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Abstract In this study, the preventative effects of Lacto-

bacillus plantarum YS-3 (LP-YS3) on colitis were studied

using an in vitro animal experiment. Oxazolone was

administered to BALB/c mice to induce colitis, and the

preventive effects of LP-YS3 were determined using

serum- and tissue-related indexes. The mice treated with

LP-YS3 showed a significant decrease (p\ 0.05) in dis-

ease activity index for colitis by inhibiting colon shortening

and increasing colon weight/length ratio. The application

of LP-YS3 resulted in a significant reduction in

myeloperoxidase, nitric oxide, and malondialdehyde

activities and a decrease in glutathione activity (p\ 0.05)

in mouse colon tissues. LP-YS3 also significantly increased

serum interleukin-2 and reduced interleukin-10 cytokines

levels in mice (p\ 0.05). Reverse transcription-poly-

merase chain reaction and western blot assays showed that

LP-YS3 application resulted in a significant increase in

neuronal nitric oxide synthase, endothelial nitric oxide

synthase, c-Kit, and stem cell factor expressions and a

decrease in inducible nitric oxide synthase, interleukin-8,

and C-X-C motif chemokine receptor 2 expressions in

mouse colonic tissues (p\ 0.05). These findings indicate

that LP-YS3 imparts preventative effects on oxazolone-

induced colitis in mice.
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Introduction

Ulcerative colitis (UC) is an inflammatory bowel disease

that increases the risk of colon cancer as well as signifi-

cantly alters the quality and lifestyle of people within the

age range of 20–50 years [1]. Many current research

studies are the pathogenesis and treatment of UC, which

generally emphasize that it is essential to control the dis-

ease [2]. However, clinical treatment using UC drugs

imparts side effects when administered long term. There-

fore, there is a need to identify a safe and effective drug for

the treatment of UC [3]. Recent investigations have shown

that intestinal flora is strongly associated with UC by

participating in eliciting mucosal immune responses, which

is a hallmark of inflammatory bowel disease. Supplemental

application of probiotics is thus considered as an effective

technique in relieving symptoms of UC by regulating

intestinal flora [4, 5].

Lactic acid bacteria are beneficial to the human body by

promoting nutrient absorption, improving the function of

the gastrointestinal tract, inhibiting the spread of spoilage

bacteria, assisting in bolus removal, enhancing human

immunity and resistance, and eliminating free radicals.

Xia Feng and Jing Zhang have contributed equally to this work.

& Xin Zhao

zhaoxin@cque.edu.cn

& Jia-Le Song

songjiale@glmc.edu.cn

1 Chongqing Collaborative Innovation Center for Functional

Food, Chongqing University of Education, Main Street 9,

Nan’an District, Chongqing 400067, People’s Republic of

China

2 Department of Environmental and Quality Inspection,

Chongqing Chemical Industry Vocational College,

Chongqing, People’s Republic of China

3 Department of Nutrition and Food Hygiene, School of Public

Health, Guilin Medical University, Huancheng North 2 Road

109, Guilin 541004, Guangxi, People’s Republic of China

123

Appl Biol Chem (2018) 61(3):355–363 Online ISSN 2468-0842

https://doi.org/10.1007/s13765-018-0359-3 Print ISSN 2468-0834

http://crossmark.crossref.org/dialog/?doi=10.1007/s13765-018-0359-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13765-018-0359-3&amp;domain=pdf
https://doi.org/10.1007/s13765-018-0359-3


These have also been shown to possess anti-aging and anti-

inflammatory properties [6, 7]. Lactobacillus can also

relieve intestinal inflammation by secreting metabolites

that impart stimulatory effects on intestinal mucosal lymph

nodes, thereby enhancing the activity of immune system-

related cells and macrophages [8]. Lactic acid bacteria may

be directly used or acquired through the consumption of

fermented food. Current research on the use of lactic acid

bacteria on colitis has mainly focused on commercial

strains. The present study investigated the mechanism by

which lactic acid bacteria inhibit colitis progression using

both in vitro and in vivo assays [9]. Some lactic acid

bacteria that can prevent certain types of colitis are already

used as traditional food, although details on its underlying

mechanism remain unclear [10].

