (H)],
while that in the group treated with the common lactic acid
bacteria of LB was 40.3%. The MTL, Gas, ET, AChE, SP and
VIP serum levels were significantly increased and levels of SS
were reduced in mice following LC-Qian treatment compared
with those in the control mice (P<0.05). Reverse transcription
quantitative polymerase chain reaction indicated that LC-Qian
raised the c-Kit, GDNF as well as SCF mRNA expression levels
and reduced the TRPVI1 and NOS expression levels in tissue
of the small intestine in mice. These results suggested that
lactic acid bacteria prevent constipation in mice, among which
LC-Qian was the most effective.
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Introduction

Yak yogurt is a traditional fermented dairy product from the
Chinese Tibetan area, which has various functions, including
aiding digestion and increasing appetite (1). According to a
previous study, yak yogurt has the ability to lower cholesterol
and prevent cardiovascular and cerebrovascular diseases (2).
Previously, the key microorganism was separated from yak
yoghurt from the Tibetan area, and the lactic acid bacteria was
named Lactobacillus casei Qian (LC-Qian) following identifi-
cation.

Constipation is a common cause of physical discomfort,
and is associated with reduced bowel movements, difficulty
in passing stools and dry feces (3). Previous studies have
used animals with constipation induced by activated carbon
in order to investigate the activities of drugs for constipation
treatment (4,5). When activated carbon enters the intestines,
it attaches to the mucosal surface of the gastrointestinal tract,
reduces gastrointestinal fluid and weakens gastrointestinal peri-
stalsis, which leads to constipation. These conditions leading to
constipation tend to occur in women, and therefore, studies have
used activated carbon to induce constipation in female experi-
mental mice. Farrugia et al (6) reported that large quantities of
activated carbon were able to obstruct the digestive tract. The
present study aimed to determine the constipation-preventing
activity of LC-Qian using a mouse model of activated
carbon-induced constipation. Gastrointestinal (GI) transit, time
of the first black stool defecation following carbon intake, histo-
pathological features, serum levels of motilin (MTL), gastrin
(Gas), endothelin (ET), somatostatin (SS), acetylcholinesterase
(AChE), substance P (SP) and vasoactive intestinal peptide
(VIP), as well as mRNA expression levels of c-Kit, TRPVI,
GDNF, NOS and SCF were determined in the present study.
Bisacodyl is a laxative drug, which acts directly on the colon to
aid intestinal peristalsis and bowel movements (7). Therefore,
bisacodyl is used for relief from constipation and neurogenic
bowel dysfunction, and is used to prepare the bowel prior to
medical examinations. Thus, bisacodyl was selected for use as a
positive control in the animal experiments (8-10).

The present study compared the anti-constipative effects of
LC-Qian with those of Lactobacillus bulgaricus (LB) as a refer-
ence, which is present in common yoghurt. By comparing the
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cholate tolerance and hydrophobic properties of LC-Qian and
LB, the ability of LC-Qian to pass through the stomach and guts
and to adhere to the small intestine was explained. The present
study reported a curative effect of LC-Qian on constipation,
therefore aiding in the development of therapeutically effective
lactic acid bacteria.

Materials and methods

Microorganism strains. LC-Qian was separated from yak
yoghurt from Hongyuan county (Ngawa Prefecture, Sichuan
Province, China) and was preserved at the China Center for
Type Culture Collection (M2013514; Wuhan, Hubei, China).
LB was purchased from the Institute of Microbiology of the
Chinese Academy of Sciences (Beijing, China).

Endurance capacity of lactic acid bacteria. To produce artificial
gastric juice, NaCl (0.2%; Tianjin Dingshengxin Chemical Co.,
Ltd., Tianjin, China) and pepsin (0.35%; Tianjin Dingshengxin
Chemical Co., Ltd.) were added to distilled water and the solu-
tion was adjusted to pH 3.0 using HCI. Various concentrations
of lactic acid bacteria culture (1 ml) were mixed with pH-3.0
artificial gastric juice (9 ml) and the mixture was incubated in a
thermostatic oscillator (SHA-C; Shanghai Gaoxing Equipment
Co., Ltd., Shanghai, China) for 3 h (300 x g; 37°C). A total
of 200 pl incubated mixture was then added to an MRS agar
plate (Hangzhou Baisi Biotechnology Co., Ltd., Hangzhou,
Zhejiang, China) and incubated at 37°C for 48 h. The
colony-forming units (CFUs) were then counted and the
survival rate was calculated (11).

