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Abstract
AIM
To evaluate the effect of Lactobacillus rhamnosus  GG 
supernatant (LGG-s) on the expression of serotonin 
transporter (SERT) in rats with post-infectious irritable 
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bowel syndrome (PI-IBS).

METHODS
Campylobacter jejuni  81-176 (1010 CFU/mL) was used 
to induce intestinal infection to develop a PI-IBS 
model. After evaluation of the post-infectious phase 
by biochemical tests, DnA agarose gel electropho-
resis, abdominal withdrawal reflex (AWR) test, and 
the intestinal motility test, four PI-IBS groups received 
different concentrations of LGG-s for 4 wk. The treat-
ments were maintained for 1.0, 2.0, 3.0 or 4.0 wk 
during the experiment, and the colons and brains were 
removed for later use each week. SERT mRnA and 
protein levels were detected by real-time PCR and 
Western blot, respectively.

RESULTS
The levels of SERT mRnA and protein in intestinal 
tissue were higher in rats treated with LGG-s than in 
control rats and PI-IBS rats gavaged with PBS during 
the whole study. Undiluted LGG-s up-regulated SERT 
mRnA level by 2.67 times compared with the control 
group by week 2, and SERT mRnA expression kept 
increasing later. Double-diluted LGG-s was similar 
to undiluted-LGG-s, resulting in high levels of SERT 
mRnA. Triple-diluted LGG-s up-regulated SERT mRnA 
expression level by 6.9-times compared with the control 
group, but SERT mRnA expression decreased rapidly 
at the end of the second week. At the first week, SERT 
protein levels were basically comparable in rats treated 
with undiluted LGG-s, double-diluted LGG-s, and triple-
diluted LGG-s, which were higher than those in the 
control group and PBS-treated PI-IBS group. SERT 
protein levels in the intestine were also comparable 
in rats treated with undiluted LGG-s, double-diluted 
LGG-s, and triple-diluted LGG-s by the second and third 
weeks. SERT mRnA and protein levels in the brain 
had no statistical difference in the groups during the 
experiment.

CONCLUSION
LGG-s can up-regulate SERT mRnA and protein levels 
in intestinal tissue but has no influence in brain tissue 
in rats with PI-IBS.

Key words: Serotonin transporter; Intestinal infection; 
Lactobacillus rhamnosus  supernatant; Irritable bowel 
syndrome
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Core tip: There are few reports on the effect of the 
supernatant of Lactobacillus rhamnosus  GG (LGG) on 
serotonin transporter (SERT) expression in rats with 
post-infectious irritable bowel syndrome (PI-IBS). An 
experimental rat model of PI-IBS was developed by 
Campylobacter jejuni  infection. SERT levels in intestinal 
and brain tissues were detected to evaluate the effect 
of LGG-s.

Cao YN, Feng Lj, Liu YY, jiang K, Zhang Mj, Gu YX, Wang BM, 
Gao j, Wang ZL, Wang YM. Effect of Lactobacillus rhamnosus 
GG supernatant on serotonin transporter expression in rats with 
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2018; 24(3): 338350  Available from: URL: http://www.
wjgnet.com/10079327/full/v24/i3/338.htm  DOI: http://dx.doi.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional 
gastrointestinal disorder (FGD), annually affecting 
12% to 30% of the population worldwide[1-5]. IBS can 
be divided into four subtypes, namely, IBS with con-
stipation (IBS-C), IBS with diarrhea (IBS-D), mixed-
type IBS (IBS-M), and untyped IBS (IBS-U)[6-8]. Acute 
infectious gastroenteritis (IGE) is an important risk factor 
for developing IBS, with 5% to 31% of the patients 
developing post-infectious IBS (PI-IBS)[9-12]. Recent 
reports indicate that abnormalities in serotonergic sig-
naling systems are involved in the development of PI-
IBS, particularly those affecting serotonin (5-HT) levels 
in the gastrointestinal tract[13-15].

As a signal transducer and neurotransmitter, 5-HT 
modulates intestinal fluid secretion, gut motility, and 
gastrointestinal sensation[16]. Serotonin transporter 
(SERT) is a universally existing transmembrane transport 
protein that plays a key role in 5-HT reuptake[15,17]. 
SERT has two important polymorphic areas. The first is 
named 5-HT-transportergene-linked polymorphic region 
(5-HTTLPR), which is located in the regulatory region 
of its gene (SLC6A4; chromosome 17q11.1-q12)[18]. 
The most frequently studied variant is subdivided into 
long (L) and short (S) alleles[19,20]. The transcriptional 
efficiency of the L/L genotype is significantly higher than 
that of the L/S and S/S genotypes[21]. Furthermore, the 
frequency of the L/L genotype in C-IBS was significantly 
higher than that in D-IBS, and the S/S genotype is 
higher in D-IBS[21-24]. In other words, the expression 
of SERT is higher in C-IBS, and lower in D-IBS. The 
second is named STin2, which is also called variable 
number tandem repeats (VNTR). Wang et al[25] have 
found a higher ratio of STin2.12/10 and a lower ratio of 
STin2.12/12 in IBS patients, and there were no significant 
differences between different subtypes. However, a 
small-scale study on SERT in PI-IBS, conducted by 
Wheatcroft et al[26], showed that SERT expression was 
reduced in PI-IBS patients. 