Yak yogurt is a common, highly nutritious, naturally

fermented food used by the ethnic minority in Qinghai–

Tibet Plateau. Studies have shown that yak yogurt has a

variety of physiological activities, including anti-oxidation,

inhibition of cholesterol, and improvement of immunity

[11]. Qinghai–Tibet Plateau is a special natural fermenta-

tion environment, wherein yak milk is fermented in Tibe-

tan unique fermentation vessels, which contributes to the

unique yak yogurt flavor and quality [12]. We previously

reported that the isolated lactic acid bacteria in Tibet has

specific intestinal benefits, wherein it more effectively

relieves constipation than the common L. bulgaricus,

thereby suggesting that it may potentially be of higher

commercial value. L. plantarum YS-3 (LP-YS3), which is

the main component of yak yogurt made in Yushu Tibetan

Autonomous Prefecture, Qinghai Province, imparts anti-

gastric acid and anti-biliary effects. We earlier investigated

the physiological activities of lactic acid bacteria in yak

yogurt from Qinghai–Tibet Plateau, which exhibited

antioxidative activity and preventative effects against

constipation [13]. The present study assessed the effects of

LP-YS3 on apoptosis in oxazolone-induced colitis in a

mouse model. The results of this study provide theoretical

basis for further development of LP-YS3 for public use and

other therapeutic strategies.

Materials and methods

Identification of microbial strain

The isolated lactic acid bacteria were identified as L.

plantarum YS3 (LP-YS3) from naturally fermented yak

yoghurt which was obtained from a herdsman family in

Qinghai–Tibet Plateau in Yushu, China, by our research

team. Then, this lactic acid bacteria were submitted to the

China Center for Type Culture Collection (CCTCC) under

the preservation number M2016749. And the L. bulgaricus

(LB, CCTCC AB 200048) was also purchased from

CCTCC, which was used in this study.

Animal grouping and intervention

Fifty BALB/c mice were randomly divided into five

groups, namely normal, control, LB treatment, low-con-

centration LP-YS3 treatment (LP-YS3-L), and high-con-

centration LP-YS3 treatment (LP-YS3-H) groups, with 10

rats in each group. The normal and control groups were fed

the common meal without any other treatment. The LB,

LP-YS3-L, and LP-YS3-H of LP-YS3 treatment groups

were intragastrically administered 2 mL of a suspension,

respectively, containing 1 9 109, 1 9 108, and 1 9 109

CFU/kg [13], which was repeated for 26 days continu-

ously. On 15th day after initiation of the experiment, a

2 cm 9 2 cm area on the abdomen of all mice was shaved

and served as site of application of ethanol or oxazolone.

Approximately 0.2 mL of ethanol (99%) was applied to the

abdomen of the control group, whereas 0.2 mL of an

oxazolone solution was administered to the other groups

(3% by mass, 99% ethanol as solvent). On 19th day of the

experiment, the mice were fasted for 24 h and later induced

into anesthesia (0.1 mL/10 g in chloral hydrate). A 3.5-cm

silicon pipe was inserted into the intestines of each mouse.

Approximately 0.15 mL of a 50% ethanol solution was

injected into the control mice via the silicon pipe, whereas

the other groups received 0.15 mL of a 1% oxazolone

solution (mass ratio, 50% ethanol as solvent). The catheter

was pulled out after 20 s, and the mice were inverted for

30 s [5]. On the 26th day, the mice were killed, their

plasma was collected, and the weight and length of the

colon of each mouse were measured. In addition, disease

activity index (DAI) was calculated (Table 1) using the

following equation: DAI = (Weight loss ? Stool ? Blood

stool fraction)/3 (SYXK (Yu) 2017-0023).

Determination of MPO, NO, GSH, MDA, and SOD

activities of mouse colonic tissues

The isolated colonic tissues were washed with saline

solution at a volume times the weight of the colon mass.

