
applied  
sciences

Article

Preventive Effect of Lactobacillus Plantarum CQPC10
on Activated Carbon Induced Constipation in
Institute of Cancer Research (ICR) Mice

Jing Zhang 1,2,3,†, Xianrong Zhou 3,4,†, Benshou Chen 2, Xingyao Long 3,5, Jianfei Mu 3,4,
Yanni Pan 3,5, Jia-Le Song 6, Xin Zhao 1,3,* ID and Zhennai Yang 1,*

1 Beijing Advanced Innovation Center for Food Nutrition and Human Health,
Beijing Technology & Business University (BTBU), Beijing 102488, China; zjinger0810@126.com

2 Environmental and Quality Inspection College, Chongqing Chemical Industry Vocational College,
Chongqing 401228, China; cbs7575@sina.com

3 Chongqing Collaborative Innovation Center for Functional Food, Chongqing University of Education,
Chongqing 400067, China; zhouxr@foods.ac.cn (X.Z.); longyaoyao@foods.ac.cn (X.L.);
mujianfei@foods.ac.cn (J.M.); panyanni@foods.ac.cn (Y.P.)

4 College of Food Science, Southwest University, Chongqing 400715, China
5 Department of Food Science and Biotechnology, Cha University, Seongnam 13488, Gyeongghi-do, Korea
6 Department of Nutrition and Food Hygiene, School of Public Health, Guilin Medical University, Guilin,

Guangxi 541004, China; songjiale@glmc.edu.cn
* Correspondence: zhaoxin@cque.edu.cn (X.Z.); yangzhennai@th.btbu.edu.cn (Z.Y.);

Tel.: +86-23-6265-3650 (X.Z.); +86-10-6898-5235 (Z.Y.)
† These authors contributed equally to this work.

Received: 13 August 2018; Accepted: 28 August 2018; Published: 1 September 2018
����������
�������

Abstract: Chinese Paocai is a traditional fermented food containing an abundance of beneficial
microorganisms. In this study, the microorganisms in Szechwan Paocai were isolated and identified,
and a strain of lactic acid bacteria (Lactobacillus plantarum CQPC10, LP-CQPC10) was found to exert
an inhibitory effect on constipation. Microorganisms were isolated and identified via 16S rDNA.
Activated carbon was used to induce constipation in a mouse model and the inhibitory effect of
LP-CQPC10 on this induced constipation was investigated via both pathological sections and qPCR
(quantitative polymerase chain reaction). A strain of Lactobacillus plantarum was identified and
named LP-CQPC10. The obtained results showed that, as compared to the control group, LP-CQPC10
significantly inhibited the amount, weight, and water content of faeces. The defecation time of the first
tarry stool was significantly shorter in LP-CQPC10 groups than in the control group. The activated
carbon progradation rate was significantly higher when compared to the control group and the
effectiveness was improved. LP-CQPC10 increased the serum levels of MTL (motilin), Gas (gastrin),
ET (endothelin), AchE (acetylcholinesterase), SP (substance P), and VIP (vasoactive intestinal peptide),
while decreasing the SS (somatostatin) level. Furthermore, it improved the GSH (glutathione) level
and decreased the MPO (myeloperoxidase), MDA (malondialdehyde), and NO (nitric oxide) levels.
The results of qPCR indicated that LP-CQPC10 significantly up-regulated the mRNA expression levels
of c-Kit, SCF (stem cell factor), GDNF (glial cell-derived neurotrophic factor), eNOS (endothelial
nitric oxide synthase), nNOS (neuronal nitric oxide synthase), and AQP3 (aquaporin-3), while
down-regulating the expression levels of TRPV1 (transient receptor potential cation channel subfamily
V member 1), iNOS (inducible nitric oxide synthase), and AQP9 (aquaporin-9). LP-CQPC10 showed
a good inhibitory effect on experimentally induced constipation, and the obtained effectiveness is
superior to that of Lactobacillus bulgaricus, indicating the better probiotic potential of this strain.
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1. Introduction

The preparation of Sichuan Paocai (fermented Chinese cabbage) follows a number of steps: fresh
vegetables are washed and sealed in a jar for anaerobic fermentation in salt water [1]. Salt water plays
a very important role for the exudation of vegetable juice and the soluble components are metabolized
by lactic acid bacteria (saccharides and nitrogen substance). Acidic substances are generated and flavor
components are metabolized, causing the unique crispy taste of Paocai [2]. An abundance of natural
lactic acid bacteria can be found in Paocai, which play a central role in the formation of both flavor and
quality [3]. Several lactic acid bacteria are also used as probiotics with a number of excellent health
benefits for humans, including the prevention of constipation, colitis, liver injury, and diabetes [4–7].
The difference in the types of lactic acid bacteria is caused by many factors, such as areas, climate,
and the method of preparation. To better utilize these microorganisms, methods for isolation and
identification should be further developed in order to accumulate these abundant bacterial resources for
the development of probiotics. The microorganisms in Sichuan Paocai include Lactobacillus plantarum,
Lactobacillus casei, Saccharomyces cerevisiae, and Lactobacillus acidophilus, Brevibacterium spec. [8–10].
Several Paocai variations are common in the East Asian region. The lactic acid bacteria in Paocai are
good leavening agents and they can be used to ferment food, as well as to prepare functional foods
due to their bioactivity. The microorganisms that were used in this study (lactic acid bacteria) were
isolated and identified from Sichuan Paocai.

