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Lacticaseibacillus rhamnosus G7 alleviates =5
DSS-induced ulcerative colitis by requlating
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Abstract

Ulcerative colitis (UC) is an intestinal disease caused by many factors that seriously harms the health of humans
and animals. Probiotics are currently widely used to treat intestinal inflammation; however, different strains are
specific, and the functions and effects of different strains are still unclear. In this study, Lacticaseibacillus rhamnosus
G7 isolated from herdsmen yogurt was used. The results of the in vitro evaluation revealed that it had good
tolerance and safety. In mice with colitis, G7 alleviated weight loss and colon shortening and reduced the DAI
score. After G7 treatment, the levels of proinflammatory factors (IL.-1(, IL.-6 and TNF-a) and histopathological scores
decreased, whereas the level of IL-10 increased. In addition, G7 rebalanced the intestinal microbial composition of
colitis model mice by increasing the abundance of Faecalibaculum and decreasing the abundance of Bacteroides
and Escherichia_Shigella. In summary, G7 has great potential in the prevention of colitis.

Clinical trial number
Not applicable.

Keywords Probiotics, Inflammatory, Lacticaseibacillus rhamnosus G7, Gut microbiota

*Correspondence:

Xianghong Ju

juxh77@163.com

Youquan Li

youquan-li@163.com

!College of Coastal Agricultural Sciences, Department of Veterinary
Medicine, Guangdong Ocean University, Zhanjiang 524088, China
’Marine Medical Research and Development Centre, Shenzheng Institute
of Guangdong Ocean University, Shenzheng 518120, China

3State Key Laboratory for Animal Disease Control and Prevention,
Lanzhou Veterinary Research Institute, Chinese Academy of Agricultural
Sciences, Lanzhou, Gansu, China

“Haibei Integrated Service Center for Agriculture and Animal Husbandry,
Haibei, Qinghai 810299, China

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12866-025-03904-w&domain=pdf&date_stamp=2025-3-22

Lao et al. BMC Microbiology (2025) 25:168

Introduction

Ulcerative colitis (UC) is a chronic inflammatory dis-
ease of unknown etiology that involves mainly the rec-
tal and colonic mucosa and submucosa [1]. Abdominal
pain, diarrhea and hematochezia are the most common
symptoms of UC [2]. Its pathogenesis may be related to
many factors, such as intestinal flora imbalance, immune
disorders, heredity and the environment [3]. Currently,
the clinical treatment of UC commonly involves the use
of 5-aminosalicylic acid, glucocorticoids, sulfasalazine,
biologics, and immunosuppressants [4, 5]. However, pro-
longed use of these medications can lead to certain side
effects in both humans and animals. Therefore, the iden-
tification of green, safe and nontoxic drugs to treat UC is
urgently needed.

The intestinal tract of humans and animals possesses
a large number of microbiota, the occurrence of vari-
ous diseases is often associated with disorders of the
intestinal microbiota, and there is a complex correlation
between microbiota and host interactions. An imbalance
in the homeostasis of the intestinal flora often leads to an
increase in the number of pathogens, resulting in a sub-
healthy state of the organism [6-8]. Studies have shown
that probiotics play important roles in the healthy devel-
opment of humans [9] and animals [10] and can regulate
the diversity and richness of the intestinal flora [11]. The
most commonly used probiotics are lactic acid bacteria
and Bifidobacterium. Numerous studies have shown that
the main probiotics that can be used to treat and pre-
vent ulcerative colitis are lacticaseibacillus rhamnosus
[12, 13], Lactobacillus acidophilus [14], lacticaseibacil-
lus paracasei [15], Lactobacillus plantarum [16] and
Bifidobacterium [17]. Good probiotics should have the
following characteristics: they are safe and nontoxic, they
should enter the gastrointestinal tract, they should be
able to survive, and they should inhibit the growth and
adhesion of harmful bacteria.