Table 1 Disease activity index scoring standard

Weight decrease (%) Stool character Hematochezia Score

No decrease Normal Occult blood (-) 0

1–5 Normal Occult blood (-) 1

6–10 Semi-sparse stool Occult blood (?) 2

11–15 Semi-sparse stool Occult blood (?) 3

[ 15 Sparse stool Visible blood 4
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After washing, the colonic tissues were homogenized by

ultrasonic crushing, and the MPO, NO, GSH, MDA, and

SOD activities in the colon tissue were determined

according to the kit instructions [14].

Determination of serum inflammatory cytokine

levels of mice

The serum levels of cytokines IL-2 and IL-10 of the mice

were determined using enzyme linked immunosorbent

assay (ELISA) according to the instructions provided in the

kit [14].

Reverse transcription-polymerase chain reaction

(RT-PCR) profiling of mouse colonic tissues

RNA was extracted from homogenized tissues of the small

intestine using RNAzol, and the final RNA concentration

was adjusted to 1 lg/lL. Approximately 1 lL of oli-

godT18, RNase, dNTP, MLV and 10 lL of a 59 buffer

were added into 2 lL diluted liquidity. cDNA was syn-

thesized using the following conditions: 37 �C for

120 min, 99 �C for 4 min, and 4 �C for 3 min. mRNA

expression of nNOS, eNOS, iNOS, c-Kit, SCF, IL-8, and

CXCR2 was determined by RT-PCR (94 �C for 5 min;

followed by 30 cycles of 94 �C for 30 s, 80 �C for 30 s,

72 �C for 30 s, and a final 72 �C for 5 min) (Table 2).

GAPDH was used an internal reference. The PCR products

were resolved by 1% agarose gel electrophoresis, followed

by ethidium bromide staining and analysis using

Image 1.44 software [14].

Western blot assay

Approximately 0.5 g of colonic tissues was used in pro-

ducing 1 mL of cell lysate from each mouse. Briefly, the

tissues were homogenized and then centrifuged at

1200 rpm at 4 �C, and the supernatant was collected and

stored in - 80 �C until analysis. A protein standard curve

was generated to measure the protein concentration of each

sample according to the instructions of the BCA protein

concentration assay kit (Thermo Fisher Scientific, Wal-

tham, MA, USA). Approximately 150 lg of protein was

mixed with 29 buffer solution, which was followed by

12% SDS-PAGE (Thermo Fisher Scientific) gel elec-

trophoresis at 140 V for 2 h. The resolved proteins were

then transferred onto a PVDF membrane (Thermo Fisher

Scientific) at 4 �C, 100 mA, for 1 h and then blocked using

5% skim milk at 25 �C, with shaking for 1 h. After incu-

bating overnight at 4 �C, the membranes were washed with

TBST thrice, each time for 10 min. Then, the membranes

were incubated at 25 �C for 2 h with a secondary antibody

(Thermo Fisher Scientific), followed by washing thrice

with TBST for 10 min each. Finally, the gray value of each

group was compared [15].

Statistical analysis

All the experimental determinations were repeated thrice,

and the average of the three experimental results was cal-

culated. The SAS9.1 statistical software was used to ana-

lyze whether the data of each group significantly differed

from each other at the P\ 0.05 level using one-way

ANOVA.

Results

DAI scoring of mice

The DAI scores of mice of different groups are presented in

Table 3. On the 20th, 22nd, and 25th day of the study, the

mice with oxazolone-induced colitis in the control group

showed the highest DAI scores, whereas the LB and LP-

YS3 treatment groups exhibited a reduction in DAI scores,

and those that received a high concentration of LP-YS3

(LP-YS3-H group) presented the lowest DAI scores.

Colon length and weight of mice

The colon length and weight of mice are presented in

Table 4. After oxazolone treatment, the colon length of the

mice decreased compared to the oxazolone-untreated

control mice (normal); therefore, the mice in the control

group had the shortest colon, and the colon length of mice

in the LP-YS3-H group was significantly higher than in the

LB and LP-YS3-L groups.

