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Abstract
Live and heat-killed Bi�dobacterium has been proven to have anti-in�ammatory and antioxidant effects.
In this study, we evaluated the effects of live and heat-killed Bi�dobacterium animalis J-12 (J-12) on oral
ulceration of LVG golden Syrian hamsters after buccal membrane injection with methyl viologen
dichloride. Results showed that interleukin-1β, glutathione and malondialdehyde in serum, downregulated
by gavage of live and heat-killed J-12 bacteria. The J-12 live and heat-killed bacteria can reduce the
expression of matrix metalloproteinase-9 by reducing the expression of nuclear factor kappa-B, thus
reducing the expression of anti-in�ammatory factors lipoxinA4 and prostaglandinE2. Reducing the
expression of caspase-3 and adenosine diphosphate ribose polymerase resulted in a reduction of ulcer
tissue DNA damage. In addition, regulating the structure of intestinal �ora prevented the process of oral
ulcer formation. This study shows that J-12 can reduce the risk of oral ulcer formation while also having
a positive effect on inhibiting existing oral ulcer growth.

Introduction
An oral ulcer is a common oral mucosal disease with high incidence and wide coverage. The aetiology of
this disease is complex with potential inducing factors including mechanical damage, immune
dysregulation, genetic predisposition, hormonal in�uence, nutritional imbalance, infection, allergy, and
stress. These factors directly or indirectly destroy the balance between oxidative and antioxidant systems
in the human body1. Studies have shown that oral health is closely related to oral microbiota2, and
restoring the balance of oral microbiota in the ulcer site may be a new treatment for an oral ulcer3.

Probiotics are live microorganisms that provide health bene�ts when ingested by improving or restoring
the gut �ora4. The combination of Bacillus subtilis, Bi�dobacterium bi�dum, Lactobacillus acidophilus,
and Enterococcus faecalis can alleviate experimental oral mucositis in immunosuppressed rats5. The
consortium of Bi�dobacterium longum, Lactobacillus lactis, and E. faecalis has been shown to
signi�cantly enhance the immune response of patients and reduce the severity of oral mucositis caused
by radiotherapy and chemotherapy in nasopharyngeal carcinoma by changing the intestinal �ora6. After
two weeks of application, the mixed preparations of B. longum, Lactobacillus bulgaricus, and
Streptococcus thermophilus signi�cantly reduced the pain level of Candidia-associated stomatitis and
hyperaemia of lingual mucosa7. In addition, Mimura.et al. has found that the synergistic treatment of
oligofructose, lactic acid bacteria, and Bi�dobacterium can reduce the pain incurred by an oral ulcer8.

Some strains of Bi�dobacterium animalis have been shown to have anti-in�ammatory and antioxidant
effects, where the early intervention of B. animalis 420 helps to improve liver immune homeostasis and
liver injury in mice with experimental autoimmune hepatitis9. In addition, L. acidophilus and B. animalis
can play an effective anti-in�ammatory role by regulating the toll-like receptor 2-mediated nuclear factor
kappa-B(NF-κB)and mitogen-activated protein kinase signalling pathways in in�ammatory intestinal
epithelial cells10. In the mouse colitis model induced by dextran sulphate sodium, B. animalis XLTG11
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signi�cantly decreased the levels of proin�ammatory cytokines and increased the levels of anti-
in�ammatory cytokines11. In addition, the exopolysaccharide fractions of B. animalis RH isolated from
the faeces of a centenarian from Guangxi Province yielded direct and effective antioxidant activities12.

A large amount of published data indicates that agents containing dead cells and their metabolites exert
relevant biological responses. In many cases, these are similar to those observed with live cells13. This is
due to lipoteichoic acid, peptidoglycan, and extracellular polysaccharide, which are released during the
heat inactivation of live cells. These are the key materials to immunomodulatory and antagonistic
pathogenicity14.

Thus, using probiotics to manage oral ulcers is becoming a preferred treatment. Currently, there are few
studies on the intervention effects of B. animalis on oral ulcers. In this study, an oral ulcer model was
established in LVG golden Syrian hamsters (golden hamsters) by buccal injection of methyl viologen
dichloride15. We explored the use of J-12 to regulate intestinal homeostasis and its ability in improving
oral ulcers by gavage. We also examined the potential anti-in�ammatory and antioxidant effects of the
live and heat-killed strains of B. animalis and compared their e�cacy against one another. Conclusively,
we looked at the possible activity that B. animalis had in the intervention of oral ulcer formation.

