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Aim: The naturally fermented yak yogurt of pastoralists in the Tibetan Plateau, China,
because of its unique geographical environment and the unique lifestyle of Tibetan pastor-
alists, is very different from other kinds of sour milk, and the microorganisms it contains are
special. Lactococcus lactis subsp. lactis HFY 14 (LLSL-HFY14) is a new lactic acid bacter-
ium isolated from naturally fermented yak yogurt. The purpose of this study was to study the
inhibitory effect of the bacterium on constipation.

Methods: Constipation was induced in ICR mice with diphenoxylate, and the constipated
mice were treated with LLSL-HFY14. The weight and feces of the mice were visually
detected. Colonic tissues were observed on hematoxylin and eosin-stained sections. Serum
indices were detected with kits. mRNA expression in the colon was determined by quanti-
tative polymerase chain reaction assay.

Results: Constipation caused weight loss, the number of defecation granules, defecation
weight, fecal water content decreased, and the first black stool excretion time increased.
LLSL-HFY14 alleviated these symptoms, and the effects were similar to those of lactulose
(drug). The pathological examination revealed that constipation caused pathological changes
in the colon, and LLSL-HFY 14 effectively alleviated the disease. LLSL-HFY 14 increased
serum levels of motilin, gastrin, endothelin, substance P, acetylcholinesterase, and vasoactive
intestinal peptide (VIP) and decreased serum levels of somatostatin in constipated mice. In
addition, LLSL-HFY 14 upregulated VIP, cAMP, protein kinase A, and aquaporin 3 expres-
sion in colonic tissues of constipated mice in a dose-dependent manner.

Conclusion: LLSL-HFY 14 inhibited constipation, similar to lactulose, and has the potential
to become a biological agent.
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Introduction

Pastoralists in the Qinghai Tibetan Plateau, China, have a long-term habit of
drinking fermented yak yogurt. Yak yogurt is a natural green food in which lactose
is transformed into lactic acid, organic acids, and ethanol by microbial fermenta-
tion. Due to the special climatic conditions and a special lifestyle for Tibetan
pastoralists of the Tibetan Plateau, the composition of microorganisms during
fermentation of the yogurt is unique, in which there are a large number of lactic

acid bacteria.! This class of yak yogurts contains lactic acid bacteria, which are
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relatively different from those used commercially, and
studies have confirmed that this class of acid milks also
has different bioactive effects, such as constipation inhibi-
tion effect. Some studies have confirmed that lactic acid
bacteria can reduce intestinal injury, improve intestinal
activity and inhibit constipation.>” More extensive isola-
tion and identification work needs to be performed to
accumulate additional strain resources, and develop rich
probiotics that can be used in health foods and medicine.
In addition to probiotics, harmful bacteria also inhabit
the gut, and the two are in balance under normal
conditions.* Gut probiotics also participate in digestion,
as dyspepsia and gastrointestinal dysfunction occur with-
out probiotics.” Lactic acid bacteria effectively inhibit the
growth and reproduction of harmful bacteria in the gastro-
intestinal tract by metabolizing lactic acid and maintaining
the ecological balance and normal function of the gastro-
intestinal tract. Chronic diarrhea, constipation, abdominal
distension, dyspepsia, and other symptoms are related to
an imbalance of intestinal lactic acid bacteria.®’ Lactic
acid bacteria not only activate macrophage phagocytosis,
but also play an active role in intestinal colonization.
Lactic acid bacteria stimulate peritoneal macrophages,
induce interferon production, promote cell division, pro-
duce antibodies, promote cellular immunity, enhance the
non-specific and specific immune responses, and improve
disease resistance.®® Lactic acid bacteria also promote
peristalsis and defecation in a variety of ways.'®
Constipation is manifested as difficult defecation with
dry stool. Constipation slows down intestinal peristalsis,
increases harmful bacteria in the intestine, and can cause
other intestinal diseases.'' The expression of vasoactive
intestinal peptide (VIP) in the colonic tissues of patients
with esophagitis decreases, which leads to intestinal moti-
lity disorder.'? VIP can regulate intestinal water metabo-
lism by affecting the expression of aquaporin 3 (AQP3) in
intestinal epithelial cells."* Cyclic adenosine monopho-
sphate protein kinase A (camp PKA) pathway plays an
important role in the biological effect of VIP, and the
expression of AQP3 is also regulated by cAMP PKA
pathway.'* The VIP-cAMP-PKA-AQP3 signal pathway
is related to the regulation of intestinal motility to improve
intestinal water metabolism, so as to significantly improve
constipation symptoms, therefore, the disorder of water
metabolism in constipation may be related to VIP-cAMP-
PKA-AQP3 signaling pathway. Therefore, the disorder of
water metabolism in cases of constipation is related to the
VIP-cAMP-PKA-AQP3 signaling pathway. Lactococcus