With the exception of probiotics, the intestinal tract contains several harmful bacterial species.
Under normal conditions, these are at a state of equilibrium [11]. The probiotics in the intestinal tract
participate in the digestion, preventing dyspepsia and digestive tract dysfunction [12]. Mediated by
the lactic acid metabolism, lactic acid bacteria can effectively inhibit both the growth and reproduction
of harmful bacteria in the gastrointestinal tract and maintain the intestinal ecological balance and
normal function. Imbalance within the intestinal lactic acid bacteria is related to chronic diarrhea,
constipation, abdominal distension, and dyspepsia [13]. Lactic acid bacteria cannot only activate
phagocytosis of macrophages, but they also play an important role in intestinal colonization. Lactic
acid bacteria stimulate peritoneal macrophages, induce interferon, promote cell division, generate
antibodies, promote cellular immunity, improve both the non-specific and specific immune response,
and improve the body's ability to restore tissue damage and malfunction [14,15]. Constipation is a
problematic medical condition that manifests as a difficulty to defecate and dryness of faeces [16].
Constipation leads to slow intestinal peristalsis and an increase of harmful bacteria, which cause
additional intestinal tract diseases [17]. Lactic acid bacteria have been used to remedy constipation,
because they can generate organic acids within the intestinal tract, repair and promote the intestinal
function, reduce the pH in the enteric cavity, regulate neuromuscular activity, improve the peristalsis
function of the intestinal tract, and promote both digestion and absorption. Moreover, they can
effectively inhibit the proliferation of putrefying bacteria in the intestinal tract and improve the
intestinal environment, softening the faeces, thus facilitating defecation [18].

Constipation is more of a bad state of life, intestinal regulation by probiotics can effectively
prevent constipation, but there are not many probiotics with a better constipation prevention effect,
from the traditional fermented food to find more effective strains of bacteria is the focus of current
research. In this study, activated carbon influenced the normal physiology of the small intestine,
leading to constipation in mice. An inhibitory effect of LP-CQPC10 on constipation was observed,
and the mechanism of this effect was investigated with experiments of molecular biology, which
provided a theoretical basis for the application of this bacterial strain.

2. Materials and Methods

2.1. Isolation and Identification of Lactic Acid Bacteria

In this experiment, pickled vegetables were collected from naturally fermented pickles that were
sold in the market of Nan’an District, Chongqing, China. Paocai water solution (1 mL) was 10-fold
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diluted with sterile physiological saline to 10−6, and 100 µL of solutions were spread at 10−4, 10−5,
and 10−6 on a plate and incubated at 37 ◦C for 24–48 h. The morphology of bacterial colonies was
recorded. Colonies with different morphologies were picked and streaked. After 48 h at 37 ◦C, a single
colony was picked and streaked again, and the step was repeated three times until a single colony with
consistent morphology was obtained. The pure colony was seeded with MRS culture medium (5 mL)
and cultured at 37 ◦C for 24 h. 1 mL of the above culture medium containing bacteria was centrifuged
at 4000 rpm/min for 10 min. The supernatant was discarded and bacteria were resuspended with
sterile physiological saline and then stained. The suspicious purified target strain was seeded into
MRS broth. After 18–24 h at 37 ◦C, DNA (Tiangen Biotech (Beijing) Co., Ltd., Beijing, China) was
extracted. 16S rDNA was amplified via polymerase chain reaction (PCR), using 1 µL upstream primer
27F (5′-AGAGTTTGATCCTG GCTCAG-3′, SEQ ID No. 1), 1 µL down-stream primer (Thermo Fisher
Scientific, Inc., Waltham, MA, USA) 1495R (5′-CTACGGCTACCTTGTTACGA-3′, SEQ ID No. 2),
12.5 µL 2×Taq plus Buffer, and 1 µL template DNA. The system was filled to 25 µL with sterile
ddH2O. Sterile ultrapure water was used to replace template DNA as negative control. Amplification
conditions were: 94 ◦C, 5 min; 94 ◦C, 30 s; 55 ◦C, 30 s; 72 ◦C, 1 min; 29 cycles; finally, 72 ◦C for 5 min.
5 µL of the amplified product was used for agarose gel electrophoresis (agarose concentration 1.5%,
electrophoresis 110 V, 45 min, SimpliAmp Thermal Cycler, Thermo Fisher Scientific, Inc., Waltham,
MA, USA). Then, the amplification products of 16S rDNA were sequenced [19]. Meanwhile, the abilities
of microorganisms to resist artificial gastric acid and bile salt were detected by Chen’s method [6].