Results

HE staining of mucosal tissue section
As shown in Fig. 1, in the Normal group, the structure of the epidermis was complete, the content of
collagen �bres in the dermis was rich, and a large number of muscle �bres in the subcutaneous muscle
layer were visible without obvious in�ammation. Compared to the Normal group, the epidermis and
dermis cells in the Model group were necrotic, and the nuclei were fragmented or dissolved. There was
severe oedema in the subcutaneous tissue and loose arrangement of connective tissue accompanied by
scattered in�ammatory cell in�ltration and more bleeding. This indicated the successful modelling of an
oral ulcer. In the J-12L group, there were more newly formed muscle �bres in the subcutaneous tissue
accompanied by a small amount of proliferative connective tissue and scattered in�ammatory cell
in�ltration. Moderate oedema and a loose arrangement of connective tissue were also observed, but a
local epidermal layer was absent. The results of the J-12D group were similar to those of the J-12L group,
although there was no local loss of epidermis, only a small amount of capillary congestion and dilation.

Levels Of Oxidation Factor In Serum
Superoxide dismutase (SOD ) was discovered half a century ago. Subsequently, SOD was well identi�ed
as the �rst line of defence against oxygen free radicals16. Reactive oxygen species, namely superoxide
and hydrogen peroxide formed by a certain level of physiological oxidative stress in aerobic organisms,
can cause lipid peroxidation and cell damage. Among them, hydrogen peroxide can be reduced by
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glutathione GSH  with antioxidant function17. In addition, lipid peroxidation is enhanced in the process
of oxidative stress, leading to the generation of lipid peroxidation products such as malondialdehyde
MDA , which can be attached to autologous biomolecules, thereby generating new self-epitopes and

inducing potential adverse biological reactions18. Therefore, the increase in SOD and GSH suggests that
the body stimulates the increase of antioxidants due to oxidative stress. MDA re�ects the damage degree
of oxidative stress. As shown in Fig. 2, compared with the Normal group, the GSH level in the serum of the
Model group was signi�cantly increased (P < 0.05), and the levels of GSH in the J-12L and J-12D groups
were signi�cantly lower than those in the Model group. The MDA level in the Model group was
signi�cantly higher than that in the Normal group, and the MDA levels in the J-12L and J-12D groups
were signi�cantly lower than that in the Model group (P < 0.05). There was no signi�cant difference in
SOD levels among the four treatment groups. The results showed that both J-12 dead bacteria and J-12
live bacteria could reduce the damage degree of oxidative stress in golden hamsters and thus reduce the
level of antioxidant substances in the body.

Levels Of Antioxidant Factors In Mucosal Tissues
LipoxinA4 (LXA4) is a double-acting mediator that activates speci�c cellular pathways through
FPR2/ALX, thereby producing anti-in�ammatory and pro-resolution effects19. Compared with the Normal
group, the LXA4 level in the Model group was increased to a certain extent, and the LXA4 level in the J-
12L and J-12D groups was signi�cantly decreased compared with the Model group (P < 0.05).
prostaglandin E2 (PGE2) not only reduces in�ammation but also has signi�cant therapeutic potential for
tissue regeneration through macrophages20. As can be seen in Fig. 3, compared with the Normal group,
PGE2 levels in the Model group and the J-12D group were signi�cantly increased (P < 0.05). The level of
PGE2 in the J-12 L group had no signi�cant change but was slightly higher than that in the Normal group.

Levels Of Proin�ammatory Cytokines In Serum
Interleukin-1β (IL-1β) is a major stimulator of regional and systemic in�ammation and a major
proin�ammatory mediator21. Interleukin-6 (IL-6) is a typical cytokine to maintain homeostasis. When
homeostasis is disrupted by infection or tissue injury, IL-6 is produced immediately and helps the host
defend against this emergent stress by activating the acute phase and immune response22. As can be
seen from Fig. 4, the level of IL-1β in the Model group was signi�cantly higher than that in the Normal, J-
12L, and J-12D groups. The results indicated that the J-12 treatment had a certain reduction effect on the
level of in�ammation. The level of IL-6 in the Model group was signi�cantly higher than that in the
Normal group (P < 0.05), IL-6 levels in the J-12L and J-12D groups were signi�cantly higher than those in
the Normal group (P < 0.05), and the level of IL-6 in the Model group was higher than that in the Normal
group.