Lactobacillus rhamnosus GG (LGG) is the best 
studied member of the lactic acid bacteria and is known 
to have positive effects on human health[27]. Probiotics 
such as LGG are potential treatment options in patients 
with IBS[28]. LGG could exclude pathogens, promote 
mucosal immunity against Salmonella infection[29], and 
reduce the rotavirus-related diarrhea by increasing 
the levels of interferon-γ (IFN-γ)[30]. The ESPGHAN 
Working Group recommends using LGG for preventing 
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nosocomial diarrhea[31]. Furthermore, LGG reduces the 
frequency and severity of abdominal pain in children 
with IBS[32], along with improving disease severity, 
especially in IBS-D and IBS-A subtypes[33].

Our previous study had confirmed that Lactobacillus 
rhamnosus GG supernatant (LGG-s) could up-regulate 
SERT mRNA and protein levels in intestinal epithelial 
cells and mouse intestinal tissues[34]. The aim of this 
study was to investigate the effects of LGG-s on the 
expression of SERT mRNA and SERT protein (SERT-P) 
in the colon and brain in a rat model of PI-IBS.

MATERIALS AND METHODS
Bacterial culture, LGG-s, and Campylobacter jejuni
LGG [53103, American Type Culture Collection (ATCC), 
United States] was incubated in Lactobacillus MRS 
broth (Oxoid CM0359) at 37 ℃ for 24 h, according to 
ATCC guidelines, diluted in MRS broth, and cultured 
again at 37 ℃ to reach log phase with the density 
determined as 0.5 at A600

[34]. The culture suspension 
was centrifuged at 4000 g for 15 min, then the su-
pernatant was collected and filtered through 0.20-μm 
filters[35].

C. jejuni 81-176 (BAA-2151, ATCC, United States) 
was grown on Skirrow’s selective medium (Columbia 
Agar Base, Oxoid CM0331, supplemented with 5% 
sheep blood and Campylobacter selective supplement, 
Oxoid SR0117) at 42 ℃ under micro-aerobic conditions 
for 24 h. The bacterial colony was obtained with an 
inoculating loop and diluted in phosphate buffered 
solution (PBS), until the concentration reached 1.0 × 
1010 CFU/mL. The preliminary experiments showed that 
the concentration of 1010 CFU/mL achieved a higher 
diarrhea rate, visceral hypersensitivity, and serious 
clinical symptoms. Bacterial concentrations were 
measured with a spectrophotometer (TECAN infinite 
M200 PRO, Switzerland)[36]. 

Animal studies
The study was performed on male Sprague-Dawley 
rats (aged between 7 and 8 wk) obtained from 
Laboratory Animal Center of Chinese People’s Liberation 
Army General Hospital (Beijing, China). The rats were 
kept under the following conditions: the temperature of 
23 ℃ ± 1 ℃, a 12h/12 h light/dark cycle (lighting from 
08:00 to 20:00), and free access to a sterile diet. The 
rats were then divided into two groups. The first group 
of rats were designated as the control group (n = 25, 
normal and healthy), which was given PBS (2 mL/d per 
rat), and another group as the model group of PI-IBS 
(n = 85), which was given C. jejuni (1010 CFU/mL, 2 
mL/d per rat) through an intra-gastric needle (Thermo 
Fisher Scientific, Hampton, United States). The gavage 
continued for 7 d. Then, the stool culture, body weight 
of the rats, and relative content of stool water were 
tested to evaluate the phase of infection.

If the rats get rid of infection with a higher Bristol 

score of faeces, faster intestinal transit, and visceral 
hypersensitivity, they were considered to enter the 
post-infectious phase as PI-IBS.

After the model evaluation, the rats were regrouped; 
the control group was designated as M (n = 20) and 
given PBS, and the PI-IBS model group was divided into 
four groups and given PBS, undiluted LGG-s, double 
diluted LGG-s, and triple diluted LGG-s, respectively 
(A, B, C and D, respectively, n = 20) through a gavage 
needle[34]. PBS or LGG-s was administered at 2 mL/d/
per rat, and the treatments were maintained for 1.0, 
2.0, 3.0 or 4.0 wk during the experiment. Five rats of 
each group were sacrificed; the colons and brains were 
removed for later use each week.