2.2. Animal Experiment

Sixty SPF grade Institute of Cancer Research (ICR) female mice (six weeks old) were purchased
from Chongqing Medical University. The mice were raised at room temperature 25 ± 2 ◦C, relative
humidity 50 ± 5%, 12 h day/night cycle, and acclimated for one week. After acclimation, 50 mice
were divided into five groups (n = 10): normal group, model group, Lactobacillus bulgaricus (LB) group,
Lactobacillus plantarum CQPC10 low concentration group (LP-CQPC10-L) group, and Lactobacillus
plantarum CQPC10 high concentration group (LP-CQPC10-H). The experimental cycle was 18 days.
Physiological saline was administrated to mice in normal and model groups daily via gavage. Those
that were in the LB group were administrated with LB at 1.0× 109 CFU/kg, and those in LP-CQPC10-L
group and LP-CQPC10-H group were administrated with LP-CQPC10 at 1.0 × 108 CFU/kg and
1.0 × 109 CFU/kg, respectively. From Day 15 to 17, except for mice in the normal group, mice were
administrated with 10% activated carbon ice water (0.2 mL) via gavage every day. All the mice were
weighted every day. The faeces were collected and the fecal moisture content was calculated. At Day
17 after gavage, all the mice were fasted but had free access to water for 24 h. At Day 18, all mice
were administrated with 0.2 mL ice water via gavage containing 10% activated carbon. The mice in
each group were divided into two groups, the defecation times of the first tarry stool of five mice
were observed after the administration of activated carbon ice water. The remaining five mice were
sacrificed 30 min after gavage, and their plasma was collected. The small intestine from the pylorus
to the ileocecal junction was taken and the length of the small intestine and the forward distance of
activated carbon in the small intestine were measured. The progradation rate was calculated following
published procedures, progradation rate (%) = length of gastrointestinal (GI) transit (cm)/length of
small intestine (cm) × 100% [20]. The protocol for these experiments was approved by the Animal
Ethics Committee of Chongqing Medical University in 5 March 2015 and the animal permit number is
SYXK (Yu) 2017-0001.

2.3. Detection for Serum MTL, Gas, ET, AchE, SP, and VIP Levels

The plasma was left to settle for 1 h and then centrifuged at 4500 rpm/min for 15 min. The serum
levels of MTL, Gas, ET, SS, AChE, SP, and VIP were measured with relevant kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China).
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2.4. Detection of MPO, NO, MDA, and GSH Levels in Small-Intestine Tissue

Small-intestine tissues were homogenized and the levels of MPO, NO, MDA, and GSH were
measured with relevant kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).

2.5. Histopathology of the Small Intestine

Small intestine tissue with a size of 0.5 cm2 was taken and immediately placed into 10% formalin
for 48 h. Tissue samples were dehydrated, cleared via xylene, immersed in wax, embedded, sectioned,
and stained via H&E. Their morphology was observed under an optical microscope (BX43, Olympus,
Tokyo, Japan).

2.6. Quantitative PCR (qPCR) Assay

The total RNA from the small intestine was extracted while following the instructions of the Trizol
kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Both the purity and concentration of total
RNA were measured via ultramicrospectrophotometer and the RNA concentration was standardized
to one level (1 µg/µL). An RNA sample (1 µg/µL) was mixed with 1 µL (oligo) primer dT and 10 µL
ultrapure water (Thermo Fisher Scientific, Inc., Waltham, MA, USA) and then mixed at 65 ◦C for 5 min.
Then, the system was MIXED with 1 µL Ribolock RNase Inhibitor, 2 µL 100 mM dNTP mix, 4 µL
5×Reaction buffer, and 1 µL Revert Aid M-mu/v RT, respectively. The whole 20 µL mixture was used
to synthesize cDNA at 42 ◦C for 60 min, and 70 ◦C for 5 min. The target genes (Table 1, Thermo Fisher
Scientific, Inc., Waltham, MA, USA) were reversely transcribed and amplified. The reaction conditions
were: 95 ◦C degeneration for 15 min, 60 ◦C annealing for 1 h, 95 ◦C extension for 15 min, for a total of
40 cycles. GAPDH was used as a housekeeping gene and the relative expression level of the target
gene was calculated via 2−∆∆CT method [21].

Table 1. Sequences of primers used in this study.