Immunohistochemical Results Of Mucosal Tissues
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The matrix metalloproteinase-9 (MMP-9) gene promoter has a binding site for NF-κB23. NF-κB is an
important transcription factor, and activation of its signalling pathway can initiate an in�ammatory
response24. Previous studies have shown that MMP in Caco-2 monolayer can participate in the increase
of intestinal permeability induced by MMP-9 through the activation of NF-κB25. In the response of
aluminium-induced increase of TJ permeability in HT-29 intestinal epithelium, NF-κB-mediated
upregulation of MMP-9 exists26. 15-Deoxy-D12 and 14-prostaglandin J2 inhibit MMP-9 expression
induced by 12-O-tetracyl-13-acetate by regulating NF-κB/AP-1 activation in McF-7 cells27. In conclusion,
the expression of MMP-9 mediated by NF-κB upregulation is positively correlated with the disease. In this
study, the expression of NF-κB and MMP-9 in the ulcer mucosa of the golden hamster oral ulcer model
was detected. It can be seen from Table 1 that there are signi�cant differences between the Normal group
and the Model, J-12L, and J-12D groups (P < 0.05). The levels of NF-κB and MMP-9 in the J-12 treatment
group were lower than those in the Model group, indicating that the J-12 intervention has a positive effect
on the reduction of in�ammation levels.

Table 1
Immunohistochemical scoring table

  NF-κB MMP-9 Caspase-3 PARP

Normal 0(-)a 0(-)a 0(-)a 0(-)a

Model 3.7(++)b 2.35(+)b 2.74(+)b 5.2(+++)b

J-12L 2.48(+)b 2(+)b 1.29(+)c 3.95(++)b

J-12D 2.36(+)b 1.95(+)b 0.74(+)c 1.92(+)c

Data are presented as means, one-way ANOVA was used to analyze statistical differences. Different
letters indicating signi�cant differences (P < 0.05).

 
Apoptosis is a stage of oral wound healing28, although excessive apoptotic cells will increase the release
of high mobility group box-1 (HMGB-1)29. HMGB-1 is considered an important promoter of diseases such
as coronary artery disease30, local31 and systemic in�ammation32, and cancer33. Caspase-3 is
recognised as an important effector protease, which is cleaved and activated during apoptosis34.
Caspase-3 in turn cleaves a variety of cellular substrates, most notably adenosine diphosphate ribose
polymerase (PARP). PARP can repair single-stranded DNA damage, and cleaved PARP is an important
marker of cell apoptosis35. As can be seen from the quantitative scores in Table 2, the Model, J-12L, and
J-12D groups were signi�cantly different from the Normal group (P < 0.05). The expression levels of
caspase-3 and PARP in the Model group were the highest among the four groups, which were
signi�cantly different from those in the J-12 group (P < 0.05), indicating that the Model group suffered the
most severe DNA damage, and that J-12 intervention could alleviate DNA damage caused by modelling.
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The Diversity And Composition Of The Bacterial Community
The dominant bacterial community in the oral cavity of golden hamsters is consistent with the research
results of Jin.et al.36, which includes Firmicutes, Bacteroidota, Proteobacteria, and Fusobacteriota that
can be seen in Fig. 6a.

Among these, Fig. 6c shows that Bacteroidetes and Firmicutes were the dominant intestinal �ora. This
result is consistent with the results of previous studies37.

It can be seen from Fig. 6a and c that there is no difference in the dominant �ora of oral and intestinal
microbiota in the phylum level among the four groups of samples, with differing relative abundance. To
determine whether the four treatments caused signi�cant differences in the structure of the oral and
intestinal microbiota of golden hamsters, non-metric multidimensional scaling (NMDS) was performed.
This was based on a weighted-normalized-unifrac algorithm at the species level, with results shown in
Fig. 6b and d. There was a large overlap between samples from different treatment groups of golden
hamster oral microbiota, indicating that the four groups of samples had similar species without
signi�cant differences. However, there were signi�cant differences in the structure of intestinal �ora
between the Model group and the Normal group at the species level.

To determine the source of the above differences, a bacterial species visual circle map was
constructed(Fig. 7A and B). Bacterial species with a large difference in relative abundance amongst
groups were statistically analysed. Figure 7C and D listed the bacterial species with signi�cant
differences in relative abundance among oral and intestinal dominant bacterial species.

Additionally, it can be seen from Fig. 7C and D that the J-12D group and the J-12L group have the ability
to regulate the changes in oral and intestinal �ora abundance caused by oral ulcers, with the regulatory
ability of the J-12D group being stronger than that of the J-12L group.