During all experiments, housing and diet conditions 
were the same for all groups. Rats infected with C. 
jejuni were housed in another room to prevent cross-
contamination from infected to uninfected. The protocol 
was approved by the Animal Use and Care Committee 
of Tianjin Medical University (Figure 1).

Campylobacter gavage
Before the infection, all rats received 1 mL of 5% (w/v) 
bicarbonate solution via a ball-tipped inoculating needle 
to neutralize the gastric acid. Thirty minutes later, C. 
jejuni in 2 mL of PBS was given to the PI-IBS model 
group and 2 mL of sterile PBS to the control group[37].

Assessment of acute colonization by C. jejuni
The fresh stool specimens were cultured for the 
presence of C. jejuni on Campylobacter selective 
agar plates using biochemical tests and DNA agarose 
gel electrophoresis, and the general condition, body 
weight, and relative content of stool water were 
observed or tested on the 3rd, 7th, 14th, 28th, 42nd, 
56th, and 70th days after gavage. Successful intestinal 
colonization was defined by the detection of C. jejuni 
in stool at least once, and clearance of infection was 
defined by two consecutive tests with negative culture.

Biochemical tests contain catalase test, oxidase test, 
hippurate hydrolysis test, and 3-indoylacetate hydrolysis 
test (GB 4789.9-2014, China). Total DNA was extracted 
using a Campylobacter Nucleic Acid Test Kit (ZC-
CAMPY-003, Kangda Zhongchuang Biotechnology Co. 
LTD, China) and tested by agarose gel electrophoresis.

For measuring the relative content of stool water, 
fresh stools were obtained from rats under manual 
restraint by spontaneous or perianal-stimulated de-
fecation, weighed, and then dried at 50 ℃ for 72 h 
followed by room temperature for 48 h. Dry stools were 
weighed again to determine the percent wet weight of 
stool.

Determination of PI-IBS
In the case of two consecutive tests with negative 
culture, rats were considered to get rid of infection. Rats 
without infection were kept separately from infected 
rats. After all of the rats no longer had detectable C. 
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bowel along which it contains the activated carbon and 
the length of the whole bowel were measured, and the 
ratio of these two lengths was taken as the intestinal 
transit rate (ITR)[40].

Real-time polymerase chain reaction
To evaluate the levels of SERT mRNA after treatment 
with LGG-s, colon and brain samples were harvested. 
Rats were sacrificed by cervical dislocation, and 
total RNA was prepared from 50 mg of tissue from 
each rat with Trizol, according to the manufacturer’s 
instructions (Life, Hilden, Germany). An iScriptcDNA 
synthesis kit (Bio-Rad Laboratories, Inc., Hercules, 
CA, United States) was used to synthesize the cDNA. 
The PCR were set up in a volume of 20 μL containing 
1.0 μL cDNA, 10 μL 2 × iQSYBR Green Supermix 
(Roche Applied Science), and 0.6 μL both forward 
and reverse primers, replenished with DEPC treated 
ddH2O. Quantitative RT-PCR was performed on an 
ABI One plus setup PCR thermocycler. The sequences 
of primers are given in Table 1. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was measured 
as an internal control. Relative mRNA expression was 
calculated using the 2-ΔΔCt method.

Western blot analysis
Proteins were extracted from colonic and cerebral 
tissues, and protein levels were quantified using a 
BCA kit (Beijing Solarbio Science and Technology Co., 
Ltd., Beijing, China), according to the manufacturer’
s instructions. The protein samples were separated 
by 10% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and transferred to a polyvinylidene 
fluoride membrane. The membrane was blocked with 5% 
nonfat milk, incubated with a primary antibody (SERT 
antibody: dilution 1:5000, EPR12735, Abcam Biotech 

jejuni in the stool, they were considered to be in the 
post-infectious time period. Fresh stool was collected 
for 3 consecutive days from all rats and graded by 
a modified Bristol Stool score[38]. Normal stool was 
graded as 1, soft and poorly formed stool graded as 2, 
and watery stool as 3. Five rats from the control group 
and four from the model group were randomly chosen 
to perform the tests. Visceral hypersensitivity was 
evaluated by abdominal withdrawal reflex (AWR) test, 
and the intestinal motility was detected. 