lactis subsp. lactis HFY 14 was a lactic acid bacteria iso-
lated and identified by our team from naturally fermented
yak yogurt. Our team preliminarily screened the growth
rate of gastric acid resistance and bile salt resistance
in vitro, and found that this lactic acid bacteria had better
in vitro resistance than common commercial lactic acid
bacteria, and had the potential to be developed as
a probiotic. In this study, we first further investigated the
effect of Lactococcus lactis subsp. lactis HFY14 (LLSL-
HFY14) on the VIP-CAMP-PKA-AQP3 signaling path-
way in colonic tissues during constipation, and explored
its mechanism of improved intestinal water metabolism.

Materials and Methods

Experimental Strain

LLSL-HFY14 was isolated and identified by our group
from naturally fermented yogurt in Hongyuan, Sichuan,
China.
Microbiological Culture Collection Center (Beijing,
China) under storage number CGMCC No. 16647.

This strain is stored at the China General

Experimental Animals and Groupings

Fifty 6-week-old female ICR mice were purchased from
the Experimental Animal Center of Chongqing Medical
University (Chongqing, China). The mice were reared in
a clean room with a temperature of 20-25°C and moderate
humidity of 50-60%. The mice were divided into five
groups of ten mice each: the normal group, the model
group, the low concentration LLSL-HFY14 (LLSL-
HFY14-L) group, the high concentration LLSL-HFY14
(LLSL-HFY14-H) group, and the lactulose (positive drug
control) group. This study was approved by the Ethics
Committee of Chongqing Collaborative Innovation
Center for Functional Food (202003058B, Chongqing,
China) and adhered to the National Standards of the
People’s Republic of China (GB/T 35892-2018) laboratory
animal guidelines for ethical review of animal welfare.

Animal Experiment Treatment

Diphenoxylate was dissolved in distilled water to make
a suspension with a concentration of 2.5 mg/mL and shock
before use. The mice in all groups, except the normal group,
were intragastrically administered 20 mg/kg diphenoxylate
(Jiangsu Changzhou Kangpu Pharmaceutical Co., Ltd.,
Changzhou, Jiangsu, China) every day for 4 weeks to induce
functional constipation.'”” The diphenoxylate gavage was
stopped 4 weeks later, and the LLSL-HFY14-L and LLSL-
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HFY14-H groups of mice were gavaged with 1x10® and
1x10° CFU/kg of LLSL-HFY 14 for 4 weeks. The lactulose
group of mice was gavaged with 3 g/kg lactulose (Solarbio,
Beijing, China) for 4 weeks, and the model group of mice
was gavaged with 0.2 mL distilled water every day. Mice in
the normal group were fed 0.2 mL distilled water every day
throughout the 8 weeks of the experiment (Table 1). The mice
were monitored weekly for weight, fecal pellet count, fecal

weight, and fecal water content throughout the experiment.

Discharge Time of the First Black Stool
From the first week to the eighth week, every weekend,
0.1 mL/10 g of ink was given by gavage 30 min after the
last day of administration, the feces were collected within
6 hours after the first black stool was discharged, and the
number, weight, and water content of the fecal pellets were
recorded and determined. At the end of eighth week, 30
min after ink treatment, the discharge time of the first
black stool was recorded.

Hematoxylin and Eosin (H&E) Staining of

Colonic Tissues

About 5 cm? of colonic tissue was immediately fixed in
10% formalin solution for 48 h. Staining was performed
after dehydration, transparency, wax immersion, embed-
ding, and sectioning. The morphological changes in the
colonic tissues were observed under a light microscope
(BX43; Olympus, Tokyo, Japan).