Measurement of enzyme activity in the mouse colon

tissues

The activity of MPO, NO, GSH, and MDA in colon tissues

of mice was determined (Table 5). The MPO, NO, and

MDA levels in colonic tissues of the control group were the

lowest, whereas those of GSH were the highest. The MPO,

NO, and MDA levels of the LP-YS3-H group were lower

than those of the other groups and higher than those of the

normal group. Similarly, GSH levels of the YS3-H group

were almost the same as the control. The LB and LP-YS3-

H groups also had higher GSH levels and lower MPO, NO,

MDA levels than the control.

Serum cytokine levels of mice

The serum IL-2 and IL-10 cytokine levels of the mice are

shown in Table 6. The IL-2 levels of the control group
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were the highest, whereas the IL-10 levels were the lowest.

LP-YS3-H treatment could raise the IL-10 level and reduce

the IL-2 level compared to the untreated colitis mice

(control), and these levels were closest to the normal group.

nNOS, eNOS, and iNOS expressions in mouse

colonic tissues

RT-PCR and western blotting observed the highest mRNA

and protein expression levels of nNOS and eNOS in the

colon tissues of the control mice, whereas those of iNOS

were the lowest (Fig. 1, Table 7). After inducing colitis,

nNOS and eNOS expressions decreased, whereas iNOS

expression increased, and LP-YS3 could inhibit these

changes. The LP-YS3-H group showed higher nNOS and

eNOS expression levels and lower iNOS expression levels

than the LP-YS3-L, LB, and control groups.

c-Kit and SCF expressions in mouse colonic tissues

c-Kit and SCF mRNA and protein expression levels in the

colonic tissues of the control group were lowest, whereas

those of the normal group were the highest (Fig. 2,

Table 8). c-Kit and SCF expression levels in the LP-YS3-

H, LP-YS3-L, and LB groups decreased, whereas those of

the c-Kit and SCF in the LP-YS3-H group were only lower

than those of the normal group.

IL-8 and CXCR2 expressions in mouse colonic

tissues

The highest IL-8 and CXCR2 mRNA and protein expres-

sion levels were observed in the colonic tissues of the

control mice (Fig. 3, Table 9). LP-YS3 and LB treatment

reduced the IL-8 and CXCR2 expressions in colonic tissue,

with the LP-YS3-H group exhibiting a decrease in

expression levels that were closest to the normal group.

Table 2 Reverse transcription-

polymerase chain reaction

primers used in this study

Gene Sequence

nNOS Forward: 50-GAA TAC CAG CCT GAT CCA TGG AA-30

Reverse: 50-TCC TCC AGG AGG GTG TCC ACC GCA TG-30

eNOS Forward: 50-GGA GAG GCT GCA TGA CAT TG-30

Reverse: 50-GGT AGA GCC ATA GTG GAA TGA C-30

iNOS Forward: 50-AGA GAG ATC GGG TTC ACA-30

Reverse: 50-CAC AGA ACT GAG GGT ACA-30

c-Kit Forward: 50- AGA CCG AAC GCA ACT -30

Reverse: 50- GGT GCC ATC CAC TTC A -30

SCF Forward: 50- AAA CTG GTG GCG AAT -30

Reverse: 50- CAC GGG TAG CAA GAA -30

IL-8 Forward: 50-AGA AGC ATG GCC CAG AAA TCA-30

Reverse: 50-GGC CTT GTA GAC ACC TTG GT-30

CXCR2 Forward: 50-GAA CAA AGG CAA GGC TAA-30

Reverse: 50-AAC ATA ACA ACA TCT GGG CA-30

GAPDH Forward: 50-CGG AGT CAA CGG ATT TGG TC-30

Reverse: 50-AGC CTT CTC CAT GGT CGT GA-30

nNOS neuronal nitric oxide synthase, eNOS endothelial nitric oxide synthase, iNOS inducible nitric oxide

synthase, SCF stem cell factor, IL-8 interleukin-8, CXCR2 C-X-C motif chemokine receptor 2, GAPDH

glyceraldehyde-3-phosphate dehydrogenase

Table 3 Disease activity indices of different groups of mice

Group 20th day 22nd day 25th day

Normal 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d

Control 2.12 ± 0.26a 2.79 ± 0.31a 3.22 ± 0.28a

LB 1.84 ± 0.23b 1.93 ± 0.22b 2.13 ± 0.25b

LP-YS3-L 1.71 ± 0.20b 1.87 ± 0.19b 2.01 ± 0.23b

LP-YS3-H 1.52 ± 0.22c 1.59 ± 0.16c 1.79 ± 0.22c

Values presented are the mean ± standard deviation (N = 10/group)