AWR experiment was done as previously repor-
ted[39]. Rats were fasted for 18 h before the test was 
performed. The night before AWR, balloons (7-8 
mm diameter) were inflated overnight to stretch the 
latex, then the balloons became compliant. Following 
anesthesia by ether inhalation, a balloon coated with 
paraffin oil was inserted into the rectum with the tail of 
the balloon, 1 cm from the anus, fixed at the base of the 
tail. The balloon was connected via a double barreled 
cannula, with one joint connected to the air pump and 
another connected to the pressure gauge. Rats were 
given 30 min to accommodate the environment. Then, 
the balloon was distended at the pressures of 20, 40, 
60 and 80 mmHg. Distention was sustained for 15 s, 
at intervals of 10 min. The distention was performed 
three times at each pressure, and the AWR scores were 
recorded. AWR was done by researchers who had no 
understanding of the experiment.

Intestinal motility was detected by activated carbon 
solution gavage. Before the experiment, rats were 
fasted for 24 h and then given 2 mL of 10% activated 
carbon solution through an inoculating needle. After 50 
min, rats were sacrificed by cervical dislocation. Then, 
a laparotomy was performed, and the whole bowel 
was taken out and moistened with PBS. The bowel 
was freely flattened on the table. The length of the 

Adult male SD rat 
(n  = 110)

PBS gavage 2 mL/d, 7 d C. jejuni  gavage 2 mL/d, 7 d

Control group 
n  = 25

PI-IBS model group 
n  = 85

One died with 
gavage trauma

Model evaluation
(control group n  = 5; PI-IBS group n  = 4, randomly)

PBS gavage 2 mL/d PBS gavage 2 mL/d Undiluted LGG-s 
gavage 2 mL/d

Double diluted LGG-s 
gavage 2 mL/d

Triple diluted LGG-s 
gavage 2 mL/d

Control group
(M, n  = 20)

PI-IBS PBS group
(A, n  = 20)

PI-IBS LGG-s group
(B, n  = 20)

PI-IBS LGG-s group
(C, n  = 20)

PI-IBS LGG-s group
(D, n  = 20)

Figure 1  Experimental flow chart.
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Company, Cambridge, United Kingdom; β-actin: dilution 
1:1000, 8457S, Cell Signaling Technology, Boston, 
United States) overnight at 4 ℃, and then incubated 
with a secondary antibody (dilution 1:10000, BA1054, 
Boster Biological Technology Co., Ltd, Wuhan, China) for 
1 h at room temperature. The immunoreactive bands 
were visualized using an ECL Western Blotting Substrate 
(Solarbio Life Sciences Co., Ltd, Beijing, China). β-actin 
was used as an internal control.

Statistical analysis
Statistical analyses were carried out using SPSS 22.0 
(SPSS, Chicago, IL, United States). Quantitative data 
are expressed as mean ± standard deviation. One-way 
analysis of variance (ANOVA) and post hoc tests (LSD 
and Dunnett’s T3) were used to compare the values 
of quantitative RT-PCR. For all analyses, P < 0.05 was 
defined as statistical significance.

RESULTS
Campylobacter colonization phase
A total of 110 rats were used in the study, none 
showed C. jejuni infection prior to the first gavage (as 
determined by stool culture), and all rats inoculated 
with C. jejuni exhibited C. jejuni colonization within 
3 d after gavage (1 rat died from severe gavage 
trauma). Thus, a total of 109 rats (25 control rats and 
84 PI-IBS model rats) were included before the model 
evaluation. 

Three to fourteen days after infection, rats in the 
control group had good spirits, normal activity, and 
glossy hair. However, rats in the PI-IBS model group 
were decadent, indolent, and lackluster. The general 
conditions were returned to normal in about 42 d.

The rat weight in the model group was significantly 
lower than that in the control group at the 3rd, 7th, 14th 
and 28th days (P < 0.05). After that, the weight in the 
model group was still lower than that in the control 
group with no statistical significance (P > 0.05).

The relative content of water in the fresh stool in 
the model group was significantly higher than that of 
the control group at the 3rd, 7th, 14th, 28th and 70th days 
(P < 0.05). At the 42th and 56th days, the model group 
was a little higher than the control group (Figure 2). 

Post-infectious phase
As two consecutive tests resulted in negative culture, 

rats were considered to be rid of infection. At the 42th 
day, 95% of the C. jejuni rats were no longer infected. 
At the 56th and 70th days, all C. jejuni rats tested 
negatively. At the 70th day, tests were done to evaluate 
the PI-IBS. The 3-d average Bristol score of stool and 
the intestinal transit rate were higher in the model 
group than in the control group (P < 0.05). AWR score 
of rats in the model group was also higher than that 
of the control group. However, there was no statistical 
difference between the two groups at the pressures of 
20 and 80 mmHg (P = 0.12 and 0.06, respectively) 
(Figure 3). 