To further study both the relationship between the changes in oral and intestinal bacterial communities
and the indicators caused by the four treatments, a distance-based redundancy analysis (db-RDA) was
conducted using the Bray-Curtis algorithm. As shown in Fig. 7E and F, GSH, MDA, NF-κB, and MMP-9 had
a pronounced in�uence on the community structure of oral microbiota in the order of GSH > MDA > NF-κB 
> MMP-9. GSH, MDA, and PGE2 had a notable in�uence on the structure of the intestinal microbiota
community in the order of GSH > MDA > PGE2.

The top 50 species were selected. The Spearman correlation coe�cient was used to evaluate similarities
and both in�ammatory and immune factors. As can be seen from Fig. 8a and b, MDA has a strong
correlation with oral and intestinal �ora. In the oral microbiota heat map, Streptococcus respiraculi had
the strongest correlation with in�ammatory and immune factors and was positively correlated with LXA4,
MDA, GSH, and NF-κB. Bi�dobacterium pseudolongum was positively correlated with caspase-3, MMP-9,
PARP, and NF-κB. Uncultured- bacterium - G - Lleibacterium, Lactobacillus - reuteri, Unclassi�ed - g -
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Lactobacillus, Unclassi�ed -g - bi�dobacterium, Unclassi�ed - F - Eggerthellaceae, Uncultured - bacterium -
g - enterorhabdus were negatively correlated with MDA and GSH.

Discussion

Effects of Bi�dobacterium animalis J-12 on oral lesions
Probiotics, especially those from Lactobacillus, can stimulate the migration and proliferation of
�broblasts during wound healing38. The formation of �brous connective tissue is a marker of wound
repair39. According to the results of HE staining of the oral mucosa of golden hamsters (Fig. 1), there was
no abnormality in the Normal group. Epithelial cell necrosis and nuclear fragmentation were observed in
the Model group, and new muscle �bres and connective tissue proliferation were observed in the J-12L
and J-12D groups. It can be inferred that J-12 is bene�cial to the healing of oral ulcer in golden hamsters.

There is no uncertainty that J-12 is a probiotic. Studies have shown that probiotics interact with and
attach to the gastrointestinal mucosa and gut-associated lymphoid tissues, which are important
components of immune cells40. During in�ammation, as probiotics interact with the gastrointestinal
mucosa, the symbiotic microbiota express antimicrobial peptides and activate the toll-like receptor
pathway. They induce the production of chemoattractant factors and also regulate the function of
dendritic cells and T lymphocytes to promote wound healing41.

In addition to this mechanism, probiotics and commensals in the digestive system exhibit a microbe-gut-
brain axis mechanism in which neurotransmitters, in the form of oxytocin, are mediated through the
vagus nerve to the central nervous system or through blood vessels to affect the human immune system.
The use of probiotics may improve the wound-healing process by increasing the regulation of oxytocin in
the microbial-gut-brain axis that is conducted via the vagus nerve. Improved systemic oxytocin regulation
can upregulate keratinocyte and �broblast activity to form extracellular motifs42.

Effects Of J-12 On Oxidative Stress
In this experiment, the oxygen free radical damage method was used to model oral ulcers of golden
hamsters. MDA in serum can directly express the severity of oxidative damage of golden hamsters, while
SOD and GSH can re�ect the intensity of the body's stress response in reaction to oxidative damage. We
observed signi�cant differences in GSH and MDA levels among all groups(P < 0.05). The levels of GSH
and MDA in the Model group were signi�cantly higher than those in the Normal group, and the levels of
MDA and GSH in the J-12L and J-12D groups were lower than those in the Model group. In addition, the
levels of MDA in the J-12L and J-12D groups were signi�cantly different from those in the Model group
(P < 0.05). These results indicate that the intervention of J-12 bacteria can reduce the oxidative damage
of golden hamsters, by J-12 having a positive effect on reducing the oxidative damage of the body.
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Caspase-3 and PARP are proteins related to apoptosis. In this study, the expression of these two proteins
in the oral ulcer tissue of golden hamsters was detected by immunohistochemistry and scored. As can be
seen from the quantitative scores in Table 2, the Model, J-12L, and J-12D groups were signi�cantly
different from the Normal group (P < 0.05). The model of the oral ulcer was successfully established by
injection of methyl viologen dichloride into the buccal membrane. The expression levels of caspase-3 and
PARP in the Model group were the highest among the four groups, indicating that the Model group
suffered the most severe DNA damage. The J-12 intervention reduced the protein expression of caspase-
3 and PARP compared to the Model group, indicating that the J-12 intervention could alleviate DNA
damage caused by modelling.