Gene Name Sequence

Cu/Zn-SOD
Forward: 5′-GAAGAGAGGCATGTTGGAGA-3′

Reverse: 5′-CCAATTACACCACGAGCCAA-3′

Mn-SOD
Forward: 5′-TTCAATAAGGAGCAGGGAC-3′

Reverse: 5′-CAGTGTAAGGCTGACGGTTT-3′

CAT
Forward: 5′-GGAGGCGGGAACCCAATAG-3′

Reverse: 5′-GTGTGCCATCTCGTCAGTGAA-3′

c-Kit
Forward: 5′-CATAGCCCAGGTAAAGCACAAT-3′

Reverse: 5′-GAACACTCCAGAATCGTCAACTC-3′

SCF
Forward: 5′-TCAGGGACTACGCTGCGAAAG-3′

Reverse: 5′-AAGAGCTGGCAGACCGACTCA-3′

TRPV1
Forward: 5′-CCGGCTTTTTGGGAAGGGT-3′

Reverse: 5′-GAGACAGGTAGGTCCATCCAC-3′

GDNF
Forward: 5′-GGGGTATGGAGAAGTTGGCTAG-3′

Reverse: 5′-CTATGAGAATGCTGCCGAAAA-3′

nNOS
Forward: 5′-GAG AGG ATT CTG AAG ATG AGG-3′

Reverse: 5′-TTG CTA ATG AGG GAG TTG TTC-3′

eNOS
Forward: 5′-TGT TTG TCT GCG GCG ATG T-3′

Reverse: 5′-GGG TGC GTA TGC GGC TTG TC-3′

iNOS
Forward: 5′-CAT TGG AAG TGA AGC GTT TCG-3′

Reverse: 5′-CAC AGA ACT GAG GGT ACA-3′

AQP3
Forward: 5′-CCT CTG GAC ACT TGG ATA TGA T-3′

Reverse: 5′-GGG ACG GGG TTG TTG TAG-3′

AQP9
Forward: 5′-CTC CTG ATT ATT GTC ATT GC-3′

Reverse: 5′-ATC CAC CAG AAG TTG TTT-3′

GAPDH
Forward: 5′-TGC ACC ACC AAC TGC TTA G-3′

Reverse: 5′-GAT GCA GGG ATG ATG TTC-3′

Cu/Zn-SOD: cuprozinc-superoxide dismutase; Mn-SOD: manganese superoxide dismutase; CAT: catalase;
SCF: stem cell factor; TRPV1: transient receptor potential cation channel subfamily V member 1; GDNF:
glial cell-derived neurotrophic factor; nNOS: neuronal nitric oxide synthase; eNOS: endothelial nitric oxide
synthase; iNOS: inducible nitric oxide synthase; AQP3: Aquaporin-3; AQP9: Aquaporin-9; GAPDH:
glyceraldehyde-3-phosphate dehydrogenase.
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2.7. Statistical Analysis

The standard deviation was obtained after calculating the data of each group. Then, the significant
differences (p < 0.05) between the data of each group were analyzed by one-way ANOVA with
Duncan’s multiple range tests, this analysis used the SAS v9.1 statistical software (SAS Institute Inc.,
Cary, NC, USA).

3. Results

3.1. Isolation and Identification of LP-CQPC10

The lane of the strain shows a band with about 1500 bp (Figure 1), meeting the expectation of
amplification fragment length. BLAST (Basic Local Alignment Search Tool) from NCBI was used to
compare sequences. The results showed that LF-CQPC10 was lactic acid bacteria with a homology of
99% with Lactobacillus plantarum CQPC10 (LP-CQPC10) (Gene Bank, NC_010610.1).
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Figure 1. The 16S rDNA agarose gel electrophoresis of PCR amplified product of Lactobacillus plantarum
CQPC10. M: 2000 bp DNA Ladder; 0: negative control group; 1: Lactobacillus plantarum CQPC10.

3.2. Defecation of Mice

In this study, 11 kinds of lactic acid bacteria were found, including five kinds of Lactobacillus
plantarum and six kinds of Lactobacillus fermentum. As shown in Table 2, the LP-CQPC10 showed higher
survival rates in pH 3.0 artificial gastric juice and 0.3% bile salt. LP-CQPC10 had good anti gastric acid
and bile salt effects, and was worthy of further probiotic potential experiments.

Table 2. Abilities of stanins to resist artificial gastric acid and bile salt.

Groups Survival Rate in pH 3.0 Artificial Gastric Juice (%) Survival Rate in 0.3% Bile Salt (%)

LB 34.18 ± 1.92 4.68 ± 0.31
LP-CQPC10 96.77 ± 2.83 11.23 ± 1.10

Values presented are the mean ± standard deviation. LB: Lactobacillus bulgaricus; LP-CQPC10: Lactobacillus
plantarum CQPC10.

3.3. Defecation of Mice

As shown in Table 3, at Day 14, the weight, amount, and water content between groups did not
significantly change. After activated carbon caused constipation, except in the mice in the normal group,
other mice had significantly reduced defecation amount, weight, and water content. The reduction in
the control group was highest, while that in the LF-CQPC010-H group was the lowest. The indices in
the LF-CQPC010-L were significantly higher than those in the LB group.
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Table 3. Stool status of mice treated with soybean milk during the experiment.

Groups Normal Control LB LP-CQPC10-L LP-CQPC10-H

1–14 d (lactic acid bacteria administration period but not induction of constipation)
Stool weight (g) 1.08 ± 0.04 a 1.09 ± 0.05 a 1.06 ± 0.06 a 1.08 ± 0.05 a 1.03 ± 0.06 a

Particle count of stool 44 ± 4 a 45 ± 3 a 43 ± 4 a 44 ± 2 a 45 ± 4 a

Water content of stool (%) 50 ± 4 a 49 ± 5 a 52 ± 5 a 51 ± 3 a 52 ± 3 a

15–17 d (lactic acid bacteria administration period, induction of constipation)
Stool weight (g) 1.12 ± 0.05 a 0.52 ± 0.09 e 0.78 ± 0.05 d 0.84 ± 0.03 c 0.93 ± 0.04 b

Particle count of stool 52 ± 3 a 23 ± 5 d 35 ± 4 c 41 ± 4 b,c 48 ± 3 b

Water content of stool (%) 51 ± 3 a 20 ± 5 d 31 ± 3 c 36 ± 4 b,c 44 ± 2 b

Values presented are the mean ± standard deviation. a–d Mean values with different letters in the same row are
significantly different (p < 0.05) according to Duncan’s multiple-range test. LB: Lactobacillus bulgaricus (1.0 × 109

colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-L: Lactobacillus plantarum CQPC10 (1.0 × 108

colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-H: Lactobacillus plantarum CQPC10 (1.0 × 109

colony-forming unit (CFU)/kg body weight (bw)).