Qinghai is a gathering place for ethnic minorities in
northwest China. Dairy products are a part of traditional
food culture and are indispensable in the daily life of
herdsmen. Compared with modern dairy products, tradi-
tional dairy products are more ecological and natural, and
the content of lactic acid bacteria is greater. Lactic acid
bacteria derived from traditional dairy products are safer.
Lacticaseibacillus rhamnosus G7 was isolated from the
yogurt of herdsmen in Maduo County, Qinghai Province
(high-altitude area, 4650 m). However, probiotics have
strain specificity, and the mechanisms of action of differ-
ent strains are still different. Therefore, we conducted a
series of safety and probiotic potential evaluations of the
G7 strain, including gastric juice and bile salt tests, drug
sensitivity tests, antimicrobial activity tests, and hemoly-
sis tests. A mouse colitis model was constructed with 3%
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DSS to further evaluate the improvement effect of the G7
strain on DSS-induced colitis in mice.

Materials and methods

G7 separation and growth conditions

The specific methods of G7 separation and purification
are as follows: 10 mL of yak yogurt is added into a cen-
trifuge tube containing 90 mL of PBS, shaken evenly, and
diluted 10 times and 100 times in gradient. 100 pL of
diluted liquid was placed on MRS solid culture medium
containing 1% calcium carbonate, coated on a flat plate,
and cultured anaerobically at 37°C for 24—48 h. The colo-
nies were selected according to the colony morphology
of lactic acid bacteria and placed in a centrifuge tube
containing 500pL PBS for mixing, and a certain amount
of liquid was taken for plate streaking. According to the
above steps, more than three generations were purified,
and then Gram staining was performed to confirm the
morphology of the strain and 16 S sequencing was per-
formed to confirm the genus.

Bacterial strain and growth conditions

The G7 strain was grown anaerobically on MRS broth
and MRS agar and stored in glycerol at -80 °C. The patho-
genic bacteria required for the test, including enterotoxi-
genic Escherichia coli ETEC K88, Escherichia coli ATCC
25,922, Escherichia coli (0157:H7) ATCC 43,888, Staph-
ylococcus aureus ATCC 6538, Proteus vulgaris ATCC
29,905, Shigella boydii ATCC 9207, Yersinia enterocolit-
ica ATCC 23,715, Almonella typhimurium ATCC 14,028,
Pseudomonas aeruginosa ATCC 27,853 and Escherichia
coli ZJTP6, were preserved in the laboratory. They were
aerobically grown on NA broth and NA agar and stored
in glycerol at -80 °C.

Molecular identification and morphology

Molecular identification of G7 was performed via ampli-
fication and sequencing of the 16 S rDNA gene. The
amplification procedure was as follows: 95 °C for 5 min;
35 cycles of 95 °C for 45 s, 58 °C for 45 s, and 72 °C for
60 s. The PCR products were subjected to 1% agarose gel
electrophoresis to obtain a 1.5 kb molecular band, which
was sequenced by Guangzhou Tsingke Biotechnology
Co., Ltd. The sequencing results were compared with the
sequences in the NCBI database via the BLAST program
(https://blast.ncbi.nlm.nih.gov/Blast.cgi).

Morphological observation of G7 cells was performed
via Gram staining (Beijing Solarbio Science & Tech-
nology Co., Ltd., Beijing, China) and scanning elec-
tron microscopy (SEM) (TESCAN MIRA LMS, Czech
Republic). Gram staining was performed according to
the manufacturer’s instructions, and scanning electron
microscope samples were prepared as follows: The G7
strain was fixed with 2.5 glutaraldehyde overnight at 4 °C,
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and then subjected to gradient dehydration with 30%,
50%, 70%, 80% and 90% ethanol, and finally stored in
anhydrous ethanol for later use. The resuspended drop-
lets were placed on a silicon wafer and placed on a Petri
dish for total drying. The samples were subsequently
directly adhered to the conductive adhesive, sprayed with
gold with a 10 mA coating device (Quorum SC7620), and
then the morphology of the strain was photographed
with a 20 kV SEM.