Effects of LGG-s on SERT mRNA and SERT-P 
expression in rat intestinal tissues 
For the PI-IBS PBS gavage group (A), the levels of 
SERT mRNA expression were lower than those of the 
control group (M) throughout the experiment. How-
ever, only at the 3rd week, SERT mRNA expression in 
group A was significantly lower than that in group M 
by 0.7-fold (P = 0.023, P < 0.05).

Undiluted LGG-s (B) up-regulated SERT mRNA 
expression level by 1.8-fold compared with group A 
by the 1st week (P = 0.002), and the level was slightly 
higher than that of group M (P > 0.05). By the end 
of the 2nd week, the level of SERT mRNA in group B 
was 2.67 times and 3.7 times higher than those in 
groups M and A, respectively (P = 0.018 and 0.012, 
respectively). SERT mRNA expression in group B 
increased continuously, and at the 3rd week, it was 
4.4-fold, 6.1-fold, and 1.7-fold more than those in 
groups M, A, and D (triple diluted LGG-s), respectively 
(P = 0.003, 0.003 and 0.028, respectively), although 
there was no significant difference between groups 
B and C (double diluted LGG-s). By the last week, 
the level of SERT mRNA in group B was only 2.1-fold 
higher than that in group A (P = 0.016).

Double diluted LGG-s (C) moderately increased 
SERT mRNA levels by 1.8-fold compared with group A 
by the 1st week (P = 0.027). The level of SERT mRNA 
in group C was 2.3-fold higher than that of group A 
at the 2nd week (P = 0.012), and 4.6-and 6.4-fold at 
the 3rd week, and 1.9-and 2.6-fold at the last week 
compared to groups M and A (P = 0.012, 0.009, 0.032, 
and 0.011, respectively). However, there was no 
statistical significance between groups C and D at the 
2nd week (P > 0.05).

Triple diluted LGG-s (D) significantly up-regulated 
SERT mRNA expression levels by 6.9-, 9.4-, 5.3- and 
5.1-fold compared to groups M, A, B, and C at the end 
of the first week (P = 0.02, 0.01, 0.002, and 0.002, 
respectively), but the level decreased rapidly at the 
end of the 2nd week. The SERT expression levels were 
similar between the 2nd week and the 3rd week, which 
were 2.3- and 2.5-fold higher compared to group M (P 
= 0.015 and 0.001, respectively) and 3.1- and 3.5-fold 
higher compared to group A (P = 0.009 and 0.028, 
respectively). 

Gene Sequence (5’-3’)

rGAPDH Forward: 5’-CCATCAACGACCCCTTCATT-3’
Reverse: 5’-GACCAGCTTCCCATTCTCAG-3’

rSERT Forward: 5’-ACTGTTACCAAGATGCCCTG-3’
Reverse: 5’-ATCTTCATTCCTCATCTCCGC-3’

Table 1  Primer sequences for RT-PCR

rGAPDH: Rat glyceraldehyde-3-phosphate dehydrogenase; rSERT: Rat 
serotonin transporter.
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The variation tendency of SERT-P level was similar 
to that of SERT mRNA. SERT-P level was lower in 
group A than in group M during the whole experiment, 
and there was no significant difference only at the 3rd 
week (P = 0.177). SERT-P level was similar between 
groups B and A, although it was lower in group B than 
in all other groups, at the 1st week. SERT-P level was 
comparable in groups B, C, and D by the 2nd and 3rd 
weeks. SERT-P level was slightly higher in groups B, C, 
and D than in group M at the 4th week, but there was 
no statistical significance (Figure 4). 

Effect of LGG-s on SERT mRNA and SERT-P expression 
in rat brain tissues 
There were no statistical differences in SERT mRNA 
or SERT-P expression between the different dilution 
concentrations. The levels of SERT mRNA in groups 
B, C, and D had a little increase compared to groups 
M and A at the 1st week, but turned lower at the last 
week. Double diluted LGG-s resulted in a minuscule 
increase in SERT-P at the 3rd week, which declined at 
the end of the study (Figure 5). 

DISCUSSION
According to the Rome Ⅳ criteria, IBS is one of the lower 

gastrointestinal tract disorders, which identify about two 
thirds of suffers, along with requiring that the pain either 
be relieved by defecation or associated with changes in 
stool frequency or/and consistency[8,41,42]. PI-IBS often 
exhibits characteristics of diarrhea, and patients often 
have a history of acute gastrointestinal infection[9-12]. 
Many studies showed that infection with C. jejuni strain 
correlates with the development of PI-IBS[43-45]. C. 
jejuni produces a range of toxins including cytolethal 
distending toxin, which first produces a secretory dia-
rrhea in the small intestine, subsequently invading the 
distal ileum and colon to produce an inflammatory 
ileocolitis[46]. Therefore, C. jejuni was used to build a 
model of PI-IBS in this study. The mechanisms that 
underlie chronic disturbance of gut function are thought 
to involve chronic microscopic mucosal inflammation, 
visceral hypersensitivity, dysregulation of gut microbiota, 
and abnormal neuromuscular function[47-50].