Effects Of J-12 On Immune Response
As can be seen from Fig. 3A, compared with the Normal group, the level of LXA4 in the Model group
increased without signi�cant difference. In addition, the levels of LXA4 in the J-12L and J-12D groups
were signi�cantly lower than those in the Model group (P < 0.05). These results indicated that both dead
and live J-12 bacteria could reduce the level of in�ammation in vivo, resulting in the reduction of LXA4
activation.

As can be seen in Fig. 3B, compared with the Normal group, PGE2 levels in the Model and J-12D groups
were signi�cantly increased (P < 0.05). The level of PGE2 in the J-12 L group had no signi�cant change
but was slightly higher than that in the Normal group. The Model group had the highest level of PGE2,
indicating that they were the most seriously injured by in�ammation. Due to the intervention of J-12, the
in�ammation level was reduced in golden hamsters, so the expression of PGE2 in the J-12 treatment
group was lower than that in the Model group.

In this study, there was no signi�cant difference in the level of IL-6 between the Normal group and the
Model group, which indicated that the in�ammatory response caused by methyl viologen dichloride
spermatogenesis did not completely initiate the IL-6-related pathway. Su et al.43proved that there was a
negative correlation between IL-6 and Candidatus Saccharimonas in a diabetic nephropathy rat model. In
this study, there was no signi�cant difference between the Model and Normal groups and the relative
abundance in the Model group was signi�cantly higher than that in the J-12 treatment group (P < 0.05).
Therefore, the possibility that Candidatus Saccharimonas inhibited IL-6 production could not be excluded.

The expression of IL-1β in the serum of each group was in line with the expected experimental results.
Notably, the intervention of J-12 dead bacteria and live bacteria could reduce the expression of
proin�ammatory factors in golden hamsters. Both NF-κB and MMP-9 are associated with in�ammation.
According to Table 1, there are signi�cant differences between the Normal group and the Model, J-12L,
and J-12D groups (P < 0.05). This indicates that the model was successfully established by buccal
membrane injection of methyl viologen dichloride, which initiated the in�ammatory reaction in golden
hamsters. In this study, the J-12 intervention reduced the level of NF-κB and MMP-9 in golden hamsters
compared to the Model group. It can be concluded that the J-12 intervention has a positive effect on the
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reduction of the in�ammatory response of golden hamster oral ulcers that have been caused by buccal
injection of methyl viologen dichloride damaging free radicals. This result is consistent with the
relationship between NF-κB and MMP-9 reported in previous studies23.

Effects Of J-12 On Oral And Intestinal Microorganisms

The mouth is considered to be one of the largest microbial pools in the human body44. Dysregulation,
colonisation, and translocation of oral microbiota are essential for carcinogenic function. Multiple
potential mechanisms of oral microbial carcinogenesis have been reported, including excessive
in�ammatory response, host immune suppression, promotion of malignant transformation, anti-
apoptotic activity, and secretion of carcinogens45. In this experiment, S. respiraculi and Fusobacterium
nucleatum subsp. polymorphum are two types of bacteria that increased signi�cantly in the mouth of
golden hamsters in the Model group.

Fusobacterium nucleatum (F. nucleatum) participates in the formation of typical dental plaque and
causes periodontal disease46. It is considered to be a key promoter of colorectal cancer47. S. respiraculi is
considered a new genus of Streptococcus48, which is lacking studies related to disease. As can be seen
from Fig. 8a, this bacterium is positively correlated with LXA4, MDA, GSH, and NF-κB, so it may cause
disease by triggering in�ammation and oxidative damage It can be proven that the dysregulation of oral
�ora caused by oral ulcers is a threat to oral health. However, the relative abundance of oral microbiota in
the golden hamsters treated with J-12 was close to the normal level, indicating that J-12 can regulate the
dysregulation of oral microbiota while reducing the incidence of oral and systemic diseases.

Bacteroides dorei is a kind of intestinal microorganism isolated from human faecal samples49, which can
inhibit the growth of Clostridium di�cile and reduce the production of LPS and atherosclerosis50. In
animal experiments, mice inoculated with B. dorei are protected from in�uenza infection51. It is also
negatively correlated with SARS-CoV-252. In this study, B. dorei was detected in the mouth, which is
presumed to be responsible for the mobility of microorganisms in the environment. Further experiments
are needed to determine whether B. dorei, a bene�cial intestinal bacterium, can maintain its physiological
activity after colonising the mouth.