Lactic acid bacterial tolerance of bile salt (oxgal). The
2% lactic acid bacteria culture was added into MRS-thio
(MRS plus 0.2% sodium thioglycolate), and different concen-
trations of oxgall (0, 0.3, 0.5 and 1.0%; Beijing Aoboxing
Bio-tech Co., Ltd., Beijing, China) were added to the solu-
tion. The the mixture was then incubated at 37°C for 24 h and
its optical density value was determined (11).

Hydrophobic properties of lactic acid bacteria. The lactic
acid bacteria culture liquid (5 ml) was centrifuged at
3,000 x g for 10 min. The supernatant was discarded and
5 ml phosphate-buffered saline (PBS; 50 mM, pH 6.5;
Beijing Solarbio Co., Ltd., Beijing, China) was added into
the tube to suspend the lactic acid bacteria. The suspension
was then centrifuged twice at 3,000 x g for 10 min. The lactic
acid bacteria were re-suspended in 8 ml dimethylbenzene
(Liaoning Jiacheng Fine Chemicals Co., Ltd., Shenyang,
Liaoning, China) and 4 ml PBS, and the absorbance of the
aqueous layer was measured at 560 nm (12).

Induction of constipation in mice. The 120 female ICR
mice (seven-week-old) were maintained in a temperature
controlled facility (temperature, 25+2°C; relative humidity
50+5%) with a 12 h light/dark cycle and free access to water
and a standard mouse diet. The mice were randomly divided
into the following six groups: Normal, control, bisacodyl, LB,
LC-Qian (L) and LC-Qian (H). The normal group received
a normal diet and water for 9 days, while the control group
received a normal diet and water for 9 days as well as oral
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Table I. Sequences of reverse transcription polymerase chain
reaction primers used.

Gene name Sequence
c-Kit F: 5'-AGA CCG AAC GCAACT T-3'
R: 5'-GGT GCC ATC CAC TTC A-3'
SCF F: 5-AAA CTG GTG GCG AAT C-3'
R: 5'-CAC GGG TAG CAA GAAC-3'
TRPV1 F: 5-AGC GAG TTC AAA GAC CCA GA-3'
R: 5'-TTC TCC ACC AAG AGG GTC AC-3'
GDNF F: 5-TTT TAT TCA AGC CAC CAT C-3'
R: 5'-AGC CCA AAC CCA AGT CA-3'
NOS F: 5'-CCA CAT CTG GCA GGA TGA GAA-3'
R:5'-AGG CAC AGAACT GAG GGTACA-3'
GAPDH F: 5'-CGG AGT CAA CGG ATT TGG TC-3'

R: 5'-AGC CTT CTC CAT GGT CGT GA-3'

F, forward; R, reverse.

administration of activated carbon (0.2 ml 10% activated
carbon, w/w; dissolved in 10% arabic gum; Tianjin Damao
Chemical Reagent Factory, Tianjin, China) from the sixth to
ninth day at 6 p.m. The bisacodyl group was treated with
100 mg/kg dose bisacodyl by oral administration for 9 days
and activated carbon (as in the control group). Furthermore,
the LB group was fed 1x10° CFU/ml LB suspension (2 ml)
and activated carbon. Finally, the LC-Qian (L) group
was fed 1x10% CFU/ml LC-Qian suspension (2 ml) and
activated carbon, and the LC-Qian (H) group was fed
1x10° CFU/ml LC-Qian suspension (2 ml) and activated
carbon (13). The experiments were performed following
a protocol approved by the Animal Ethics Committee of
Chongqing Medical University (Chongqing, China). The
body weight, stool weight, number and moisture levels were
determined at 9 a.m.