Bile salt and gastric acid tolerance test

As described by Amal et al., bile salt and gastric acid tol-
erance tests were performed on G7 strains, and some
modifications were made [18]. After the samples were
cultured at 37 °C for 24 h, the absorbance of each mix-
ture was measured at ODgg, ,, to determine the growth
of the strain. MRS-THIO broth without strains was used
as a control. The growth rate is expressed by the follow-
ing formula:

. Sl t‘ 1 .
Growth rate(%) — (ODboUnmof experimental group) <100

ODgoonmof control group

The overnight culture of the G7 strain was inoculated
into artificial gastric juice (pH = 3; Dongguan Chuangfeng
Automation Technology Co., Ltd., Dongguan, China) at a
ratio of 1:9 and cultured at 37 °C. The samples were taken
at 0 h and 3 h for plate counting. The survival rate of G7
in artificial gastric juice was expressed via the following
formula:

i teria(CF L
Survival rate(%) — <3hhvebac eria(CFU/m )) 100

0hlive bacteria(CFU/mL

Antibiotic sensitivity test

The sensitivity of G7 to common antibiotics was deter-
mined by Kirby-Bauer disc agar diffusion method. The
12 antibiotics used in this study were ampicillin (10 pg),
kanamycin (30 pg), gentamicin (10 pg), chlorampheni-
col (30 pg), streptomycin (10 pg), tetracyclinel (30 pg),
nalidixic axid (30 pg), amoxicillin (20 pg), cefotaxime
(30 pg), erythromycin (15 pg), vancomycin (30 pg) and
clindamycin (2 pg). Each antibiotic tablet was placed on
MRS agar medium containing 10’ CFU/mL of the G7
strain and incubated at 37 °C for 24 h. The diameter of
the disc inhibition zone of each antibiotic was measured.
In accordance with Hu et al. [19], the strains were classi-
fied as sensitive (>21 mm), intermediate (16—20 mm) or
resistant (<15 mm).

Antimicrobial activity

In this study, the antibacterial activity of the G7 strain
against the indicator strain was determined via the agar
diffusion method. The antibacterial test was carried out
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with reference to the method described by Zhang et al.
[20], with some modifications. The diameter of the inhi-
bition zone was measured after incubation at 37 °C for
24 h. The criteria are as follows: less than or equal to
9 mm is negative (-), 9-12 mm is weak (+), 12-16 mm is
strong (++), and more than 16 mm is very strong (+++).

Hemolytic activity

ZJTP2 was used as a positive control strain. The bacte-
rial mixture was streaked on a blood agar plate (Changde
Bkman Biotechnology Co., Ltd., Changde, China) and
cultured at 37 °C for 24—48 h. The plate was subjected
to hemolysis screening, a-hemolysis (grass green, trans-
lucent circle), PB-hemolysis (transparent circle), and
y-hemolysis (no transparent circle).

Adhesion

The adhesion test was performed via the above method,
but with slight modifications [20]. First, the Caco-2 cell
monolayer was washed twice with PBS, and 1 mL of
RPMI-1640 containing the 10®° CFU/mL G7 strain was
added and incubated at 37 °C and 5% CO, for 2 h. The
medium was subsequently discarded, and the cells were
washed twice with PBS to remove the strains that did not
adhere to the cells. One milliliter (containing 1% Triton
X-100) of PBS was added, and the mixture was incubated
at 37 °C for 10 min. The obtained lysate was diluted with
a PBS gradient and counted on an MRS agar plate. The
plate was incubated at 37 °C for 24—48 h, and the viable
bacteria were counted. The adhesion rate was calculated
according to the following formula:

G7initial concentration

Ad (%) = (G? concentration after 2 h) <100

G7 strain Preparation and animal experimental design
Thirty 6-week-old C57BL/6] male mice (16—-18 g) were
purchased from Guangzhou Youda Biotechnology Co.,
Ltd. and raised at the Animal Experimental Center of
Guangdong Ocean University. During the feeding period,
standard light (12 h light-dark cycle), temperature
(22+2 °C), and sufficient food and water were provided
daily. After 7 days of adaptation, the mice were randomly
divided into 5 groups: the control group (CON), DSS
group (DSS), DSS+Low group (LOW), DSS+Middle
group (MID) and DSS +High group (HIGH). The CON
group and DSS group were given 200 pL PBS by gavage
every day. LOW, MID and HIGH groups were intragas-
trically administered with 200 puL of corresponding con-
centration of G7 every day. The test scheme is shown in
Fig. 1. Changes in body weight and fecal occult blood
were recorded every day. The DAI score of the mice was
calculated according to Liu et al. [21].
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Fig. 1 Animal experimental design scheme

Sample collection

On the 15th day of the experiment, the mice were anes-
thetized with 3% isoflurane by respiratory pathway for
2 min, and the eyeball blood was taken, centrifuged at
4 °C, 3000 rpm for 15 min, and the serum was collected
and stored at -80 °C until use. The mice were then sacri-
ficed by cervical dislocation, and the colon length of each
mouse was measured. The colon contents of the mice
were collected in a sterile environment for subsequent
microbiome sequencing. Part of the colon was placed in
4% paraformaldehyde for subsequent histopathological
analysis, and the remaining samples were frozen in liquid
nitrogen and stored at -80 °C.