The gut contains some of the most immune cells in the body compared to any other organ. Intestinal
bacteria and their metabolites can regulate the immune system through the promotion and maturation of
immune cells and by maintaining the normal development of immune functions53. In this study, the
intestinal bacteria signi�cantly regulated by gavage were Allobaculum, Candidatus Saccharimonas, and
Clostridia UCG-014. The effects of J-12L and J-12D on the abundance of these three kinds of bacteria
were consistent. Allobaculum and Clostridia UCG-014 levels were signi�cantly different between the
Model group and the Normal group (P < 0.05). Compared to the Model group, the J-12 intervention
signi�cantly increased the relative abundance of Allobaculum while decreasing the relative abundance of
Candidatus Saccharimonas and Clostridia UCG-014, which were close to the Normal group.
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Allobaculum has been identi�ed as a producer of short-chain fatty acids (SCFAs) and has a negative
correlation with different proin�ammatory markers54. High-fat feeding decreased the abundance of
Allobaculum in mice55, with Allobaculum negatively correlated with fasting blood glucose56. Prevotella
histicola MCI001 treatment may have prevented arthritis by increasing the relative abundance of the
Allobaculum genus57.

Candidatus Saccharimonas is an opportunistic pathogen that is signi�cantly elevated in the gut of
patients with gout58. Similarly, Su et al. showed that Candidatus Saccharimonas was signi�cantly
increased in a diabetic nephropathy rat model43. Bruna et al. 59showed that Candidatus Saccharimonas
was the dominant bacterium associated with in�ammatory mucosal diseases, which may be the key
cause of glia-associated carcinogenesis, although further studies are needed.

Clostridia UCG-014 is a proin�ammatory bacterium60. The data from Dong et al. showed that Clostridia
UCG-014 may play a signi�cant, positive role in type 2 diabetes mellitus, and have a strong positive
correlation with fasting blood glucose levels56.

Currently, except for F. nucleatum and B. dorei, the bacteria with signi�cant changes in this study lack
direct experiments to prove their effects. Through association analysis, MDA and microbiota had the
strongest correlation, which was consistent with db-RDA results. However, this result was not explained
by relevant reports in the existing research literature. Bi�dobacterium pseudolongum was positively
correlated with caspase-3, MMP-9, PARP, and NF-κB in the heat map analysis of this experiment (Fig. 8b),
indicating that B. pseudolongum has the potential to promote in�ammation and aggravate DNA damage.
At the same time, this result also indicated that the Bi�dobacterium species had speci�city, and the effect
of strains could not be generalised.

Conclusions
The results of this study show that it is feasible to intervene in oral ulcer growth by gavage of live and
heat-killed Bi�dobacterium animalis J-12. The intervention mechanism of this experiment involved J-12
live bacteria and J-12 heat-killed bacteria intervening in oral ulcer growth by regulating intestinal �ora,
with J-12 heat-killed bacteria showing the best effect. Both J-12 live bacteria and J-12 heat-killed bacteria
can reduce the level of oxidative stress injury, with no signi�cant difference between the two. This
indicates that J-12 live bacteria and J-12 heat-killed bacteria both have indirect anti-in�ammatory and
antioxidant effects. In this study, J-12 promoted the healing of oral ulcers caused by methyl viologen
dichloride through three pathways. The �rst is the oxidative stress pathway. By reducing the expression of
NF-κB, the expression of MMP-9 was downregulated, which reduced the level of in�ammation. Second,
the expression of caspase-3, apoptosis-related protein, and DNA repair protein PARP was decreased, and
the cell damage caused by methyl viologen dichloride was alleviated. Finally, by reducing the relative
abundance of intestinal pathogenic bacteria and upregulating the relative abundance of bene�cial
bacteria, the homeostasis of intestinal �ora could be maintained, the gastrointestinal barrier could be
enhanced, and the immune system could be regulated.
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Methods

Bacterial strain and culture condition
B. animalis subsp. Lactis J-12 strain (J-12, CGMCC NO.25005) is a strain that was originally isolated
from the faecal matter of a 1-month-old infant (vaginal delivery and breastfed). J-12 was incubated
anaerobically in modi�ed MRS medium at 2% (v/v) for 12 h at 37°C (three generations). The bacterial
suspensions were centrifuged at 8,000 ×g (10 min, 4°C), washed three times with phosphate buffer saline
(PBS) (pH 7.4), and the concentration of the bacterial solution was adjusted to 109 CFU/mL.