Serum Biomarkers

The mouse blood was collected and centrifuged at 4000
r/min for 10 min at 4°C to collect the serum. Serum
levels of motilin (MTL), gastrin (GAS), endothelin
(ET), somatostatin (SS), acetylcholinesterase (AChE),

substance P (SP), and VIP were determined according

Quantitative Reverse

Transcription-Polymerase Chain Reaction
(RT-gPCR) Assay

Total RNA of the mouse colon was extracted according to
the Trizol instructions (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). Then, Then, 1 pL (oligo) of primer
DT, 10 pL of sterile ultrapure water and 1 pg/uL RNA
sample (1 pL) were mixed and reacted at 65°C for 5 min;
1 pL of ribolock RNase inhibitor, 2 pL. of 100 mM dNTP
mix, 4 pL of 5% reaction buffer, and 1 pL of Revert Aid
M-mu/v RT (Thermo Fisher Scientific, Inc.) was added in
above solution for synthesizing cDNA. The target gene
was reverse transcribed and amplified (SteponePlus PCR
instrument, Thermo Fisher Scientific, Inc.). B-actin was
used as the housekeeping gene, and the relative expression
of the target gene (Table 2) was calculated by the 2 44T
method."®

Statistical Analysis

SPSS software (SPSS Inc., Chicago, IL, USA) was used
to analyze the experimental data. Differences were
detected by one-way analysis of variance and Duncan’s
multiple range test. A P-value < 0.05 was considered
significant.

Results

Mice Body Weight

As shown in Figure 1, weight gain by the constipation-
induced groups was slower than the normal group during
the first 4 weeks. The weight gain of mice in the model
group was slowest compared with the other groups begin-
ning on week 5, and the weight gain of mice in the LLSL-
HFY14-H and lactulose groups increased and was closest
to the normal group.

Fecal Status

to the kit instructions (ABCAM, Cambridge, As shown in Table 3, the number of fecal pellets, fecal
MA, USA). weight, and water content of the groups began to decrease
Table | Animal Experiment Planning Process

Group 1-4 Week (Every Day Gavage) 5-8 Week (Every Day Gavage)

Normal 0.2 mL distilled water 0.2 mL distilled water

Model Diphenoxylate (20 mg/kg) 0.2 mL distilled water

LLSL-HFY 14-L Diphenoxylate (20 mgfkg) %108 CFU/kg LLSL-HFY 14

LLSL-HFY 14-H Diphenoxylate (20 mg/kg) Ix10° CFU/kg LLSL-HFY 14

Lactulose Diphenoxylate (20 mg/kg) 3 g/kg lactulose
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Table 2 Sequences of the Primers Used in This Study

Gene Sequences
VIP F:5'-TCTGCAAGGGTAGCAATCGA-3’
R:5-GGTGGAGTCCCTATCACTGG-3’
cAMP F:5'-TGAGGACCCAGATACTCCCA-3’
R:5'-CAAAAGACTCTGCAGCCTGG-3’
PKA F:5'-GGGTAGCCTCAGTGCTTACA-3’
R:5'-CCACGGCAACATTAGACCAG-3
AQP3 F:5'-AGTGAGTCAGGAAAGTGCCA-3
R:5-TGAGCTACGCCCCTCTTATG-3’
-actin F:5'-CATGTACGTTGCTATCCAGGC-3’
p
R:5'-CTCCTTAATGTCACGCACGAT-3’

during the first 4 weeks compared to the normal group.
The number of fecal pellets, fecal weight, and water con-
tent of mice in each group improved beginning on week 5
compared with the model group, and the improvement of
mice in the LLSL-HFY14-H and lactulose groups was the
largest and was closest to the normal group.

Discharge Time of the First Black Stool

As shown in Figure 2, the time of the first black stool
excretion was the shortest in the normal group at end
of the eighth week, and that in the other groups was
significantly longer than in the normal group. The time
of the first black stool in the model group was the
longest, while the times in the LLSL-HFY14-H and
lactulose groups were significantly shorter than that in
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) , Lactulose bb
Sl :
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> 26 d
)
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Figure | Body weights of the constipated mice. *“Mean values with different
letters are significantly different (P < 0.05) based on Tukey’s test.

the LLSL-HFY14-L group, which was closest to the
normal group.

Histopathological Analysis of Colonic

Tissues

As shown in Figure 3, the colonic mucosal epithelial cells
were intact, the inflammatory cells were normal, no infil-
tration was evident, the goblet cells were arranged in an
orderly manner, and there was no congestion or edema in
the normal group. In the model group, the colonic epithe-
lial cells were significantly damaged, the intestinal wall
was thickened, and edema, inflammatory cell infiltration,
and reduced goblet cell size were observed. The hypere-
mia, edema, and cell infiltration decreased after treatment
with LLSL-HFY 14 or lactulose compared with the model
group. LLSL-HFY14-H and lactulose had the most
obvious improving effects on the colonic tissues, indicat-
ing that LLSL-HFY 14 alleviated the constipation damage
in the colon. The effect of LLSL-HFY 14-H was enhanced
as concentration was increased, and the effect of the high
concentration sample was closest to that of lactulose.