Determination of cytokines in serum

The serum levels of interleukin-1p (IL-1p), interleukin-10
(IL-10), interleukin-6 (IL-6) and tumor necrosis factor
alpha (TNF-a) were determined according to the manu-
facturer’s recommendations (Jiangsu Meimian, China).

Histopathology

Colon tissue fixed with 4% paraformaldehyde was sent
to Guangzhou Servicebio Biotechnology Co., Ltd., for
hematoxylin and eosin (H&E) staining. HE scoring was
performed according to the method described by Liu et
al. [21].

Microbiome analysis of the colon

The colon contents (5 from each group) were sent to Bei-
jing Biomarker Biotechnology Co., Ltd., for microbiome
sequencing. All microbiome data were analyzed via the

Sacrifice

BiomarkerCloud platform (https://international.biocloud
.net/, accessed on 9 August 2024).

Statistical analyses

All test results were derived from at least three inde-
pendent experiments. The data are expressed as the
means t standard errors of the means. The chart was
created via Prism 8.0 software (GraphPad Software, San
Diego, CA, USA). All the data were analyzed via IBM
SPSS Statistics 27 via one-way analysis of variance and
Student’s t test for statistical analysis. A P value <0.05 was
considered statistically significant.

Results

Identification and morphological observation of the G7
strain

In this experiment, as shown in Fig. 2, the G7 colo-
nies were round, convex, smooth, and slightly white,
which was consistent with the characteristics of lac-
tic acid bacteria. The results of Gram staining revealed
gram-positive rods that were blue-purple (Fig. 2c). The
results of 16 S rDNA gene sequencing revealed that G7
had high homology (100%) with L. rhamnosus 18,960
(MW674379.1), L. rhamnosus 16,097 (MW479249.1) and
L. rhamnosus 15,041 (MW463572.1). The G7 strain was
scanned via SEM, and the bacterial morphology of the
G7 strain was smooth, rounded and rod shaped (Fig. 2d).

Tolerance to bile salts and gastric acid
The pH value of the gastric juice is approximately 3, the
bile salt concentration is between 0.03 and 0.3%, and the
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Fig. 2 Molecular identification and morphological observation of the G7 strain. (A) Colonial morphology. (B) Electrophoretic bands of PCR products (No.
1,No. 2 and No. 3 are PCR products of the G7 strain). (C) Gram staining. (D) Scanning electron microscopy

food remains in this range for 1-3 h. Therefore, we used
artificial gastric juice (pH=3) and 0.3% bile salt to deter-
mine the tolerance of the G7 strain. The results revealed
that the survival rate of G7 in artificial gastric juice
(pH=3) was 87.52+0.41. In 0.3% bile salt, the growth
rate was 21.23+1.72.

Antibiotic sensitivity analysis

The sensitivity of G7 to 12 antibiotics was detected, and
the results are shown in Table 1. G7 was sensitive to six
antibiotics, among which tetracycline, nalidixic axid,
erythromycin and clindamycin were highly sensitive,
and the diameter of the inhibition zone was greater than
21 mm.

Antimicrobial activity analysis

Table 2 shows the antibacterial activity of the G7 strain
against 10 pathogens. G7 had a certain effect on 10
pathogens, among which the inhibitory effect on ATCC
27,853 was the strongest, the diameter of the inhibi-
tion zone reached 17.78 mm, followed by that on ATCC
23,715, and the diameter of the inhibition zone reached
17.69 mm.