3.4. Defecation Time of the First Black Stool

To evaluate the influence of LF-CQPC10 on the defecation of mice induced by activated carbon,
the defecation times of the first black stool were recorded for all mice after the mice received activated
carbon via gavage for the last time. As shown in Figure 2, the time in the control group was the longest,
which was significantly (p < 0.05) longer than those in the normal group. For the other three groups,
although the time was longer than in the normal group, only the model group showed a significant
difference (p < 0.05). The defecation time of the first tarry stool in the mice that were administrated
with LF-CQPC10-H was significantly shorter than in the group administrated with LF-CQPC10-L
and LB.
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deviation. a–e Mean values with different letters in the same bars are significantly different (p < 0.05)
according to Duncan’s multiple-range test. LB: Lactobacillus bulgaricus (1.0 × 109 colony-forming unit
(CFU)/kg body weight (bw)); LP-CQPC10-L: Lactobacillus plantarum CQPC10 (1.0× 108 colony-forming
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3.5. Activated Carbon Progradation Rate in the Small Intestine

At 30 min after 10% activated carbon ice water administration via gavage, the mice were sacrificed
in order to observe the forward distance of the activated carbon in the small intestine, and thus
calculate the progradation rate. As shown in Table 4, the length of the small intestine between each
group did not show a significant difference, suggesting that activated carbon modeling does not
influence the small intestine length. The progradation rate in the control group was significantly lower
than that in the normal group (p < 0.05). The activated carbon progradation rates in mice from LB,
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LF-CQPC10-L, and LF-CQPC10-H groups were significantly improved as compared to those of the
control group (p < 0.05), and the rate of the LF-CQPC10-H group was the closest to that of the normal
group. This suggests that LF-CQPC10 could promote small intestine peristalsis, accelerate the forward
speed of activated carbon in the small intestine, reduce the detention time in the small intestine,
and improve constipation. The concentration was positively correlated to effectiveness.

Table 4. Gastrointestinal (GI) transit in mice with activated carbon-induced constipation.

Groups Length of Small
Intestine (cm)

Length of GI Transit
(cm)

Activated Carbon
Progradation Rate (%)

Normal 43.3 ± 2.2 a 41.8 ± 2.3 a 96.5 ± 2.2 a

Control 43.4 ± 2.4 a 14.2 ± 2.6 e 32.7 ± 2.4 e

LB 43.7 ± 2.6 a 26.8 ± 2.5 d 61.3 ± 2.3 d

LP-CQPC10-L 43.5 ± 1.7 a 31.3 ± 2.0 c 72.0 ± 1.8 c

LP-CQPC10-H 43.6 ± 2.4 a 37.9 ± 2.2 b 86.9 ± 2.2 b

Values presented are the mean ± standard deviation. a–e Mean values with different letters in the same row are
significantly different (p < 0.05) according to Duncan’s multiple-range test. LB: Lactobacillus bulgaricus (1.0 × 109

colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-L: Lactobacillus plantarum CQPC10 (1.0 × 108

colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-H: Lactobacillus plantarum CQPC10 (1.0 × 109

colony-forming unit (CFU)/kg body weight (bw)).

3.6. Serum MTL, Gas, ET, SS, AchE, SP, and VIP Levels

As shown in Table 5, the serum MTL, Gas, ET, AchE, SP, and VIP levels in mice of the normal
group were highest; however, the SS level was the lowest. However, those in the control group follow
opposite trends. When compared to the model group, MTL, Gas, ET, Ach E, SP, and VIP levels in
the LB, LF-CQPC10-L and LF-CQPC10-H groups are significantly improved (p < 0.05), and the SS level
is significantly reduced (p < 0.05), especially in the LF-CQPC10-H group.

Table 5. MTL, ET, SS, AchE, and Gas serum levels in mice with activated carbon-induced constipation.

Levels (pg/mL) Normal Control LB LF-CQPC10-L LF-CQPC10-H

MTL 205.3 ± 17.3 a 56.7 ± 5.9 e 83.6 ± 14.1 d 122.3 ± 11.8 c 178.2 ± 15.3 b

Gas 131.2 ± 12.5 a 32.0 ± 3.9 e 61.3 ± 8.3 d 81.4 ± 5.1 c 102.3 ± 7.7 b

ET 42.1 ± 3.3 a 4.6 ± 0.8 e 12.3 ± 1.1 d 23.6 ± 2.1 c 32.6 ± 2.5 b

SS 25.7 ± 2.6 e 90.3 ± 5.6 a 62.3 ± 3.6 b 46.7 ± 3.2 c 33.7 ± 1.6 d

AchE 53.2 ± 3.3 a 7.6 ± 2.1 e 23.4 ± 2.4 d 34.7 ± 2.1 c 41.8 ± 2.4 b

SP 88.6 ± 4.9 a 26.7 ± 3.5 e 50.3 ± 3.5 d 61.3 ± 2.4 c 69.7 ± 3.0 b

VIP 84.6 ± 2.3 a 22.7 ± 3.2 e 40.3 ± 2.8 d 53.6 ± 2.9 c 73.1 ± 3.0 b

Values presented are the mean ± standard deviation. a–e Mean values with different letters in the same row are
significantly different (p < 0.05) according to Duncan’s multiple-range test. LB: Lactobacillus bulgaricus (1.0 × 109

colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-L: Lactobacillus plantarum CQPC10 (1.0 × 108

colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-H: Lactobacillus plantarum CQPC10 (1.0 × 109

colony-forming unit (CFU)/kg body weight (bw)). MTL, motilin; Gas, gastrin; ET, endothelin; SS, somatostatin;
AchE, acetylcholinesterase; SP, substance P; and VIP, vasoactive intestinal peptide.