Gl transit and defecation time. The experimental mice were
fasted (with access to water) from the ninth day at 6 p.m. for
16 h, then all groups of mice received activated carbon by
oral administration. After 30 min, all mice were sacrificed
by cervical dislocation and the small intestines, from the
pylorus to the cecum, were collected. The GI transits of mice
were determined as the percentage of the distance traveled
by the activated carbon meal relative to the total length of the
small intestine. The following equation was used to calculate
GI transit: GI transit (%) = distance traveled by the activated
carbon/total length of the small intestine x100.

MTL, Gas, ET, SS, AChE, SP and VIP levels in the serum.
MTL, Gas, ET, SS, AChE, SP and VIP serum levels were
measured using the following radioimmunoassay kits: Motilin
Elisa kit, gastrin Elisa kit, endothelin Elisa kit, somatostatin
Elisa kit, acetylcholinesterase Elisa kit, substance P Elisa
kit and vasoactive intestinal peptide Elisa kit (Beijing Puer
Weiye Biotechnology Co., Ltd., Beijing, China) following the
manufacturer's instructions.
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Table II. Survival in pH 3.0 artificial gastric juice®, hydrophobic properties and growth in bile salt of LC-Qian.
Growth in bile salt® (%)
Survival in pH 3.0 Hydrophobic
Strain artificial gastric juice® (%) properties® (%) 0.3% 0.5% 1.0%
LC-Qian 62.51+7.35¢ 51.30+4.28¢ 11.32+1.48¢ 9.28+1.25¢ 7.86+0.45¢
LB 26.33+£2.73¢ 24 .89+2.32¢ 2.57+0.30¢ 1.52+0.22¢ 1.26+0.25°

*Composed of 0.2% NaCl and 0.35% pepsin in water (pH 3.0); incubation for 3 h at 37°C followed by 48-h growth on agar. ®Solubility of cells
in dimethylbenzene vs. lactic acid solution. ‘Incubation with oxgall for 24 h at 37°C. “*Mean values with different letters are significantly differ-
ence (P<0.05), according to Duncan's multiple range test. Values are expressed as the mean + standard deviation. LC-Qian, Lactobacillus casei
Qian; LB, Lactobacillus bulgaricus.
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Figure 1. Alterations in the body weight of experimental mice. Values are expressed as the mean + standard deviation (n=10 ICR mice in each group).
Bisacodyl, 100 mg/kg body weight; LB, 1.0x10? CFU/kg body weight; LC-Qian (L), 1.0x10* CFU/kg body weight, LC-Qian (H), 1.0x10° CFU/kg body weight.
“*Mean values with different letters are significantly difference (P<0.05), according to Duncan's multiple range test. LB, Lactobacillus bulgaricus; LC-Qian,

Lactobacillus casei Qian; CFU, colony-forming unit.

Reverse transcription polymerase chain reaction (RT-qPCR).
Total RNA was isolated using TRIzol reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's instructions and the concentration was determined using
a ultraviolet spectrophotometer. The RNAs were centrifuged at
12,000 x g for 15 min at 25°C following the addition of chloro-
form. Isopropanol (Liaoning Jiacheng Fine Chemicals Co., Ltd.,
Shenyang, Liaoning, China) was added to the supernatantata 1:1
ratio and the RNA was pelleted by centrifugation (12,000 x g for
15 min at 4°C). Subsequent to washing with ethanol (Liaoning
Jiacheng Fine Chemicals Co., Ltd.), the RNA was solubilized
in diethyl pyrocarbonate (Sigma-Aldrich, St. Louis, MO,
USA)-treated RNase-free water and quantified by measuring
the absorbance at 260 nm using a UV-1750 spectrophotometer
(Shimadzu Corporation, Kyoto, Japan). Equal amounts of RNA
(1 ug) were reverse transcribed in a master mix containing
1X reverse transcriptase buffer (Sigma-Aldrich), desoxyribo-
nucleotidyl triphosphates (1 mM; Sigma-Aldrich), oligodT18
primers (500 ng; Shanghai Haling Biological Technology Co.,
Ltd., Shanghai, China), Moloney murine leukemia virus reverse
transcriptase (140 U; Promega Corporation, Madison, WI, USA)
and RNase inhibitor (40 U; Promega Corporation) for 45 min at
42°C. PCR was then performed in an automatic thermocycler