Hemolytic activity analysis

The hemolysis results are shown in Fig. 3. Bacillus cereus
ZJTP2 produced a clear and transparent hemolysis zone
(B-hemolysis), and G7 did not produce a hemolysis zone
(y-hemolysis).
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Table 1 Results of the G7 antibiotic susceptibility test

Antibiotic Antibiotic susceptibility
Ampicillin §%
Kanamycin R®
Gentamicin R
Chloramphenicol s
Streptomycin R
Tetracycline 5%
Nalidixic axid 52
Amoxicillin 1"
Cefotaxime 10
Erythromycin 5%
Vancomycin RO
Clindamycin 5%

Note: S represents sensitive (=21 mm), | represents intermediate (16-20 mm),
R represents resistant(<15 mm), and the number in the upper right corner
represents the corresponding diameter of inhibition zone

Table 2 Antibacterial activity of strain G7

Indicators strains diameter of
inhibition
zone (mm)
Enterotoxigenic Escherichia coli ETEC K88 14.70+0.82
Escherichia coli ATCC 25,922 14.88+0.27
Escherichia coli (O157:H7) ATCC 43,888 14.96+0.77
Staphylococcus aureus ATCC 6538 14.21+£042
Proteus vulgaris ATCC 29,905 17.24+043
Shigella boydii ATCC 9207 16.57+0.35
Yersinia enterocolitica ATCC 23,715 17.69+0.62
Almonella typhimurium ATCC 14,028 16.49+0.38
Pseudomonas aeruginosa ATCC 27,853 17.78+0.28
Escherichia coli ZJTP6 17.57+0.21

Note: The values are expressed as the means+SDs

Adhesion
The adhesion results showed that the G7 strain had good
adhesion performance (10.69 £ 0.56).

Effect of G7 on ulcerative colitis

To evaluate the effect of the G7 strain on inflammatory
mice, as shown in Fig. 1, we used 3% DSS to establish
ulcerative colitis model mice. After 7 days of treatment
with 3% DSS, the body weight of the DSS group was sig-
nificantly lower than that of the CON group (p<0.01)
(Fig. 4). After oral administration of the G7 strain, the
weight loss trend of the mice was alleviated to some
extent. Compared with the DSS group, the MID group
and HIGH group presented the most obvious alleviation
of weight loss (p<0.01). The DAI score and colon length
differed among the five groups. Compared with those in
the CON group, the colon lengths of the mice in the DSS
group were significantly shorter (P<0.01). However, after
treatment with the G7 strain, the degree of colon short-
ening in the mice was alleviated compared with that in
the DSS group (P<0.01).

Page 6 of 14

Fig. 3 Hemolysis results for the G7 strain. The left side of the figure shows
the hemolysis results for the control bacteria, and the right side shows the
hemolysis results for the G7 strain

G7 alleviated histopathological damage in the mice with
colitis

To better evaluate the protective effect of G7 in inflam-
matory bowel disease, we performed histopathological
analysis of colon tissue. As shown in Fig. 5, compared
with the CON group, the DSS group presented extensive
colon damage, including loss of crypt structure, abscess,
unclear mucosal structure, and a large amount of inflam-
matory cell infiltration in the lamina propria and mucosa
(P<0.01). Compared with the DSS group, oral adminis-
tration of the G7 strain improved pathological damage
to varying degrees, among which the MID and HIGH
groups presented the most significant improvement
(P<0.05). In summary, oral administration of a certain
dose of the G7 strain can alleviate the symptoms of DSS-
induced colitis and has a certain preventive effect.

Effects of G7 on the serum levels of inflammatory
cytokines

The concentrations of related cytokines in the serum are
shown in Fig. 6. Compared with those in the CON group,
the concentrations of all the proinflammatory factors
increased significantly after DSS treatment (P <0.05), and
the level of the anti-inflammatory factor IL-10 decreased
significantly (P<0.01). After oral administration of the
G7 strain, the levels of related cytokines were compara-
ble to those in the CON group. Overall, our results show
that intervention with a certain dose of the G7 strain can
reduce the serum levels of proinflammatory factors and
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Fig. 4 Effect of the G7 strain on DSS-induced colitis in mice (n=3). (A) Body weight change. (B) Image of the colon. (C) DAI score index. (D) Statistical
analysis of colon length in the mice. The data are expressed as the means = SEMs. **P < 0.01, compared with the control group. ** P<0.01, compared with

the DSS group

increase the levels of anti-inflammatory factors after DSS
induction.