3.7. MPO, NO, MDA, and GSH Levels in the Small-Intestine Tissue

The GSH levels in the control group were the lowest, while the levels of MPO, NO, and MDA
were the highest (Table 6). However, the normal group showed the contrary trend. LB, LF-CQPC10-L,
and LF-CQPC10-H significantly improved the GSH level, while reducing the MPO, NO, and MDA
levels in the constipation mice group (p < 0.05). When compared to LB and LF-CQPC10-L,
LF-CQPC10-H greatly improved the GSH level and decreased MPO, NO, and MDA levels.
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Table 6. MPO, NO, MDA, and GSH levels in the small-intestine tissue of mice with activated
carbon-induced constipation.

Group MPO (mU/mg) NO (µmol/gprot) MDA (nmol/mg) GSH (µmol/mg)

Normal 3.3 ± 0.4 e 0.4 ± 0.1 e 0.5 ± 0.1 e 11.3 ± 0.5 a

Control 22.6 ± 2.1 a 2.3 ± 0.3 a 2.1 ± 0.3 a 4.4 ± 0.5 e

LB 15.3 ± 1.7 b 1.7 ± 0.3 b 1.6 ± 0.3 b 6.7 ± 0.3 d

LF-CQPC10-L 11.8 ± 1.4 c 1.2 ± 0.2 c 1.2 ± 0.2 c 7.2 ± 0.2 c

LF-CQPC10-H 8.2 ± 0.9 d 0.7 ± 0.1 d 0.8 ± 0.2 d 9.7 ± 0.4 b

Values presented are the mean ± standard deviation. a–e Mean values with different letters in the same row are
significantly different (p < 0.05) according to Duncan’s multiple-range test. LB: Lactobacillus bulgaricus (1.0 × 109

colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-L: Lactobacillus plantarum CQPC10 (1.0 × 108

colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-H: Lactobacillus plantarum CQPC10 (1.0 × 109

colony-forming unit (CFU)/kg body weight (bw)). MPO: myeloperoxidase; NO: nitric oxide; GSH: glutathione;
MDA: malondialdehyde.

3.8. Morphological Observation of Small-intestine Tissue

As shown in Figure 3, the intestinal villus in the normal group was orderly arranged without
rupture or shrinkage; however, the opposite result was found in the control group. Although the
intestinal villus in the LB, LF-CQPC10-L, and LF-CQPC10-H groups showed rupture or shrinking to a
certain extent, it was still more complete than in the control group. Moreover, the morphology of the
intestinal villi in the LF-CQPC10-H group was consistent with that of the normal group.
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Figure 3. Morphological observation of small-intestine tissue in mice with activated carbon-induced
constipation. LB: Lactobacillus bulgaricus (1.0 × 109 colony-forming unit (CFU)/kg body weight (bw));
LP-CQPC10-L: Lactobacillus plantarum CQPC10 (1.0 × 108 colony-forming unit (CFU)/kg body weight
(bw)); LP-CQPC10-H: Lactobacillus plantarum CQPC10 (1.0 × 109 colony-forming unit (CFU)/kg body
weight (bw)).

3.9. mRNA Expression Levels of Cu/Zn-SOD, Mn-SOD, and CAT in Small-Intestine Tissue

As shown in Figure 4, the expression of Cu/Zn-SOD, Mn-SOD, and CAT is the highest in the
normal group. After constipation is induced by activated carbon, their expression was significantly
reduced (p < 0.05). LB, LF-CQPC10-L, and LF-CQPC10-H significantly up-regulated the expression of
Cu/Zn-SOD, Mn-SOD, and CAT (p < 0.05), particularly LF-CQPC10-H.
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Figure 4. mRNA expression levels of Cu/Zn-SOD, Mn-SOD and CAT in the small-intestine tissue
of mice. Values presented are the mean ± standard deviation. a–e Mean values with different
letters in the same bars are significantly different (p < 0.05) according to Duncan’s multiple-range
test. LB: Lactobacillus bulgaricus (1.0 × 109 colony-forming unit (CFU)/kg body weight (bw));
LP-CQPC10-L: Lactobacillus plantarum CQPC10 (1.0 × 108 colony-forming unit (CFU)/kg body
weight (bw)); LP-CQPC10-H: Lactobacillus plantarum CQPC10 (1.0 × 109 colony-forming unit (CFU)/kg
body weight (bw)).

3.10. mRNA Expression Levels of c-Kit and SCF in Small-Intestine Tissue

As shown in Figure 5, c-Kit and SCF mRNA expression was highest in the normal group.
Treatment with lactic acid bacteria up-regulated this expression and the capability of LF-CQPC10-H
on the regulation was stronger than that of LB and LF-CQPC10-L.
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Figure 5. mRNA expression levels of c-Kit and CSF in the small-intestine tissue of mice. Values
presented are the mean ± standard deviation. a–e Mean values with different letters in the same
bars are significantly different (p < 0.05) according to Duncan’s multiple-range test. LB: Lactobacillus
bulgaricus (1.0 × 109 colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-L: Lactobacillus
plantarum CQPC10 (1.0 × 108 colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-H:
Lactobacillus plantarum CQPC10 (1.0 × 109 colony-forming unit (CFU)/kg body weight (bw)).