LB, Lactobacillus bulgaricus [1 9 109 colony-forming units (CFU)/

kg body weight (bw)]; LF-YS3-L, L. plantarum YS3, low dose

(1 9 108 CFU/kg bw); LF-YS3-H, L. plantarum YS3, high dose

(1 9 109 CFUs/kg bw)
a–dMean values with different letters in the same column are signifi-

cantly different (P\ 0.05) based on Duncan’s multiple range test
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Discussion

Colitis can cause weight loss, diarrhea, bleeding, and other

severe symptoms, and these symptoms are used as scoring

standards of DAI to determine the degree of colitis [13].

The DAI index shows that LP-YS3 decreases the symp-

toms of oxazolone-induced colitis, and the effects were

more pronounced with a higher dose. Colon length and

colonic weight/colon length ratio were used to determine

the criteria for colitis, and the mouse model showed shorter

colon length than the normal mouse and a lower colon/-

colon length ratio [16]. The results of this study show that

colon length and colon weight/colon length ratio in the LP-

YS3 high-concentration group were significantly higher

than those in the control group, which in turn were slightly

lower than those in the normal group.

The observed increase in MPO activity in the colon

indicates a decrease in neutrophil aggregation in inflam-

matory tissues [17]. During inflammation of the colon, NO

generated by the iNOS aggravates colon tissue damage,

which in turn increases NO content and MPO activity,

thereby intensifying the degree of inflammation [3]. Colitis

can also lead to excessive production of reactive oxygen

Table 4 Colon length and ratio

of colon weight/colon length of

different group mice

Group Colon length (cm) Colon weight/colon length (mg/cm)

Normal 9.6 ± 0.5a 40.4 ± 2.3a

Control 3.6 ± 0.6d 12.7 ± 1.2e

LB 5.3 ± 0.7c 23.1 ± 1.5d

LP-YS3-L 5.9 ± 0.5c 28.3 ± 1.9c

LP-YS3-H 7.7 ± 0.5b 35.3 ± 1.6b

Values are presented as the mean ± standard deviation (N = 10/group)

LB, Lactobacillus bulgaricus [1 9 109 colony-forming units (CFU)/kg body weight (bw)]; LF-YS3-L, L.

plantarum YS3, low dose (1 9 108 CFU/kg bw); LF-YS3-H, L. plantarum YS3, high dose (1 9 109 CFU/

kg bw)
a-eMean values with different letters in the same column are significantly different (P\ 0.05) according to

Duncan’s multiple range test

Table 5 MPO, NO, GSH, and

MDA activities in colon tissues

of different mouse groups

Group MPO

(mU/mg)

NO

(lmol/gprot)

GSH

(lmol/mg)

MDA (nmol/mg)

Normal 6.32 ± 0.13e 0.31 ± 0.06e 8.12 ± 0.52a 0.42 ± 0.04e

Control 32.05 ± 2.44a 3.45 ± 0.51a 2.36 ± 0.35e 1.69 ± 0.36a

LB 22.31 ± 1.71b 2.75 ± 0.41b 4.02 ± 0.45d 1.12 ± 0.28b

LP-YS3-L 16.25 ± 1.42c 1.97 ± 0.35c 5.33 ± 0.42c 0.88 ± 0.15c

LP-YS3-H 9.78 ± 0.61d 1.06 ± 0.40d 6.48 ± 0.31b 0.63 ± 0.14d

Values are presented as the mean ± standard deviation (N = 10/group)

MPO, myeloperoxidase; NO, nitric oxide; GSH, glutathione; MDA, malondialdehyde; LB, Lactobacillus

bulgaricus [1 9 109 colony-forming units (CFU)/kg body weight (bw)]; LF-YS3-L, L. plantarum YS3, low

dose (1 9 108 CFU/kg bw); LF-YS3-H, L. plantarum YS3, high dose (1 9 109 CFU/kg bw)
a–eMean values with different letters in the same column are significantly different (P\ 0.05) according to