Animal Experiments
All experiments were conducted in accordance with the National Institutes of Health guidelines for the
care and use of experimental animals and approved by the Ethical Committee of the Experimental Animal
Care of Beijing University of Agriculture (Beijing, China). Six-week-old male golden hamsters weighing
110 ± 20 g/animal (Vital River, Beijing, China) were allowed to acclimatize for 1 week at a humidity of 45–
50% and a temperature of 20 ± 2°C and had free access to food and water. After acclimation in the
feeding room for one week, the golden hamsters were randomly divided into four groups: Normal control
group (Normal group), Model group (Model group), J-12 live bacteria group (J-12L), and J-12 heat-killed
bacteria group (J-12D). There were six golden hamsters in the Normal group and 10 golden hamsters in
other groups. The golden hamsters in the Normal and Model groups were gavaged with 1 mL sterile
saline daily, the golden hamsters in the J-12L group were given 109 J-12 live bacteria by gavage, and the
golden hamsters in the J-12D group were given 109 J-12 heat-killed bacteria by gavage. The golden
hamsters were anesthetised by intraperitoneal injection of 10% (w/v) chloral hydrate (injection volume
0.3–0.5% body weight, J&K Scienti�c, Beijing, China) after 14 days of gavage. PBS buffer (0.25 mL) (pH 
= 7.4) was injected into the cheek pouches of the golden hamsters in the Normal group. The other three
groups were injected with 0.25 mL methyl viologen dichloride (10 mmol/L, dissolved in PBS, Sigma-
Aldrich, Missouri, USA) in cheek pouches. From the day of modelling until the golden hamsters were
sacri�ced, each group was given daily gavage intervention. On the fourth day after modelling, the golden
hamsters were anesthetised, and the blood was collected. Then, the inside of the golden hamsters' mouth
(except the ulcer site) was scraped with an oral swab, and the swab tip was cut and placed into a sample
tube containing nucleic acid protection solution (Biobase, Shandong, China). Oral ulcer lesions or normal
mucosa were cut and divided into two parts. One part was �xed in 4% paraformaldehyde, and the other
part was frozen in liquid nitrogen. After separating the serum from whole blood, the serum was frozen at
-80℃.

He Staining Sections Of Oral Ulcer Mucosal Tissues
Fixed oral ulcer mucosal tissues were embedded and sectioned in para�n, then the sections were
dewaxed and dehydrated, followed by haematoxylin and eosin staining, and �nally dehydrated and
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sealed for observation and photography under a microscope.

Immunohistochemical Slice Of Oral Ulcer In Areas Of Mucosal Tissue
The para�n section was dewaxed and dehydrated using citric acid antigen repair buffer (pH = 6.0), and
then put into a 3% hydrogen peroxide solution with dark incubation for 25 min to block endogenous
peroxidase. The next steps included primary antibody incubation(NF-κB, MMP-9, and caspase-3
antibodies (Proteintech, Wuhan, China); PARP antibodies (Boosen, Beijing, China)) and then secondary
antibody incubation. Finally, after DAB colour development, nuclear counterstaining were performed; the
slices were dehydrated and sealed, and then observed and photographed under a microscope.

Immunohistochemical scoring was done using the Immunoreactive Score scale. The degree of staining
(0–3 points) and positive rate (0–4 points) were scored with the comprehensive score (0–12 points)
obtained by multiplication. The degree of staining is scored according to the staining characteristics of
the target protein: no staining is 0 points, light yellow is 1 point, brown yellow is 2 points, and tan is 3
points. The positive rate was scored according to the positive rate of cells in the section: 0–5% was 0
points, 6–25% was 1 point, 26–50% was 2 points, 51–75% was 3 points, and 75% was 4 points.
Comprehensive score 0 was negative (-); 1–3 was weak positive (+); 3.1–5 was positive (+ +); and5.1–7
was strongly positive (+ + +).

Determination Of Lxa4 And Pge2 In Mucous Tissues Of Oral Ulcers
Oral mucous tissues of golden hamsters were collected to prepare tissue homogenates. LXA4 and PGE2
in tissue homogenates were measured by enzyme-linked immunosorbent assay (ELISA). The total protein
concentration of tissue homogenate was measured to correct the contents of LXA4 and PGE2 (Huamei,
Wuhan, China). The speci�c operation procedure was performed according to the corresponding kit
instructions.