Serum Levels of MTL, GAS, ET, SS, AChE,

SP, and VIP

The levels of MTL, GAS, ET, AChE, and VIP were high-
est in the normal group, while the SS level was the lowest
(Table 4). The serum levels of MTL, GAS, ET, SP, AChE,
and VIP were lowest in the model group, while SS was the
highest. The levels of MTL, GAS, ET, SP, AChE, and VIP
in the LLSL-HFY 14 and lactulose groups increased sig-
nificantly compared with the model group (P < 0.05), but
the SS level decreased significantly (P < 0.05). The serum
levels of LLSL-HFY 14-H and lactulose were closest to the
normal group, and there was no significant (P > 0.05)
difference between the two groups.

VIP, cAMP, PKA, and AQP3 mRNA

Expression in Colonic Tissues

The expression levels of VIP, cAMP, PKA, and AQP3
were highest in the normal group, while the expression
levels of VIP, cAMP, PKA, and AQP3 were lowest in the
model group (Figure 4). LLSL-HFY 14 and lactulose sig-
nificantly upregulated the expression levels of VIP, cAMP,
PKA, and AQP3 in constipated mice (model group), and
lactulose and LLSL-HFY 14-H enhanced these expression
levels, but there was no significant difference between
LLSL-HFY14-H and lactulose (P > 0.05).
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Table 3 The Number, Weight, and Water Content of the Feces from Constipated Mice
Fecal status Normal Model LLSL-HFYI14-L LLSL-HFYI14-H Lactulose
1—4 weeks Number 38432 13+4° 14+4° [4+3° 13+3°
Weight 0.92+0.13° 0.2140.07° 0.22+0.06° 0.21+0.06° 0.21+0.08°
Water content 48.6+3.1° 14.1+2.8° 14.4+3.3° 13.8+3.5° 13.9+3.0°
5-8 weeks Number 40+4* 14+3¢ 21+4° 33+4° 354420
Weight 1.1240.19° 0.27+0.09¢ 0.64+0.10° 0.87+0.11° 0.90+0.09*°
Water content 48.8+2.7° 14.4+2.8¢ 27.6+3.0° 38.7+2.6° 39.143.1°

Note: *“Mean values with different letters over the same row are significantly different (P < 0.05) according to Tukey’s test.

Discussion

Constipation is primarily caused by bad living and eating
habits and serious cases can lead to other gastrointestinal
diseases. Proper physical exercise, good defecation habits,
and a reasonable diet relieve constipation when symptoms
are mild. Drugs are useful when the symptoms are serious,
but the drugs are easy to become dependent and some
intestinal side effects can occur, such as rheum, cassia

et al'’

Constipation is clinically characterized by reduced
frequency of defecation, difficult defecation, and dry stool.
The number, weight, and water content of the fecal pellets
are the most intuitive indicators to evaluate constipation
under laboratory conditions.'® At the same time, constipa-
tion can lead to the decline of intestinal motility and water
content, thus slowing the intestinal peristalsis, making it
difficult to excrete the intestinal contents. Therefore, the
time of the first black stool excreted after intragastric
administration of ink is an index to evaluate the degree
of constipation.'” In this study, weight gain of the mice
decreased after constipation was induced for 4 weeks, and
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Figure 2 Discharge time of the first black stool by constipated mice at the end of
eighth week. *“Mean values with different letters are significantly different (P < 0.05)
based on Tukey'’s test.

the number, weight, and water content of the fecal pellets
decreased significantly. The time to the first black stool
discharge was extended. LLSL-HFY 14 effectively allevi-
ate these symptoms, and the effect was similar to that of
lactulose.

A clinical-pathological examination is an important
diagnostic method that provides the basis for clinical treat-
ment. A pathological examination of animal tissues under
laboratory conditions is an important technical way to
judge experimental animal disease.?® In this study, H&E
staining was used for the pathological examination. The
H&E stained sections revealed that the LLSL-HFY 14 alle-
viated the damage in colonic tissue lesions caused by long-
term constipation.