Duncan’s multiple range test

Table 6 Serum cytokine IL-2 and IL-10 levels of different mouse

groups

Group IL-2 (pg/mL) IL-10 (pg/mL)

Normal 233.02 ± 34.56a 121.02 ± 16.23e

Control 66.32 ± 15.24e 1128.96 ± 39.42a

LB 97.52 ± 16.12d 765.20 ± 31.25b

LP-YS3-L 119.82 ± 14.59c 623.47 ± 22.36c

LP-YS3-H 184.59 ± 21.20b 303.25 ± 21.02d

Values are presented as the mean ± standard deviation

(N = 10/group)

IL-2, interleukin-2; IL-10, interleukin-10; LB, Lactobacillus bulgar-

icus [1 9 109 colony-forming units (CFU)/kg body weight (bw)]; LF-

YS3-L, Lactobacillus p. YS3, low dose (1 9 108 CFU/kg bw); LF-

YS3-H, L. plantarum YS3, high dose (1 9 109 CFU/kg bw)
a–eMean values with different letters in the same column are signifi-

cantly different (P\ 0.05) according to Duncan’s multiple range test
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species (ROS) and active nitrogen species (RNS), which

can lead to oxidative stress as well as damage colonic

tissues [18]. Upon occurrence of an inflammatory reaction,

the large amount of ROS generated will destroy the body

oxidation/antioxidant balance, reducing the content of GSH

in colonic tissues, and extensive lipid peroxidation

Fig. 1 nNOS, eNOS, and iNOS mRNA and protein expression levels

in colonic tissues of mice treated with LB or LP-YS3. Fold ratio: gene

(or protein) expression/GAPDH (b-actin) 9 control numerical value

(control fold ratio: 1). LB: Lactobacillus bulgaricus [1 9 109 colony-

forming units (CFU)/kg body weight (bw)]; LF-YS3-L: L. plantarum

YS3, low dose (1 9 108 CFU/kg bw); LF-YS3-H: L. plantarum YS3,

high dose (1 9 109 CFU/kg bw)

Table 7 Semi-quantitative

analysis of nNOS, eNOS, and

iNOS mRNA expressions in

mouse colon tissues (fold

change relative to the control

group)

Group nNOS expression eNOS expression iNOS expression

mRNA Protein mRNA Protein mRNA Protein

Normal 3.74 ± 0.35a 1.86 ± 0.14a 3.63 ± 0.21a 1.56 ± 0.08a 0.18 ± 0.04e 0.59 ± 0.03d

Control 1.00 ± 0.06e 1.00 ± 0.04e 1.00 ± 0.06e 1.00 ± 0.05d 1.00 ± 0.09a 1.00 ± 0.07a

LB 1.47 ± 0.12d 1.33 ± 0.10d 1.63 ± 0.05d 1.06 ± 0.07d 0.78 ± 0.06b 0.85 ± 0.05b

LP-YS3-L 1.83 ± 0.14c 1.64 ± 0.11c 1.85 ± 0.06c 1.29 ± 0.12c 0.66 ± 0.05c 0.80 ± 0.06b

LP-YS3-H 2.01 ± 0.16b 1.72 ± 0.11b 2.02 ± 0.11b 1.41 ± 0.10b 0.52 ± 0.05d 0.71 ± 0.04c

Values are presented as the mean ± standard deviation (N = 10/group)

LB, Lactobacillus bulgaricus [1 9 109 colony-forming units (CFU)/kg body weight (bw)]; LF-YS3-L, L.

plantarum YS3, low dose (1 9 108 CFU/kg bw); LF-YS3-H, L. plantarum YS3, high dose (1 9 109 CFU/

kg bw)
a–eMean values with different letters in the same column are significantly different (P\ 0.05) according to