(Applied Biosystems, Life Technologies, Fisher Thermo
Scientific, Waltham, MA, USA) at 94°C denaturation for 1 min,
annealing at 56°C for 1 min and 30 cycles of 72°C for 1 min.
The sequences of primers are presented in Table I and the PCR
products were separated in 2% agarose gels (Thermo Fisher
Scientific, Waltham, MA, USA) and visualized by ethidium
bromide (Beijing Dingguo Changsheng Biotechnology Co.,
Ltd., Beijing, China) staining. Gene expression was quantified
using ImageJ software version 1.44 (National Institutes of
Health, Bethesda, MD, USA) (14).

Statistical analysis. Values are expressed as the mean + stan-
dard deviation. Differences between the mean values for each
group were analyzed by one-way analysis of variance using
Duncan's multiple range test and P<0.05 was considered to indi-
cate a statistically significant difference. SAS, version 9.2 (SAS
Institute Inc., Cary, NC, USA) was used for statistical analyses.

Results
LC-Qian exhibits improved abilities to overcome biological

barriers and has increased hydrophobicity compared with
LB. Gastrointestinal survival abilities of LC-Qian were



3194

Table III. Fecal properties of mice during the experiment.

ZHAO et al: ANTI-CONSTIPATIVE EFFECT OF LACTOBACILLUS CASEI QIAN

LC-Qian (x10° CFU/kg

body weight)

Treatment Normal Control Bisacodyl LB 05 10
Day 1-6 (dose with samples)

Defecation weight (g) 0.91+0.06 0.92+0.12*  1.04+0.06 0.91+0.07* 0.92+0.05*  0.91+0.04*

Particle counts of feces (n) 36+5° 36+2° 44442 3543° 35+3° 35+4°

Water content of feces (%) 46+5* 477 52+6° 47+5° 48+4* 47+5°
Day 7-9 (High-concentration dose with samples and activated carbon)

Defecation weight (g) 0.92+0.06 0.32+0.03°  0.68+0.07° 0.41+0.04¢ 0.54+0.05°  0.60+0.04°

Particle counts of feces (n) 3747 14434 3343%® 20+4¢ 23+3¢ 28+5°

Water content of feces (%) 4542 14424 3844 20+3¢ 24+4¢ 30+3°

**Mean values with different letters are significantly difference (P<0.05), according to Duncan's multiple range test Values are expressed
as the mean + standard deviation (n=10 ICR mice/group). Bisacodyl, 100 mg/kg body weight; LB, 1.0x10° CFU/kg body weight. LB,
Lactobacillus bulgaricus; LC-Qian, Lactobacillus casei Qian; CFU, colony-forming unit.
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Figure 2. Fecal shapes in experimental mice. Bisacodyl, 100 mg/kg body weight; LB, 1.0x10° CFU/kg body weight; LC-Qian (L), 1.0x10® CFU/kg body weight;
LC-Qian (H), 1.0x10° CFU/kg body weight. LB, Lactobacillus bulgaricus; LC-Qian, Lactobacillus casei Qian; CFU, colony-forming unit.

determined using artificial gastric juice, bile salt and hydro-
phobic property tests. LC-Qian was observed to possess a
significantly higher survival rate in gastric juice, greater
hydrophobicity and enhanced growth in the presence of bile
salt as compared with LB (Table II). In particular, in the
experiment in which bacteria were growth in the presence
of bile salts, the growth of LC-Qian was 7.8-11.3-fold greater
than that of LB.