5-HT was found in the gastrointestinal tract and 
central nervous system (CNS). It functions both as 
a neurotransmitter and as a local hormone in the 
peripheral vascular system in the gut[51]. About 95% 
of body 5-HT is found in the gastrointestinal tract, with 
90% in enterochromaffin cells (EC cell) and 10% in 
serotonergic neurons of myenteric plexus[51,52]. As a 
signal transducer and neurotransmitter, 5-HT is a key 
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molecule, regulating visceral perception and intestinal 
motility[53]. 5-HT exerts its action by binding to its 
receptors (5-HT1 to 5-HT7) present in both intrinsic and 
extrinsic primary afferent neurons[54]. Serotonin receptors 
that are known to affect gut motor functions are those 
belonging to the 5-HT1, 2, 3, 4 and 7 subtypes[55-57]. 5-HT 
receptors contract effector cells when bound by 5-HT2A 
and relax cells by 5-HT4 and 5-HT7 subtypes[58]. Neuronal 
5-HT3 leads to increased release of acetylcholine from 
cholinergic neurons[52]. The release of 5-HT acting on 
effector cells leads to secretory reflexes, peristaltic 
reflexes, and if superfluous, diarrhea, abdominal 
pain, or visceral hypersensitivity[59]. Clinical trials have 
shown an increased level of 5-HT in IBS[60-62]. Serotonin 
reuptake transporter (SERT) plays an irreplaceable role 
in 5-HT inactivation by decreasing the content of 5-HT 
in the synaptic cleft[63]. SERT on the cell membrane of 
enterocytes is vital to transport 5-HT into the cell, with 
5-HT metabolized by monoamine oxidase[64]. SERT 
was expressed by nearly all of the intestinal epithelial 
cells on the surface of the lumen[65]. Biochemical 
abnormalities in PI-IBS patients including hyperplasia 
of the EC cells and depressed 5-hydroxyindole acetic 
acid/5-HT ratio suggested impaired SERT function[44]. 
Many researchers have demonstrated that IBS patients 
have a remarkably lower level of SERT expression in 
the intestine[66]. Coates et al[17] first demonstrated a 
significantly decreased level of SERT in IBS. 

SERT expression can be regulated by a series of 
factors, such as gene polymorphisms, microRNAs, immu-
nity, inflammation, gut microbiota, and growth factors[67]. 
The SERT gene, SLC6A4, containing 5-HTTLPR[19], VNTR 
STin2[68], and functional single nucleotide polymorphisms 
(SNPs), has a positive association with etiology of 
IBS[69]. 5-HTTLPR is the most frequently studied, which 
is subdivided into long (L) and short (S) alleles[19]. 
Previous studies found that the frequency of L/L geno-
type is significantly higher in C-IBS than those of L/S 
and S/S genotypes[21]. VNTR showed a higher ratio of 
STin2.12/10 and a lower ratio of STin2.12/12 in IBS[25]. 

 Immune activation of the gut mucosa plays a 
critical role in EC cell hyperplasia and reduced SERT 
activity in PI-IBS[70,71]. Foley et al[72] found that SERT 

mRNA had a lower level in D-IBS, which was correlated 
with increased numbers of mucosal intraepithelial lym-
phocytes and mast cells. Pro-inflammatory mediators, 
such as IFN-γ and tumor necrosis factor-α, reduce the 
expression of SERT mRNA, SERT-P, and SERT function 
in Caco-2 cells[72]. However, a protective cytokine, 
transforming growth factor-β1, could rapidly activate 
SERT activity and inhibit intestinal inflammation via 
PI3K and syntaxin 3[73]. The acute infection of C. jejuni 
produces diarrhea in the small intestine, and leads to 
the inflammatory response, which increases the ratio 
of pro-/anti-inflammatory factors. In other words, the 
SERT mRNA and SERT-P levels in intestinal tissues 
were significantly decreased in the PI-IBS PBS group 
than in controls. The highest concentration of LGG-s 
did not induce the highest expression of SERT, which is 
inconsistent with a previous study which found a dose-
dependent up-regulation of expression of SERT[34]. This 
may due to the differences in the contents of various 
substances (proteins, fatty acids, inorganic salts, etc.) 
in the supernatant, which, combined with previous C. 
jejuni infection, could lead to different immune activation. 