Duncan’s multiple range test

Fig. 2 c-Kit and SCF mRNA and protein expression levels in colonic

tissues of mice treated with LB or LP-YS3. Fold ratio: gene (or

protein) expression/GAPDH (b-actin) 9 control numerical value

(control fold ratio: 1). LB: Lactobacillus bulgaricus [1 9 109

colony-forming units (CFU)/kg body weight (bw)]; LF-YS3-L: L.

plantarum YS3, low dose (1 9 108 CFU/kg bw); LF-YS3-H: L.

plantarum YS3, high dose (1 9 109 CFU/kg bw)
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increases MDA production [19]. Oxazolone-induced colitis

is a Th2 cell-mediated inflammation. The mechanism of

inflammation is that the immune network imbalance

between Th2/Th1 leads to the inflammation, and cytokines

IL-2 and IL-10 are produced by Th1 and Th2 cells sepa-

rately, which all are directly related to colitis, and the low

levels of IL-2 and high levels of IL-10 mean an increase in

the degree of colitis [4]. The results also showed the similar

results; LP-YS3 might inhibit the colitis based on its effects

of increasing GSH, IL-2 levels and decreasing MPO, NO,

MDA, IL-10 levels.

Table 8 Semi-quantitative

analysis of c-Kit and SCF

mRNA expressions in mouse

colon tissues (fold change

relative to the control group)

Group c-Kit expression SCF expression

mRNA Protein mRNA Protein

Normal 11.62 ± 1.16a 2.50 ± 0.29a 16.48 ± 1.71a 3.61 ± 0.34a

Control 1.00 ± 0.08e 1.00 ± 0.08e 1.00 ± 0.09e 1.00 ± 0.09e

LB 5.09 ± 0.44d 1.68 ± 0.11d 4.07 ± 0.41d 1.93 ± 0.16d

LP-YS3-L 6.44 ± 0.32c 1.81 ± 0.12c 7.25 ± 0.48c 2.48 ± 0.19c

LP-YS3-H 7.07 ± 0.29b 2.21 ± 0.18b 12.13 ± 1.05b 2.82 ± 0.17b

Values are presented as the mean ± standard deviation (N = 10/group)

LB, Lactobacillus bulgaricus [1 9 109 colony-forming units (CFU)/kg body weight (bw)]; LF-YS3-L, L.

plantarum YS3, low dose (1 9 108 CFU/kg bw); LF-YS3-H, L. plantarum YS3, high dose (1 9 109 CFU/

kg bw)
a–eMean values with different letters in the same column are significantly different (P\ 0.05) according to

Duncan’s multiple range test

Fig. 3 IL-8 and CXCR2 mRNA and protein expression levels in

colonic tissues of mice treated with LB or LP-YS3. Fold ratio: gene

(or protein) expression/GAPDH (b-actin) 9 control numerical value

(control fold ratio: 1). LB: Lactobacillus bulgaricus [1 9 109 colony-

forming units (CFU)/kg body weight (bw)]; LF-YS3-L: L. plantarum

YS3, low dose (1 9 108 CFU/kg bw); LF-YS3-H: L. plantarum YS3,

high dose (1 9 109 CFU/kg bw)

Table 9 Semi-quantitative

analysis of IL-8 and CXCR2

mRNA expressions in mouse

colon tissues (fold change

relative to the control group)

Group IL-8 expression CXCR2 expression

mRNA Protein mRNA Protein

Normal 0.35 ± 0.04e 0.35 ± 0.03e 0.41 ± 0.04e 0.59 ± 0.06d

Control 1.00 ± 0.09a 1.00 ± 0.05a 1.00 ± 0.07a 1.00 ± 0.04a

LB 0.77 ± 0.06b 0.85 ± 0.04b 0.78 ± 0.05b 0.89 ± 0.05b

LP-YS3-L 0.62 ± 0.05c 0.71 ± 0.05c 0.65 ± 0.04c 0.86 ± 0.07b

LP-YS3-H 0.48 ± 0.04d 0.56 ± 0.04d 0.53 ± 0.03d 0.67 ± 0.05c

Values are presented as the mean ± standard deviation (N = 10/group)

LB, Lactobacillus bulgaricus [1 9 109 colony-forming units (CFU)/kg body weight (bw)]; LF-YS3-L, L.