The levels of neurotransmitters (eg, MTL, GAS, ET,
SS, AChE, SP, and VIP) in patients with constipation will
change. MTL, GAS, AChE, SP, and VIP are excitatory
neurotransmitters, whereas ET and SS are inhibitory neu-
rotransmitters, intestinal motility was enhanced by acute
neurotransmitters, but  decreased by inhibitory
neurotransmitters.”! MTL is an important index to evalu-
ate gastrointestinal peristalsis. Most authors believe that
MTL promotes movement in various parts of the gastro-
intestinal tract and that a reduction of MTL release reduces
gastrointestinal peristalsis.”> GAS is an important gastro-
intestinal hormone that promotes the secretion of gastric
juice, increases peristalsis of the gastrointestinal tract,
accelerates gastric emptying, and promotes relaxation of
the pyloric sphincter.”®> Acetylcholine (ACh) is one of two
neurotransmitters that play an important role in intestinal
motility by binding to its receptor; the acetyl cholinester-
ase (AChE) level is positively correlated with the ACh
level.>* SP is an excitatory transmitter of gastrointestinal
motor neurons. It strongly promotes contraction of smooth
muscle in the digestive tract, stimulates the small intestinal
and colonic mucosa to secrete water and electrolytes, and
promotes gastrointestinal motility.”> In this study, the
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Figure 3 Hematoxylin and eosin (H&E) pathological staining status of colonic tissues from constipated mice. The black arrow indicates the damaged tissue.

serum levels of MTL, GAS, AChE, and SP were signifi-
cantly lower in mice from the model group than those
from the normal group, while the levels of these neuro-
transmitters increased significantly in the LLSL-HFY14
group, indicating that constipation was related to
decreased levels of MTL, GAS, AChE, and SP and that
LLSL-HFY 14 increased the levels of these neurotransmit-
ters and played a role in relieving constipation.

ET is a multifunctional peptide with cardiovascular and
intestinal functions.”® SS inhibits the release of gastroin-
testinal hormones, decreases the gastric emptying rate, and
decreases smooth muscle contraction, all of which can
contribute to constipation.’’” VIP is an inhibitory

neurotransmitter secreted by motor and secretory neurons.
VIP motor neurons mainly inhibit gastrointestinal muscle
tone, thereby inhibiting gastrointestinal motility.”® The
results of this study show that the SS level was highest
in the model group, while ET and VIP levels were lowest,
and compare with the model group, the SS level in the
LLSL-HFY14 groups decreased significantly, but the ET
and VIP levels in the LLSL-HFY 14 groups increased. ET
and VIP levels in all groups increased significantly, sug-
gesting that LLSL-HFY 14 has an interventional effect on
constipation.

VIP and its specific receptor activate the cAMP/PKA
signaling pathway, which causes hyperpolarization and

Table 4 Serum Levels of Motilin (MTL), Gastrin (GAS), Endothelin (ET), Somatostatin (SS), Acetylcholinesterase (AChE), Substance
P (SP), and Vasoactive Intestinal Peptide (VIP) in Constipated Mice

Level (pg/mL) Normal Model LLSL-HFY I14-L LLSL-HFY14-H Lactulose
MTL 225.16+20.33* 74.63+5.32¢ 127.66+14.31¢ 175.30+14.47° 178.62+15.87°
GAS 123.02+14.17° 30.85+4.34¢ 66.03+7.12¢ 94.63+6.32° 96.34+7.11°
ET 30.0543.17° 4.2340.63¢ 14.21+0.78° 24.15%1.61° 25.03£1.77°
sS 24.15+3.49¢ 89.60+5.36* 61.03+4.02° 40.1543.96° 39.1243.89°
AChE 40.65+2.79° 8.30+0.79¢ 21.03+2.30° 33.17+2.03° 34.19+3.13°
SP 86.23%5.11° 24.16£1.96¢ 44.16+4.82° 67.98+5.10° 69.11£5.56°
VIP 87.26+4.20° 20.17+3.08¢ 45.15+4.37¢ 68.39+5.97° 70.35+4.83°

Notes: ““Mean values with different letters over the same row are significantly different (P < 0.05) according to Tukey’s test.
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Figure 4 Vasoactive intestinal peptide (VIP), cAMP, protein kinase A (PKA), and aquaporin 3 (AQP3) mRNA expression in colonic tissues from constipated mice. *“Mean

values with different letters are significantly different (P < 0.05) based on Tukey’s test.