Effect of the G7 strain on the intestinal flora induced by
DSS in mice

To investigate the effects of the G7 strains on the DSS-
induced intestinal microbiota, we performed 16 S rRNA
sequencing of the colon contents. According to the Venn
diagram (Fig. 7A), there were 288 microorganisms in
the five groups of gut flora, of which 87, 61, 3, 8, and 5
different microorganisms were found in the CON, DSS,
LOW, MID and HIGH groups, respectively. Alpha diver-
sity reflects the species richness and species diversity of
individual samples. The Chaol and ACE indices were
not significantly different between the groups. As shown
in Fig. 7B-E, the Shannon and Simpson indices were not
significantly different between the DSS group and the

CON group. Interestingly, compared with those of the
DSS group, the Shannon and Simpson indices of the MID
group and the HIGH group were significantly different
(P<0.05). To compare the similarity of different samples
in terms of species diversity, we used Weighted Uni-
Frac for beta diversity analysis. As shown in the NMDS
(Fig. 7F) and PCoA (Fig. 7G) results, there was a clear
clustering separation between the CON and DSS groups,
indicating that the microbial compositions differed mark-
edly between them. However, after oral administration
of G7, the microbial composition of the MID and HIGH
groups was more similar to that of the CON group. The
results showed that DSS significantly altered the intes-
tinal microbiota, and oral administration of a certain
amount of the G7 strain could regulate the intestinal
microbiota.
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Fig. 5 Evaluation of the effect of G7 on histopathological damage in DSS-induced colitis mice (n=3). (A) HE-stained colon tissue sections. Scale bar:
100 um. (B) Pathological score of colon tissue. The data are expressed as the means £ SEMs. #P<0.01, compared with the control group. * P<0.05, **

P<0.01, compared with the DSS group

G7 altered the composition of the gut microbiota

As shown in Fig. 8, Firmicutes (CON: 56.95%, DSS:
45.98%, LOW: 48.20%, MID: 72.66%, HIGH: 70.36%)
and Bacteroidota (CON: 35.21%, DSS: 27.45%, LOW:
25.31%, MID: 20.31%, HIGH: 23.05%) were the domi-
nant phyla in the mouse colon microbiota. Compared
with those in the CON group, the abundances of Pro-
teobacteria and Verrucomicrobiota in the DSS group
increased by 7.12- and 3.11-fold, respectively. However,
after oral administration of G7, the levels of Proteobac-
teria and Verrucomicrobiota decreased in both the MID
and HIGH groups. At the genus level, the levels of Esch-
erichia_Shigella, Bacteroides and Akkermansia were
increased, and the levels of Faecalibaculum and Lacto-
bacillus were decreased in the DSS group compared with
those in the CON group. After oral administration of the
G7 strain, the levels of Escherichia_Shigella, Bacteroi-
des and Akkermansia decreased in the MID and HIGH
groups, and the levels of Faecalibaculum increased,
tending toward those in the CON group.

As shown in Fig. 9, LEfSe was used to analyze the sig-
nificance of differences between groups. There were 17, 4,
6, 9, and 8 significant differences in the CON, DSS, LOW,
MID, and HIGH groups, respectively. Unclassified_Muri-
baculaceae, Lactobacillus and Candidatus _Saccharimo-
nas were more abundant in the CON group, whereas
Escherichia _ Shigella was more abundant in the DSS
group. However, after intervention with the G7 strain,
the relative abundance of pathogenic bacteria (Esche-
richia_Shigella) was low, and the relative abundances of
Verrucomicrobiae at the class level and Akkermansi.a. at
the genus level in the LOW group were relatively high.
In the MID group, the relative abundances of Firmicutes
at the phylum level and Erysipelotrichales and Clostridi-
ales at the order level were greater. In the HIGH group,
the relative abundances of Clostridia at the class level and
Oscillospirales at the order level were greater. In general,
oral administration of a certain amount of the G7 strain
can alleviate DSS-induced colitis in mice by stabilizing
the balance of the intestinal flora.
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Fig. 6 Effects of the G7 strain on the levels of serum inflammatory factors (n=3). (A-D) Statistical analysis of the levels of serum inflammatory factors.
The data are expressed as the means +SEMs. #P<0.05, P <0.01, compared with the control group. * P<0.05, ** P<0.01, compared with the DSS group