In addition, gut host-microbial interactions are 
important factors in IBS. Studies have found that 
Lactobacillus, Bifidobacterium, Actinobacteria, and 
Bacteroidetes were decreased[74-76], while Proteo
bacteria, Firmicutes, and Firmicutes/Bacteroidetes 
ratios were increased in fecal samples of IBS-D 
patients[77]. Enteropathogenic E. coli and E. coli Nissle 
1917 could decrease SERT mRNA and increase 5-HT 
bioavailability[78,79]. Our previous study proved that 
LGG-s could up-regulate the SERT mRNA and SERT-P 
levels in enterocytes and mouse intestinal tissues[34]. 
In this study, we also proved that LGG-s had a positive 
effect on SERT expression in colon tissues in PI-IBS 
rats. It may provide a novel solution for the treatment 
of IBS. Further studies are needed to find whether 
LGG-s has any impact on the composition of rat gut 
microbiota. 

 Growth factors, such as epidermal growth factor, 
basic fibroblast growth factor, and nerve growth 
factor, may be involved in the up-regulation of SERT 
expression[80-82]. A protein, known as p40, expressed 
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by LGG, activates epidermal growth factor receptor 
(EGFR)[35], which might activate the mechanism of 
LGG-s induced up-regulation of SERT expression. 

Gender may be another factor. Although IBS is an 
universally disease, women are more likely to suffer 
from this illness than men[83]. It has been found that 
SERT mRNA levels in the rectal mucosa of women with 
IBS-D were higher than those in men. Female SERT 
knockout rats showed remarkable visceral hypersensiti-
vity than male rats[84]. However, male animals were also 

commonly used in PI-IBS research[85,86]. Ibeakanma et al[87] 
found that brain-gut interactions could exaggerate 
peripheral nociceptive signaling in male mice with PI-
IBS. An experimental model of male mouse induced 
by stress or Giardia also showed prominent visceral 
hypersensitivity[88]. As for this study, male rats were 
selected to perform the research.

Alterations in the bidirectional interactions between 
the gut and the nervous system play an important 
role in IBS pathophysiology and symptom generation. 

SE
RT

 m
R
n

A 
le

ve
l

SE
RT

 m
R
n

A 
le

ve
l

SE
RT

 m
R
n

A 
le

ve
l

SE
RT

 m
R
n

A 
le

ve
l

Pr
ot

ei
n 

le
ve

ls
 

(f
ol

d 
ch

an
ge

)
Pr

ot
ei

n 
le

ve
ls

 
(f

ol
d 

ch
an

ge
)

Pr
ot

ei
n 

le
ve

ls
 

(f
ol

d 
ch

an
ge

)
Pr

ot
ei

n 
le

ve
ls

 
(f

ol
d 

ch
an

ge
)

2.0

1.5

1.0

0.5

0.0
M          A          B          C          D

h

Week 4

2.5

2.0

1.5

1.0

0.5

0.0
M          A          B          C          D

d

Week 3

d

d

2.5

2.0

1.5

1.0

0.5

0.0
M          A          B          C          D

d

Week 2

d
d

2.0

1.5

1.0

0.5

0.0
M          A          B          C          D

g

c

Week 1

c

c

2.5

2.0

1.5

1.0

0.5

0.0
M        A         B         C         D

f

e

Week 4

6

4

2

0
M         A          B          C          D

f
d

Week 3

d

c

4

3

2

1

0
M         A          B          C          D

d

e

Week 2

d

10

8

6

4

2

0
M         A          B          C          D

b

c

Week 1

M         A            B             C          D

Week 1

SERT

β-actin

M         A            B             C          D

Week 2

SERT

β-actin

M         A            B             C          D

Week 3

SERT

β-actin

M         A            B             C          D

Week 4

SERT

β-actin

A B C

Figure 4  Effect of LGG-s on SERT mRNA and SERT-P expression in rat intestinal tissues. A: SERT mRNA levels at the first, second, third, and fourth weeks; 
B: SERT-P levels at the first, second, third, and fourth weeks analyzed by Western blot; C: Quantitative analysis of SERT-P levels at the first, second, third, and fourth 
weeks analyzed by Western blot. bP < 0.05 vs B or C; cP < 0.05 vs all others; dP < 0.05 vs M or A; eP < 0.05 vs A; fP < 0.05 vs M, A or D; gP < 0.05 vs M, C or D; hP < 0.05 
vs M or D. Control group, n = 5; PI-IBS group, n = 5, each week. 