relaxation of gastrointestinal smooth muscle cells.”® VIP
receptors are mainly distributed on the basement mem-
brane of intestinal epithelial cells.*® VIP activates the
guanylate binding protein on cell membranes through
a cAMP-dependent protein kinase pathway.*' The acti-
vated guanylate binding protein activates adenylate
cyclase on the cell membrane and catalyzes ATP to
remove a pyrophosphate to produce cAMP.*? cAMP acts
as a second messenger to activate cAMP protein kinase
(PKA), which phosphorylates the target protein and reg-
ulates the cellular response.>® At the same time, the rapid
transmembrane transfer of water molecules is realized
through aquaporin (AQP) residing on the cell membrane.
AQP is mainly involved in the secretion and absorption of
water and regulates the balance of water inside and outside
cells.** AQP3 is highly expressed in the digestive tract
epithelial cells, which is mainly involved in the transfer
and metabolism of digestive tract fluids and electrolytes.

VIP plays an important role in the biological effect of the
cAMP/PKA pathway, and AQP3 expression is regulated
by the cCAMP-PKA pathway.>> Phosphorylation of AQP3
is cAMP-dependent. The activation of adenylate cyclase
increases intracellular cAMP level; thus, activating PKA
and increasing permeability of the membrane to water.>
Abnormal expression of AQP3 leads to excessive intest-
inal water in the cells or intestinal mucus secretion, lead-
ing to constipation.”” VIP regulates intestinal motility and
intestinal water metabolism, which is closely related to
constipation.*®*° VIP regulates intestinal water metabo-
lism by affecting AQP3 expression in intestinal epithelial
cells.’® cCAMP-PKA is a VIP-AQP3 intermediate link. As
an upstream neurotransmitter, VIP regulates expression of
the AQP3 protein through the cAMP/PKA signaling
pathway.” This study also confirmed that LLSL-HFY 14
inhibited constipation by regulating mRNA expression of
the VIP-cAMP-PKA-AQP3 pathway.
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Intestinal health is affected by constipation, as a large
number of harmful bacteria accumulate in the intestine and
toxic substances are absorbed into the body, affecting
health.*! Some lactic acid bacteria can be used as probio-
tics, which can improve intestinal health, inhibit the num-
ber of harmful bacteria, and remove toxic substances from
the intestine.*” In addition, lactic acid bacteria produce
acidic substances during metabolism, such as lactic acid
and acetic acid. These acids stimulate intestinal secretion
of a large amount of intestinal fluid to help soften the
feces. The acidic intestinal internal environment produced
by probiotics enhances peristalsis, which is also conducive
to excretion of feces.*” The LLSL-HFY14 in this study
may have similar efficacy. In further research, we will
conduct an in-depth study of related mechanisms.

Previous studies have shown that constipation is related
to VIP-cAMP-PKA-AQP3 signaling pathway. Regulating
VIP-cAMP-PKA-AQP3 signaling pathway by active sub-
stances can inhibit constipation.***> At the same time, the
study also confirmed that Lactobacillus belongs to
a probiotic bacteria, which can be used to regulate the func-
tion of the intestine, improve the internal environment of the
intestine, regulate the balance of the intestinal microecology,
promote the intestinal peristalsis function, and relieve
constipation.***” None of these studies have yet correlated
the effects of probiotics on intestinal water metabolism. This
study proposed lactic acid bacteria (LLSL-HFY'14) as a new
action point of probiotics from water metabolism pathway to
inhibit constipation and preliminarily elucidated part of the
mechanism. At the same time, the lack of nutrients may also
be responsible for constipation,*® lactic acid bacteria can act
as probiotics, but also as nutrients to improve intestinal
health, play a role in protecting the intestine and improving
constipation. In this study, LLSL-HFY 14 has been proved to
be able to interfere with the VIP-cAMP-PKA-AQP3 signal-
ing pathway and play a role in inhibiting constipation, in
addition to this new function of lactic acid bacteria.

Conclusions

LLSL-HFY14 is a type of lactic acid bacteria isolated from
naturally fermented yogurt in the Tibetan Plateau area. Animal
experiments show that LLSL-HFY 14 has a dose-dependent
inhibitory effect on diphenoxylate-induced constipation in
mice, which is similar to that of lactulose. LLSL-HFY 14
inhibits constipation through the VIP-cAMP-PKA-AQP3 sig-
naling pathway. Taken together, LLSL-HFY 14 has the poten-
tial to be developed into a biological agent to inhibit
constipation and is a potentially effective drug.
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