Discussion

UC is a nonspecific chronic intestinal inflammatory dis-
ease, and its pathogenesis is very complex. Many studies
have shown that probiotics have certain preventive and
palliative effects on ulcerative colitis. In recent years,
the application of lactic acid bacteria has been shown
to promote health in both humans and animals. Lac-
tic acid bacteria are microorganisms in the intestine.
The G7 strain is derived from the yogurt of herdsmen,
which is closer to natural ecology and safer. The pH of
gastric juice is approximately 3.0, and the bile salt con-
centration in the small intestine is between 0.03% and
0.3% [22]. Probiotics can only exert probiotic effects in
the small intestine after safe passage through the gas-
trointestinal tract. Therefore, tolerance to bile salts is
also one of the criteria for screening probiotics. In this

study, the G7 strain had a certain tolerance to artificial
gastric juice and bile salts. The second most critical cri-
terion for probiotic selection is that potential probiotics
must be safe for humans and animals. Probiotics have
inherent and mobile genetic components that can con-
fer resistance to a variety of antibiotics [23, 24]. When
strains carrying drug resistance genes enter the host,
certain pathogens are also resistant, which can cause
severe harm to both humans and animals [25]. The most
common characteristic of probiotics is that they can
inhibit the growth of pathogenic bacteria [19]. One of
the conditions that probiotics should meet is that they
can inhibit the growth of bacteria to a certain extent.
The adhesion of bacteria to tissues is considered to be
the first and key step in microbial colonization [26].
Bacteria can compete with pathogenic bacteria for
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indispensable nutrients and niches after colonizing the
intestine. The main immune benefit of lactic acid bacte-
ria is their ability to regulate the host immune response
through interactions with the gastrointestinal mucosa
[27]. During growth and metabolism, some antibacterial
substances, including bacteriocin, lactic acid, organic
acid and hydrogen peroxide, are produced. The results

of this study revealed that the metabolites of the G7
strain had certain inhibitory effects on the growth of
gram-negative and gram-positive bacteria. In this study,
G7 strain had good adhesion, and the adhesion rate was
similar to that of S. P et al. [28]. In addition, the hemo-
lysis result of the G7 strain was y-hemolysis, and the
strain was safe after it entered the body. In summary,
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the G7 strain meets the screening criteria for probiotics
and has certain probiotic potential characteristics.

The method of establishing UCs via the DSS is simple
and has good reproducibility. Therefore, DSS is com-
monly used to induce ulcerative colitis, study its patho-
genesis and evaluate the effects of drug treatment [29].
In this study, 3% DSS was used to construct a mouse
model of ulcerative colitis to observe the effect of the G7
strain on DSS-induced ulcerative colitis in mice. The goal
of 3% DSS is to destroy the colonic mucosa, change the
permeability of the intestinal mucosa, and allow mac-
romolecular substances to enter the intestinal mucosa,
causing damage to the colonic tissue [30]. After 7 days of
induction with 3% DSS, the body weights of the mice in
the model group tended to decrease, and the DAI scores
increased. The colon of the model group was shortened,
accompanied by edema, hemorrhage and ulceration. HE
staining revealed that the crypt disappeared and that
local ulcers, inflammatory cell infiltration and goblet
cells decreased in the damaged part of the colon, which
suggested that the mouse colitis model established in

this study was successful. In this study, compared with
the DSS group, the use of the G7 strain obviously allevi-
ated the shortening of the colon and the development of
inflammatory lesions related to colon tissue.