3.11. mRNA Expression Levels of TRPV1 and GDNF in Small-Intestine Tissue

As shown in Figure 6, GDNF expression in the normal group was strongest, while TRPV1
expression was weakest. After induction of constipation, GDNF expression decreased in the control
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group, while TRPV1 expression increased. LB, LF-CQPC10-L, and LF-CQPC10-H could all up-regulate
the expression of GDNF and down-regulate the expression of TRPV1. Moreover, the LF-CQPC10-H
capability of up-regulation and down-regulation was higher than that of LB and LF-CQPC10-L.
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Figure 6. mRNA expression levels of TRPV1 and GDNF in the small-intestine tissue of mice. Values
presented are the mean± standard deviation. a–e Mean values with different letters in the same bars are
significantly different (p < 0.05) according to Duncan’s multiple-range test. LB: Lactobacillus bulgaricus
(1.0 × 109 colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-L: Lactobacillus plantarum
CQPC10 (1.0 × 108 colony-forming unit (CFU)/kg body weight (bw)); LP-CQPC10-H: Lactobacillus
plantarum CQPC10 (1.0 × 109 colony-forming unit (CFU)/kg body weight (bw)).

3.12. mRNA Expression Levels of nNOS, eNOS, and iNOS in Small-Intestine Tissue

The expression of NOS1 (nNOS) and NOS3 (eNOS) in the normal group was highest, while
it was the lowest in NOS2 (iNOS) (Figure 7). After treatment with activated carbon, both nNOS
and eNOS expression significantly decreased (p < 0.05), while the iNOS expression significantly
increased (p < 0.05). Lactic acid bacteria inhibited the influence of activated carbon on the expression.
The influence of LF-CQPC10-H on nNOS and eNOS was stronger than LB and LF-CQPC10-L. However,
the effect of LF-CQPC10-H on iNOS expression was lower than in LB and LF-CQPC10-L.
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3.13. mRNA Expression Levels of AQP3 and AQP9 in Small-Intestine Tissue

As shown in Figure 8, AQP3 expression was lowest in the normal group, while AQP9 was
highest. The expression trend of AQP3 and AQP9 was opposite in the control group. The effect of
LF-CQPC10-H on AQP3 and AQP9 was closest to the normal group. AQP3 was significantly lower
than in mice that were treated with LB and LF-CQPC10-L (p < 0.05), while AQP9 was significantly
higher than in mice treated with LB and LF-CQPC10-L (p < 0.05).
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4. Discussion

Constipation can influence normal life and long-term constipation will induce other diseases,
eventually severely threatening health [4]. Better colonization of probiotics in the intestines will play a
better role in probiotics; Probiotics need to enter more intestines, which required good anti gastric acid
and bile salt, the survival rates in pH 3.0 artificial gastric juice and 0.3% bile salt could preliminarily
determine whether lactic acid bacteria have probiotic potential [6]. In this study, LP-CQPC10 had the
better in vitro anti gastric acid and bile salt than commercial used LB. LP-CQPC10 is a kind of strain
that might have potential for probiotics. The level of harmful microorganisms increases in response to
constipation and the intestinal wall tissue is injured. When this happens, peristalsis will be negatively
influenced. Slow intestinal tract peristalsis is one of the causes of constipation [6]. Thus, the integrity of
intestinal villi is very important for the evaluation of constipation, which can be preliminarily judged
via pathological observation [17]. In this study, LF-CQPC10 was preliminarily shown to have an
inhibitory effect on constipation.

Observation of the faeces status is the most direct method. Constipation can lead to a decrease
of the defecation amount, and the faeces are dry [4]. In this study, we found that LF-CQPC10 could
significantly remit these effects. The effectiveness was superior to that of the commonly used LB.
Furthermore, the defecation time of the first tarry stool was used to evaluate the severity of the
resulting constipation. Peristalsis was slowed down and the detention time in the intestinal tract
elongated [17]. In this study, the time in the control group was longer than in other groups, and the
time in the LF-CQPC10 group was significantly decreased, thus showing constipation remission.

It has been reported that the neurotransmitter level will change in some patients with constipation
(such as MTL, Gas, ET, SS, Ach, SP, and VIP). MTL has been used to evaluate gastrointestinal tract
peristalsis and it has been widely considered to promote the mobility of the gastrointestinal tract, while
decreased release will slow peristalsis [22]. Gas is an important gastrointestinal hormone, which has
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been shown to promote gastric secretion, improve peristalsis, accelerate gastric emptying, and promote
pyloric sphincter relaxation [23]. Currently, AchE has been considered as one of two neurotransmitters
that play a very important role in the motility of the intestinal tract. AchE promotes peristalsis by
binding to the receptor [24]. SP is an excitatory transmitter in gastrointestinal motor neurons. It greatly
promotes the shrinkage of the smooth muscle in the digestive tract, stimulates water and electrolyte
secretion in the small intestine and colonic mucosa, and promotes peristalsis [25]. The obtained results
indicated that MTL, Gas, AchE, and SP levels in the model group were significantly lower than in the
normal group; however, the neurotransmitter levels significantly increased in the LP-CQPC10 group.
This suggests that the decrease in these levels was related to the constipation. The increase in the levels
by LP-CQPC10 indicated that it could remit the constipation. ET is a multi-functional peptide that
plays a very important role in cardiovascular and intestinal tract function. SS can inhibit the release
of gastrointestinal hormones, slow down gastric emptying, and reduce smooth muscle contraction,
which might cause constipation [26]. VIP is an inhibitory neurotransmitter that stimulates peristalsis
and promotes gastrointestinal motility [27]. The SS level was highest in the model group, while it was
significantly decreased in the LP-CQPC10 group (p < 0.05), suggesting that LP-CQPC10 could have a
preventive effect on constipation.