LC-Qian ameliorates weight reduction in mice with
constipation. The body weight of mice in the normal group
increased during the experiments (Fig. 1). The control mice

also exhibited natural increases in body weight during to the
first six days; however, after the sixth day, the body weight
was significantly reduced (P<0.05). Following treatment with
activated carbon, the body weights of the mice in the bisac-
odyl, LB and LC-Qian groups was also reduced; however,
bisacodyl and LC-Qian were able to significantly ameliorate
these reductions (P<0.05).

LC-Qian ameliorates fecal abnormalities in mice with
constipation. In the first six days, the defecation weight,
particle count of feces and water content of feces in the
different groups were not significantly different (Table IIT).
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Figure 3. Time until the first black stool defecation of mice following the induction of constipation using activated carbon on the last day of the experiment.
Values are expressed as the mean + standard deviation (n=10 ICR mice/group). Bisacodyl, 100 mg/kg body weight; LB, 1.0x10° CFU/kg body weight;
LC-Qian (L), 1.0x10®* CFU/kg body weight; LC-Qian (H), 1.0x10° CFU/kg body weight. *"Mean values with different letters over the bars are significantly
different (P<0.05) according to Duncan's multiple range test. LB, Lactobacillus bulgaricus; LC-Qian, Lactobacillus casei Qian; CFU, colony-forming unit.
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Figure 4. Gastrointestinal transit of mice following the induction of constipation using activated carbon on the last day in the experiment. Images are repre-
sentative of 10 ICR mice in each group. Bisacodyl, 100 mg/kg body weight; LB, 1.0x10° CFU/kg body weight; LC-Qian (L), 1.0x10®* CFU/kg body weight;
LC-Qian (H), 1.0x10° CFU/kg body weight. **Mean values with different letters are significantly difference (P<0.05), according to Duncan's multiple range
test. LB, Lactobacillus bulgaricus; LC-Qian, Lactobacillus casei Qian; CFU, colony-forming unit.

From the seventh day, however, the control mice exhibited
the lowest defecation weight, particle counts of feces and
water content of feces. LC-Qian was able to ameliorate these
effects, with the high concentration of LC-Qian (1.0x10%)
being more effective than the low concentration (Table III,
Fig. 2).

LC-Qian reduces carbon-induced increases in time until first
black stool defecation. The time until the first black stool
defecation of control mice following carbon intake was the
longest at 231+15 min, while it was shortest for the normal
mice at 93+7 min (Fig. 3). LB and LC-Qian (L) were able
to reduce the time until the first defecation of black stool to
19410 and 172+11 min, respectively. The LC-Qian (H) group
exhibited a marked reduction of the time until the first black
stool defecation, namely to 157+14 min, which was similar to
that of the bisacodyl group mice (1218 min).

LC-Qian improves GI transit in constipated mice. The
GI transit of control mice was lowest out of all groups at
21.3+2.2% of that of the normal group (Fig. 4). The lactic acid
bacteria were able to increase the GI transit compared with that
of control mice; LB, LC-Qian (L) and LC-Qian (H) increased

GI transit to 40.3+4.3, 52.4+5.1 and 65.8+4.8%, respectively.
LC-Qian (H) was observed to cause a marginally lower GI
transit than bisacodyl (89.2+6.0%).

LC-Qian partly restores MTL, Gas, ET, SS, AChE, SP and
VIP levels in serum of constipated mice. Following treatment
with activated carbon, the control mice exhibited the highest
SS levels and lowest levels of MTL, Gas, ET, AChE, SP and
VIP (Table IV). The normal mice exhibited opposite trends
compared with those in the control mice. Bisacodyl- and
LC-Qian-treated mice had greater MTL, Gas, ET, AChE,
SP and VIP levels, and lower SS levels than the control mice
(P<0.05). High concentrations of LC-Qian partly restored the
levels of these substances to those of normal mice.

LC-Qian attenuates constipation-induced decreases in the
gene expression of c-Kit and SCF. The c-Kit and SCF mRNA
expression levels in small intestine tissue were measured using
RT-qPCR. The expression levels of c-Kit and SCF in normal
mice were the greatest, while the control mice exhibited the
lowest expression levels (Fig. 5). LC-Qian, particularly at
the high concentration, increased these expression levels
compared with those in control mice (P<0.05).
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Table IV. Serum levels of MTL, Gas, ET, SS, AchE, SP and VIP in experimental mice (pg/ml).