Cytokines are small molecular proteins with a wide
range of biological activities that have many functions,
such as regulating the immune response, mediating the
inflammatory response and repairing damaged tissues
[30]. The functions of cytokines can be divided into two
types: proinflammatory (IL-1B, IL-6, and TNF-a) and
anti-inflammatory (IL-10) [31]. Studies have shown that
IL-1p, IL-6, TNF-a and IL-10 are the main immune
response factors involved in the inflammatory response
[32]. For example, IL-10, produced by T cells and mono-
nuclear macrophages, inhibits the production of pro-
inflammatory cytokines and plays an important role in
maintaining intestinal immune homeostasis [33]. Previ-
ous studies have shown that DSS-induced ulcerative coli-
tis mice have increased levels of proinflammatory factors
and decreased levels of anti-inflammatory factors [34].
In this study, treatment with the G7 strain significantly
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inhibited the production of proinflammatory cytokines
such as IL-1p, IL-6 and TNF-a and promoted the pro-
duction of the anti-inflammatory cytokine IL-10.

The composition and related abundance of the
gut microbiome have a significant effect on the
host immune system. The intestinal flora plays an

important role in maintaining human health. When an
imbalance of intestinal microorganisms occurs, it can
cause various diseases [35]. An imbalance of the intes-
tinal microbiota is one of the key factors in the patho-
genesis of IBD [36]. Therefore, the use of probiotics to
prevent or treat IBD has great potential. The results
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of this study revealed that after DSS intervention, the
Chaol index and ACE index decreased, but the Shan-
non and Simpson indices increased, which may be due
to the imbalance of the intestinal microflora in mice
and the increase in harmful strains after DSS interven-
tion. In addition, the PCoA results revealed that DSS
intervention significantly changed the structure of the
intestinal microbiota. However, almost all the groups
presented significant differences, indicating that DSS
had different effects on the gut microbiota and on the
recovery of the G7 strain. Studies have shown that the
abundances of Bacteroides, Proteobacteria and Esche-
richia-Shigella increase and are positively correlated
when UC occurs [37, 38]. The presence of Bacteroi-
des can induce toxin production, which in turn causes
intestinal inflammation in humans [39] and animals,
and Bacteroides produces succinic acid, which further
exacerbates UC [40]. Therefore, a change in the abun-
dance of Bacteroides may be an important indicator of
UC. An increase in the abundance of Proteobacteria
excessively promotes the production of proinflamma-
tory factors by proinflammatory cells, thereby aggra-
vating the degree of UC [41]. The increased abundance
of Escherichia_Shigella is considered to be a marker
of IBD dysregulation and inflammation [40]. It has
been reported that the damage caused by DSS to the
mucus layer leads to the overgrowth of Akkerman-
sia [42, 43]. It is commonly distributed in the colon
of mammals, is located within the mucus layer and is
capable of degrading mucin. The aberrant number of
Akkermansia in the DSS group may be due to lesions
in the mucus layer caused by DSS, which may further
lead to the overproduction of mucin. Interestingly,
studies have shown that Agathobacter, Roseburia and
Faecalibaculum are the main butyric acid-producing
bacteria in the intestine, while butyric acid can sig-
nificantly inhibit the production of proinflammatory
factors by IBD-producing neutrophils. These findings
are consistent with our findings [34, 40]. After DSS
intervention, the abundances of Bacteroides, Proteo-
bacteria and Escherichia_Shigella in the model group
increased. However, after the G7 strain intervention,
the abundances of Bacteroides, Proteobacteria and
Escherichia_Shigella decreased, and the abundance of
Faecalibaculum increased. In summary, supplementa-
tion with the G7 strain inhibits the harmful microflora
in the intestine by increasing the abundance of butyr-
ate-producing bacteria and inhibits the production of
related proinflammatory cytokines, which has advan-
tages in alleviating DSS-induced colitis in mice. How-
ever, this is limited to the superficial outcomes of G7
on colitis. Future studies are still required to further
investigate the mechanism of action and therapeutic
targets through which G7 alleviates colitis.
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Conclusion

Lacticaseibacillus rhamnosus G7 is a new strain isolated
from the yogurt of herdsmen in Maduo County, Qing-
hai Province. In vitro experiments revealed that G7 had
good in vitro resistance and safety. The G7 strain can
alleviate weight loss and colon shortening induced by 3%
DSS, inhibit the expression of proinflammatory factors,
increase the expression of anti-inflammatory factors,
promote the growth of beneficial microorganisms in the
intestine, and then regulate the homeostasis of the intes-
tinal flora. In summary, the G7 strain can effectively alle-
viate the symptoms of ulcerative colitis and can be used
to prevent colitis.
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