In the metabolism, superoxide anions (O2
−) and oxygen radicals participate in physiological

reactions in the body. Imbalance will greatly increase O2
− and oxygen radicals, which will disorder

the metabolism [28]. It has been reported that the Cu/Zn-SOD activity in patients with constipation
is lower than in normal people. The likely reason is that long-term retention and stimulation of
hard faeces causes inflammation in the intestinal tract [29]. Mn-SOD can reduce the activity under
inflammation [30]. SOD can transform harmful superoxide radicals into hydrogen peroxide. Although
hydrogen peroxide is still harmful to the body, CAT can degrade it into water. SOD and CAT will
form into an oxidation resistant chain to remit the damage to the intestinal tract that is caused by
constipation [31]. The results of our study indicate that LP-CQPC10 could effectively remit the reduced
activity of Cu/Zn-SOD, Mn-SOD, and CAT caused by constipation.

Cajal cells (ICC) are a type of special mesenchymal cells. Colon ICC amount, morphological
change, and abnormality of the cellular network structure will slow the peristalsis rate, further leading
to slow transit constipation [32]. C-Kit is one of the specific markers for ICC, and SCF is the natural
ligand of the C-kit receptor [33]. It has been reported that ICC density in the small intestine of patients
with constipation is decreased, indicating that reduced ICC is related to the down-regulation of the c-Kit
gene in the sigmoid colon, and reduced c-kit protein and mRNA expression [34]. The results showed
that the mRNA expression of both c-Kit and SCF in the LP-CQPC10 group was significantly increased
(p < 0.05), suggesting that LP-CQPC10 could increase the ICC amount and thus remit constipation.

TRPV1 is closely related to defecation and activation of TRPV1 could trigger the release of
neurotransmitters, thus leading to intestinal motility dysfunction. The increase in TRPV1 expression
is an important manifestation of intestinal injury and the damage that is caused by gastrointestinal
tract diseases can increase TRPV1 expression in patients with constipation [35]. GDNF regulates
ganglion cells and aids the repair of the damaged intestinal tract, while also preventing constipation.
Constipation is related to the intestinal nervous system, leading to muscular tension and weak
gastrointestinal motility [36]. Regulation of TRPV1 and GDNF expression is one of the important
mechanisms to remit constipation. LP-CQPC10 also exerts such an effect of constipation remission.

NOS participates in the regulation of gastrointestinal motility. An increase in NOS will lead
to an increase in the NO content, influencing intestinal function and leading to constipation [37].
Continuous increase of NO can cause a more severe colonic motility disorder [38]. Endothelial
dysfunction can cause constipation and the decrease in NO bioavailability is an important factor
for this dysfunction [39]. NO is synthesized via NOS catalysis. Three subtypes for NOS have been
described, including NOS1 (nNOS), NOS2 (iNOS), and NOS3 (eNOS) [40]. Under normal physiological
conditions, NO in vascular endothelial cells mainly originates from eNOS, whose main effect is the
regulation of the normal physiological function [41]. The expression of nNOS is greatly decreased in
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the small intestine of animals with constipation [42]. iNOS is not expressed under the resting-state,
while a high level of iNOS and NO will be generated when the body is injured or under other
pathological conditions [43]. A decrease in NO content by controlling NOS is a feasible method
to control constipation [42]. Here, we found that LP-CQPC10 could significantly up-regulate the
expression of eNOS and nNOS, down-regulate expression of iNOS, and remit constipation.

Aquaporin (AQP) has been reported to specifically transport water and some AQPs could
participate in constipation by influencing the over-absorption of water in the colon and/or reduce
the secretion of intestinal juice [44]. AQP3 in constipation rats has been reported to be significantly
increased when compared to normal mice, and AQP3 participated in the water absorption of the colon
in the enteric cavity. This suggested that the overexpression of AQP3 aggravated the water adsorption
of colonic mucosa, leading to constipation [45,46]. AQP9 in the intestinal tract of constipated rats was
significantly reduced. AQP9 participated in the secretion of colonic mucus, protected the mucous
membrane, and promoted defecation. This suggested that AQP9 was expressed at a low level and
the secretion of goblet cell mucus was reduced, leading to constipation [46]. LP-CQPC10 could remit
the influence of constipation on AQPs, reduce the expression of AQP3, and increase the expression
of AQP9.

5. Conclusions

This study investigated the effect of LP-CQPC10 that was isolated from Sichuan Paocai on
experimentally generated constipation (induced with activated carbon). The results indicate that
LP-CQPC10 could remit the influence of constipation on defecation. The results of serum indices and
small intestine clarified the effect of LP-CQPC10 on the constipation inhibition and the mechanism was
further elucidated via molecular biological tests. LP-CQPC10 improved the intestinal motility function,
maintain intestinal health, inhibit the influence of constipation on intestinal nerve, and improve the
normal physiological capability. The effect of LP-CQPC10 is positively correlated with bacterial dose,
and the effect on the constipation is superior to that of the commonly used LB. The results of this study
can guide the application of probiotics.
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