LC-Qian
(x10° CFU/kg body weight)

Substance Normal Control Bisacodyl LB 0.5 1.0

MTL 176.8+10.7 96.3+4.5 159.7+5.8° 110.6+.6.2° 128.6+7.2¢ 139.2+7.5¢
Gas 88.9+3.9* 40.1£2.5° 70.6+2.1° 48.2+£2.0° 57.1£2.6° 65.5+2.3¢
ET 15.2+0.6* 6.7+0.2" 12.8+0.5° 7.7+0.5° 9.1+0.4¢ 9.7+0.6°
SS 35.6+£2.1° 64.1+£3.1* 42 4+2.2¢ 57.1+2.5° 52.1£1.2¢ 46.8+2.61
AchE 352+2.4* 11.3£1.8° 30.1+2.1° 16.2+1.7¢ 18.7+1.2¢ 22.5+0.9¢
SP 68.8+3.7 33.6£2.3" 59.2+1.6° 42.5+1.1¢ 44.0+1.1¢ 48.9+1.6¢
VIP 57.9+2.8 22.3+1 .4 49.0+1.6° 31.7+1.6¢ 36.8+0.7¢ 40.8+1.3¢

Values are expressed as the mean + standard deviation (n=10 ICR mice/group). Bisacodyl, 100 mg/kg body weight; LB, 1.0x10° CFU/kg
body weight; LC-Qian (L), 1x10* CFU/kg body weight; LC-Qian (H), 1.0x10° CFU/kg body weight. “'Mean values with different letters
over the bars are significantly different (P<0.05) according to Duncan's multiple range test. MTL, motilin; Gas, gastrin; ET, endothelin;
SS, somatostatin; AchE, acetylcholine enzyme; SP, substance P; VIP, vasoactive intestinal peptide; LB, Lactobacillus bulgaricus; LC-Qian,

Lactobacillus casei Qian; CFU, colony-forming unit.
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Figure 5. mRNA expression levels of ¢c-Kit and SCF in the small intestine of LC-Qian-treated mice. Bisacodyl, 100 mg/kg body weight; LB, 1.0x10° CFU/kg
body weight; LC-Qian (L), 1x10® CFU/kg body weight; LC-Qian (H), 1.0x10° CFU/kg body weight. Values are expressed as the mean + standard deviation
(n=10 ICR mice/group). “'Mean values with different letters over the bars are significantly different (P<0.05) according to Duncan's multiple range test. LB,
Lactobacillus bulgaricus; LC-Qian, Lactobacillus casei Qian. SCF, Skp, cullin, F-box containing complex; CFU, colony-forming unit.

LC-Qian normalizes gene expression levels of TRPVI,
GDNF and NOS in constipated mice. The TRPVI and NOS
mRNA expression levels in the small intestine tissue of
normal mice were the lowest, while GDNF expression was
the highest (Fig. 6). Active carbon reduced GDNF expression
and raised TRPVI and NOS expression levels. LC-Qian was
able to reduce the influence of these alterations in expression
by active carbon. The mice treated with the high concentra-
tion of LC-Qian exhibited higher GDNF expression levels
but lower TRPV1 and NOS expression levels than those in

the LB- and low concentration of LC-Qian-treated mice
(P<0.05).