Serum Proin�ammatory Cytokines And Oxidative Stress Indices Were
Determined By Elisa
The hamster's serum samples were quanti�ed to evaluate the activity of in�ammatory cytokine and
interleukin markers using the IL-6 ELISA kit, IL-1β ELISA kit (BioSource International, California, USA), SOD
ELISA kit, GSH ELISA kit, and malondialdehyde (MDA) ELISA kit (Betotime, Shanghai, China).

Determination Of Oral Microbiota Composition
Total DNA was extracted from the oral swab samples of golden hamsters. Illumina PE300 sequencing
platform was used for 16S rDNA high-throughput sequencing (Majorbio, Shanghai, China). The
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sequencing data were subjected to OUT clustering, species annotation, diversity analysis, and other
bioinformatics and data statistical analyses.

Determination Of Intestinal Microbiota Composition
Total DNA was extracted from the colonic content samples of golden hamsters, and 16S rDNA high-
throughput sequencing was performed by Illumina PE300 sequencing platform (Majorbio, Shanghai,
China). The sequencing data were subjected to OUT clustering, species annotation, diversity analysis, and
other bioinformatics and data statistical analyses.

Statistical analysis
All experimental data were statistically analyzed using SPSS 26.0. Data were expressed as mean ± 
standard deviation (SD) and analyzed by one-way analysis of variance (ANOVA). p-values < 0.05 were
considered statistically signi�cant; * denotes P < 0.05, ** denotes P < 0.01, and *** denotes P < 0.001.
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Figure 1

HE staining images of typical golden hamsters oral mucosal tissue sections. a Normal group, b Model
group, c J-12 L group, d J-12 group.

The red arrow points to in�ammatory cell in�ltration. The black arrow points to mucosal epithelial cell
necrosis and nuclear fragmentation. The yellow arrow points to loose arrangement of connective tissue.
The blue arrow points to bleeding. The purple arrow points in the direction of new muscle �bres. The
green arrow points to the connective tissue hyperplasia. The brown arrows point to capillary congestion
dilation. The orange arrows point to local epidermal layer loss (Normal group, Model scale group: 200 μm,
J-12L group, and J-12D group scale: 100 μm).



Page 20/26

Figure 2

Level of oxidation index in serum of golden hamsters. A level of GSH; B level of MDA; C level of SOD.
Data are shown as mean ± standard deviation. One-way ANOVA was used to analyze statistical
differences. Different letters at the top of the column indicating signi�cant differences (P < 0.05).
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Figure 3

Levels of antioxidant factors in mucosal tissues of golden hamsters. A level of LXA4; B level of PGE2.
Data are shown as mean ± standard deviation. One-way ANOVA was used to analyze statistical
differences. Different letters at the top of the column indicating signi�cant differences (P < 0.05).

Figure 4

Levels of proin�ammatory factor in serum of golden hamsters. A IL-1β, BIL-6. Data are shown as mean ±
standard deviation. One-way ANOVA was used to analyze statistical differences. Different letters at the
top of the column indicating signi�cant differences (P < 0.05).
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Figure 5

Typical immunohistochemical images in the mucosa tissue of golden hamster (scale: 100 μm)
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Figure 6

J-12 altered the �ora structure of golden hamsters. a community composition of oral microbiota at the
phylum level; b community composition of intestinal microbiota at the phylum level; c species level
NMDS map of oral microbiota;d species level NMDS map of intestinal microbiota.
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Figure 7

J-12 altered the relative abundance of dominant bacteria of golden hamsters. A visualization circle of
oral bacteria; B visualization circle of intestinal bacteria; C the relative abundance of oral dominant
bacteria with signi�cant differences; D the relative abundance of intestinal dominant bacteria with
signi�cant differences; E db-RDA of oral microbiota species level in golden hamsters; F db-RDA of
intestinal microbiota species level in golden hamsters. Data are shown as mean ± standard deviation.
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One-way ANOVA was used to analyze statistical differences. Different letters at the top of the column of
the same strain indicating signi�cant differences (P < 0.05).

Figure 8

Heat map of correlation between species and factors in golden hamsters. a heat map of correlation
between oral �ora and factorsin golden hamsters; b heat map of correlation between intestininal and



Page 26/26

factorsin golden hamsters. Spearman was used to analyze statistical differences. * denotes P < 0.05, **
denotes P < 0.01, and *** denotes P < 0.001.