plantarum YS3, low dose (1 9 108 CFU/kg bw); LF-YS3-H, L. plantarum YS3, high dose (1 9 109 CFU/

kg bw)
a–eMean values with different letters in the same column are significantly different (P\ 0.05) according to

Duncan’s multiple range test
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NOS is divided into nNOS, eNOS, and iNOS. NO

produced by eNOS is involved in the control of colonic

tissue injury, and the excess NO produced by iNOS

accelerates colonic inflammation, and nNOS downregu-

lation also enhances iNOS expression while releasing

enormous amounts of NO [20]. In addition, since the

iNOS is a calcium- and calmodulin-independent enzyme

that is specifically expressed during inflammation, clini-

cal studies have shown that 100% of UC patients with

inflammatory intestinal mucosal epithelial cells express

iNOS, and[ 50% of patients with intestinal mucosal

lamina express iNOS, and no iNOS expression was seen

in non-inflammatory parts [21]. After determination of

qPCR and western blot, LP-YS3 could raise the nNOS

and eNOS expressions and reduce iNOS expression in

colitis mice; these effects were beneficial to its anti-

colitis effects, similar to the results of previous studies.

UC symptoms include not only diarrhea and blood in the

stool, but also adverse effects on colonic motility disorders,

which are related to Cajal interstitial cells (ICC) [21]. In

the presence of inflammatory bowel disease, SCF has a

direct effect in maintaining the number and function of

ICCs. SCF is a natural ligand of c-Kit. The proliferation

and differentiation of ICC after the SCF/Kit signaling

pathway are reduced, thereby aggravating colitis [22, 23].

The c-Kit and SCF expressions of colitis were down-reg-

ulated by LP-YS3, these effects could inhibit colitis, the

inflammatory expression regulation effects of LP-YS3

related to the mechanism of the action of LY-YS3.

IL-8 has inflammatory activity and chemotaxis, CXCR

is an IL-8 receptor, and IL-8 and CXCR2 are associated

with the pathogenesis of colon cancer. IL-8 and CXCR2

are highly expressed in colon cancer [24], which was also

observed in the present study. Chemokine is a class of

small molecular basic protein, chemokines have similar

structure, chemotaxis and activation, and they can mediate

cell activities during inflammation and participate in tissue

repair [25]. CXCR2 is a receptor of IL-8, which is mainly

expressed in T cells, monocytes, mononuclear cells, mel-

anoma cells, synovial fibroblasts, neutrophils, HL-60,

THP-1 myeloid progenitor cells, and other cell surfaces

[26]. During acute inflammatory responses, chemokines

gather on the surface of endothelial cells in the presence of

glucosamine and promote the release of large amounts of

proinflammatory cytokines after binding to leukocytes;

then, the corresponding chemokine receptor would be

expressed. The CXCR2 and its ligand IL-8 can produce

chemotaxis to cause neutrophil migration, participating in

the body defense response; a significant increase in neu-

trophils and its mediated damage causes the upregulated

expression of chemokine due to an increase in the

expression of their receptor, which in turn aggravates tissue

damage, thereby increasing inflammatory responses [27].

Previous research showed that CXCR and IL-8 were

important colitis-related gene expressions; this study also

showed that LP-YS3 could reduce CXCR and IL-8

expressions and inhibit colitis through these effects.

The goal of this study was to determine the inhibitory

effects of LP-YS3 on oxazolone-induced colitis in mice

intestinal cells. LP-YS3 significantly reduced DAI in colitis

mice, as well as inhibited the further decrease in colonic

length caused by colitis, and increased the ratio of colonic

weight/colon length. LP-YS3 significantly decreased the

contents of MPO, NO, MDA, and IL-10 in colonic tissues

of colitis rats and increased the content of GSH and the

serum level of IL-2. LP-YS3 also increased the expression

of nNOS, eNOS, c-Kit, and SCF and reduced the expres-

sion of iNOS, IL-8, and CXCR2 in colonic tissues, sug-

gesting that LP-YS3 can effectively prevent oxazolone-

induced colitis and may be potentially used for probiotic

development.
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