Discussion

Functional lactic acid bacteria are used as probiotics in food
and drug manufacture (15). High-quality lactic acid bacteria
which withstand the highly acidic conditions in the stomach
may reach the intestinal tract and colonize in the large intestine
to exert beneficial effects (16). In order to determine whether
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Figure 6. mRNA expression levels of TRPV1, GDNF and NOS in the small intestine of LC-Qian-treated mice. Bisacodyl, 100 mg/kg body weight; LB, 1.0x10°
CFU/kg body weight; LC-Qian (L), 1x10®* CFU/kg body weight; LC-Qian (H), 1.0x10° CFU/kg body weight. Values are expressed as the mean + standard
deviation (n=10 ICR mice/group) “*Mean values with different letters over the bars are significantly different (P<0.05) according to Duncan's multiple range
test. LB, Lactobacillus bulgaricus; LC-Qian, Lactobacillus casei Qian; CFU, colony-forming unit; TRPV1, transient receptor potential cation channel sub-
family V member 1; GDNF, glial cell line-derived neurotrophic factor; NOS, nitric oxide synthase.

lactic acid bacteria are able to proceed through the stomach
and intestine to colonize in the large intestine, the present study
used in vitro model experiments resembling conditions in the
intestinal tract. In vitro experiments assessing acid resistance,
cholate tolerance and hydrophobic properties were used in the
present study to determine the functional effects of the probi-
otics. LC-Qian was observed to exhibit improved properties of
acid resistance, cholate tolerance and hydrophobic properties
compared with the common lactic acid bacterial strain LB,
and these properties suggested that LC-Qian may be an effec-
tive probiotic.

The high cholate tolerance of lactic acid bacteria may enable
them to pass through the stomach and intestine, where they may
exert their functional effects (17). In addition to the effects of
cholate resistance in the small intestine, lactic acid bacteria also
have good hydrophobic properties for lactic acid bacterial adhe-
sion in the mucous membrane of the small intestine (18).

The body weight is used as an index for constipation in
mice. Following treatment with activated carbon in mice, body
weights have been reported to reduce in line with constipa-
tion (13). Bisacodyl is a drug used in constipation therapy,
and owing to its reported efficacy (19), it was used as a posi-
tive control drug in the present study. High concentrations of
LC-Qian were able to reverse the changes in body weight of
constipated mice to near the levels of bisacodyl-treated mice,
and the body weight-preserving activity of LC-Qian was greater
than that of LB.

Patients with constipation commonly exhibit abated peri-
stalsis of the bowels (16,17), and the speed of fecal movement
in the gut significantly slows down, which leads to dry feces

and difficulty in passing stools (13). Due to these symptoms,
the frequency of defecation, amount of defecation and the
moisture content of the feces are factors used to measure the
level of constipation (19). Constipation results in alterations in
defecation, thus, the defecation status in mice was determined
in the present study. The fecal weight was used to examine the
severity of constipation, as constipation reduces the amount of
defecation; furthermore, fecal particle counts gave information
on the level of constipation, as a reduction in fecal particles indi-
cated that gastrointestinal movement may be affected. Finally,
constipation may reduce the water content in the feces; thus,
this index was also used to estimate the severity of constipation.
In the present study, LC-Qian was demonstrated to improve
constipation through normalizing defecation weight, counts of
fecal particles and the water content of feces.

If food remains in the small intestine for a long time period,
it exposes them to harmful bacteria, may make the intestinal
tract prone to sickness and other viscera may be harmed by
substances produced by harmful bacteria (20). Lactic acid
bacteria are able to reduce the pH value, increasing the acid in
the intestinal tract and thereby creating an environment in which
harmful bacteria are unable to survive (21). Lactic acid bacteria
cause alterations in intestinal tract movement and prevent the
production of harmful substances (22); thus, LC-Qian may be
an beneficial lactic acid bacterial strain due to its acid manufac-
turing capability for constipation prevention.