Cao Yn et al . Effect of LGG-s on SERT expression in PI-IBS rats



346 January 21, 2018|Volume 24|Issue 3|WJG|www.wjgnet.com

Communication between the gut and the CNA, both in 
the ascending (gut-to-brain) and descending (brain-
to-gut) directions, is called the gut-brain axis[89]. Gut 
microbes may communicate with the gut-brain axis 
via production of neuro-active and neuroendocrine 
molecules such as serotonin, aminobutyric acid (GABA), 
histamine, noradrenaline, and adrenaline[90]. Lactobacilli 
can convert glutamate into GABA[91], and administration 
of L. rhamnosus JB-1 to mice altered the patterns 
of GABA receptors in the brain[92]. There is very little 
study about the changes of SERT in the CNS. However, 
no significant differences were found in SERT expres-
sion between the LGG-s treated group and the control 
group in this study. It is possible that the signal might 

be prevented from entering the brain by the blood-
brain barrier (BBB)[93]. The connections between cells in 
the BBB are tighter, which greatly limits the endothelial 
permeability via para-cellular and trans-cellular trans-
port pathways[94]. The exchange of substances in the 
blood and brain is mainly accomplished by various 
transporters expressed in vascular endothelial cells[95]. 
Regulators or neurotransmitters, secreted by LGG, may 
lack specific transporters. Because of the BBB, it is 
very difficult for 5-HT in the blood to enter the CNS, 
whereas 5-HT in the central and peripheral nerves is a 
separate system with different functions. Therefore, as 
a reuptake transporter, SERT may also be regulated in 
different ways. The effect of LGG injected directly into 
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the brain is still need to be studied.
In conclusion, we found that LGG-s up-regulated 

SERT expression in intestinal tissues, but had no 
statistical effect in brain tissues in PI-IBS rats. By 
decreasing 5-HT levels, LGG-s may be a potential 
strategy for helping improve clinical symptoms of IBS.

ARTICLE HIGHLIGHTS
Research background
Probiotics have been approved to be used to relieve irritable bowel syndrome 
(IBS), and Lactobacillus rhamnosus GG (LGG) is the best studied member of 
lactic acid bacteria and has supportive therapeutic efficacy in IBS. However, 
the mechanism remains a significant challenge to researchers. This study 
developed a PI-IBS model to evaluate the effect of LGG supernatant on 
serotonin transporter expression.

Research motivation
This study is a part of a National Natural Science Foundation of China project. 
On the basis of developing an experimental model of PI-IBS, this research 
explored the effect of LGG-s on SERT levels in intestinal and brain tissues. 

Research objectives
This study detected the expression levels of SERT mRNA and SERT-P to 
evaluate the effect of LGG-s in PI-IBS rats, which were infected with C. jejuni. 
LGG-s could up-regulate SERT mRNA and SERT-P levels in rat intestinal 
tissues but had no influence in rat brain tissues. The more detailed research on 
LGG-s will contribute to more accurate treatment of IBS.

Research methods
The model group of PI-IBS (n = 85) was given C. jejuni (1010 CFU/mL, 2 mL/d 
per rat) for 7 d, then the body weight of the rats and the relative content of 
stool water were measured to evaluate the phase of infection, and the fresh 
stool specimens were cultured for the presence of C. jejuni on Campylobacter 
selective agar plates. After the model evaluation, the rats were regrouped, 
and each group was gavaged with different concentrations of LGG-s. The 
treatments were maintained for 1.0, 2.0, 3.0 or 4.0 wk during the experiment. 
Then, SERT expression was detected by RT-PCR and Western blot to evaluate 
the effect of LGG-s.

Research results
The levels of SERT mRNA and SERT-P in intestinal tissues were up-regulated 
by treatment with LGG-s of different concentrations. Triple-diluted LGG-s 
showed a more significant difference within a short term, while, in the long run, 
undiluted and double-diluted LGG-s proved better. However, there were no 
significant differences in SERT mRNA and SERT-P in the brain tissues between 
each group, with or without treatment with LGG-s. Some factors and differences 
in the contents of various substances (proteins, fatty acids, inorganic salts, 
etc.) in the supernatant may induce a different increase in SERT levels. More 
detailed research about LGG-s is needed.

Research conclusions
This study demonstrates that LGG-s up-regulates SERT expression in intestinal 
tissues, but has no statistical effect in brain tissues in PI-IBS rats. The previous 
study has proved that LGG-s could up-regulate the SERT levels in intestinal 
tissues in healthy mice. Moreover, LGG-s led to dose-dependent expression 
of SERT. The contents of substances in the supernatant, combined with their 
different concentrations, molecular mass, and previous C. jejuni infection, may 
result in this phenomenon. Therefore, more detailed research about LGG-s and 
relief of clinical symptoms with the treatment of LGG-s would be done in our 
next work.

Research perspectives
The infection with C. jejuni could help to build a PI-IBS model with lower 
expression of SERT. For the future accurate treatment of IBS, proteomics 

analysis of LGG-s is important and urgent. 
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