MTL is an important gastrointestinal hormone, which is
able to increase intestinal peristalsis, promote the contrac-
tion of gastric smooth muscle and increase the speed of
transit of intestinal contents through the intestinal tract (23).
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Gas is another important gastrointestinal hormone, which
is able to promote gastrointestinal secretion and gastric
contraction, increase the movements of the gastrointes-
tinal tract and simultaneously promote contraction of the
pyloric sphincter (24). ET is a key factor in the regulation
of cardiovascular function, with a previous study reporting
that maintaining the content of ET prevents acute cardio-
vascular diseases and controls cardiovascular diseases from
worsening by constipation (25). SS is able to stimulate the
secretion of gastric acid, and inhibit pepsin and gastrin
release, which thus aggravates constipation (26). The release
of AChE is beneficial for neural development, thus the colon
intestinal pseudo-obstruction present in neuromuscular
diseases is prevented, therefore reducing constipation (27).
SP is an excitatory neuropeptide, which is able to stimulate
bowel movements (28). Low levels of SP are associated with
the dysfunction of rectal sensation, which increases rectal
compliance and lead to constipation (29). VIP is a neuro-
peptide of neuromodulator and neurotransmitter, which may
prevent the intestinal peristalsis descending (19). Lower levels
of VIP have been reported to affect the content of intestinal
nerves, which leads to constipation. A previous study on
constipation identified that normal patients had higher serum
levels of MTL, Gas, ET, AChE, SP and VIP, and lower SS
serum levels than those of patients with constipation (30).
These studies are in agreement with the results of the animal
experiment performed in the present study.

Interstitial cells of Cajal (ICCs) are mesenchymal cells
present between the intestinal nervous system and smooth
muscle, and have been reported to serve important roles in
the regulation of intestinal nerve signaling to smooth muscle
cells (31). The ICC content in the intestines of patients with
constipation has been observed to be low (32). c-Kit has been
reported to increase the quantity of ICCs to relieve constipa-
tion; therefore, c-Kit was used as a marker to determine
constipation. SCF was able to help to maintain ICCs, as the
SCF content was proportional to ICC survival (33). A previous
study demonstrated that constipation reduced the c-Kit and
SCF expression levels in the colon tissue of mice (34). The
present study provided similar results, as c-Kit and SCF
mRNA expression levels in the constipation control mice were
the lowest, and LC-Qian was able to increase these expression
levels in the colon tissue of mice.

TRPVI1 is a mediating factor between absorption and
bowel movement. Following the activation of TRPVI,
neurotransmitters are released, and these processes result
in movement disorders of the small intestine. Intestinal
damage causes increases in TRPV1 levels, and a clinical
study showed that following injury of the intestines and
movement disorder patients showed high TRPV1 levels (35).
GDNF protein controls the growth and development of
nerve cells, and it has further effects on the protection
and restoration of injured nervous fibers. GDNF also has a
functional effect on ganglion cell adjustment. Injured intes-
tines can be repaired through increases in GDNF levels,
and constipation can also be inhibited through increases in
GDNEF levels (36).

NOS causes endogenous NO release, is present in all
gastrointestinal tissues and has an important regulatory effect
on gastrointestinal movement. The discomfort resulting from
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colonic motility disorder in STC patients can be reduced
by decreasing NO, and constipation may be controlled
by reducing the content of NOS (37). In the present study,
LC-Qian showed marked effects on the control of constipa-
tion in mice as indicated by an increase in GDNF expression
and a reduction in TRPV1 and NOS expression.

The present study used an animal experimental model of
constipation induced by activated carbon to detect the effect
of LC-Qian on constipation. The results demonstrated that
LC-Qian had improved acid resistance, cholate tolerance and
hydrophobic properties when compared with LB, and that the
time until the first black stool defecation was decreased for
the LC-Qian treated mice compared with that of the control
mice. LC-Qian-treated mice exhibited an increased GI transit
and the mice treated with high concentrations of LC-Qian
exhibited a GI transit similar to that of bisacodyl-treated
mice. LC-Qian-treated mice were observed to have higher
MTL, Gas, ET, AChE, SP and VIP serum levels than those of
control mice and LB-treated mice, and the SS levels exhib-
ited opposite trends. The mRNA levels of c-Kit, SCF and
GDNF in LC-Qian-treated mice were greater than those in
the control mice, while TRPV1 and NOS expression levels
were lower than those in the control mice. The results of the
present study therefore indicated that the effect of LC-Qian
is significantly higher than that of the commonly used LB
probiotic. Therefore, LC-Qian is suggested as an effective
potential probiotic to prevent and treat constipation.
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