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Abstract: Objective: To determine the effects of mesalazine combined with probiotics on inflammation and immune
function of patients with inflammatory bowel disease (IBD). Methods: In this retrospective study, a total of 116
patients with IBD treated in Renmin Hospital of Wuhan University from September 2018 to September 2021 were
enrolled and divided into a control group (n=55, treated with mesalazine alone) and a research group (n=61, treated
with mesalazine combined with probiotics) according to the treatment regimen. The two groups were compared in
the levels of inflammatory factors, immune factors, adverse reactions, clinical efficacy and improvement of patients’
disease condition before and after treatment. Logistic regression was used to analyze the independent risk factors
of infection in patients with IBD at 6 months after admission. Results: The research group showed a significantly
higher the total effective rate than the control group (P<0.05), and there was no notable difference between the two
groups in the incidence of adverse reactions (P>0.05). In addition, compared with the control group, the research
group showed significantly lower levels of immunoglobulin A (IgA), immunoglobulin G (IgG), immunoglobulin M (IgM),
Tumor necrosis factor-a (TNF-x), interleukin-6 (IL-6), C-reactive protein (CRP), and had significantly lower scores of
clinical activity index (CAl) and endoscopic activity index (EAI) after treatment (all P<0.05). Higher IgG, IgM, IL.-6, CRP
and EAl levels at admission were independent risk factors for infection in patients with IBD. Conclusion: Mesalazine
combined with probiotics can substantially improve the disease condition of patients with IBD, improve their im-
mune ability and reduce their inflammation level, with a good safety profile.
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Introduction

Inflammatory bowel disease (IBD) is a chronic
intestinal inflammatory disease, which includes
two types, namely, Crohn’s disease and ulcer-
ative colitis [1]. Crohn’s disease and ulcerative
colitis have highly similar pathogenesis, both of
which can give rise to chronic intestinal inflam-
mation [2]. IBD mainly occurs among young
people, with diverse clinical manifestations
and long course of disease, and IBD patients
often suffer complications [3]. Patients with
long-term IBD face a significantly increased risk
of colorectal dysplasia and cancer [4]. The spe-
cific pathogenesis of IBD is still unclear, but the
intestinal immune disorder requires attention
[5]. Macrophages play a crucial role in the
pathogenesis of IBD. They can produce inflam-
matory factors such as interleukin-13 (IL-1B),

interleukin-6 (IL-6), IL-23 and tumor necrosis
factor-a (TNF-a) and thus activate other im-
mune cells and cause immune disorders. Under
the action of IFN-y and TNF-&, macrophages
polarize into M1 macrophages which can effi-
ciently present antigens, secrete proinflamma-
tory cytokines such as IL-1 and IL-6 at high lev-
els, activate Thl immune response and pro-
mote inflammation [6].

Currently, aminosalicylate, corticosteroids, im-
munosuppressants and biological agents are
mainly used for the treatment of IBD [7].
Mesalazine, the effective component of which
is 5-aminosalicylic acid, can be released in the
colon and ileum, and is thus used as a common
drug for ulcerative enteritis [8]. Peroxidase in
colonic mucosa can form leukotrienes and
prostaglandins, and mesalazine can inhibit the
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formation of prostaglandins and leukotrienes,
thus inhibiting the development of intestinal
inflammation [9]. According to studies, mesala-
zine can relieve symptoms, but also carries a
risk of infection, hepatitis, leukopenia and pan-
creatitis [10].

Inflammation can also be alleviated by regulat-
ing the intestinal bacterial microenvironment in
IBD imbalance, so as to achieve the therapeu-
tic effect [11]. Probiotics are living microorgan-
isms, which have been used in the treatment of
diarrhea [12]. Probiotics can inhibit the over-
growth of potentially pathogenic bacteria to
regulate the composition and inflammatory
level of the intestinal tract. Khan et al. [13]
pointed out that probiotics could lower the level
of inflammation in mice with colitis and allevi-
ate colitis through intestinal microflora and
immune response. In addition, according to
prior research, mesalazine combined with pro-
biotics can deliver higher efficacy by shortening
the course of disease and preventing recur-
rence [14].

Accordingly, we compared the treatment effi-
cacy of mesalazine alone and its combination
with probiotics in IBD patients, with the pur-
pose of exploring the effect of combined treat-
ment on the inflammation and immune func-
tion of patients with IBD.

Materials and methods
Patient information

A total of 116 patients with IBD treated in
Renmin Hospital of Wuhan University from
September 2018 to September 2021 were ret-
rospectively selected and grouped into two
groups according to the treatment regimen. A
total of 55 patients treated with mesalazine
alone were assigned to the control group, and
the other 61 patients treated with mesalazine
combined with probiotics were assigned to the
research group. This study was approved by the
Medical Ethics Committee of Renmin Hospital
of Wuhan University (IRB-20180403), and all
patients signed informed consent forms after
understanding the purpose and contents of the
study.

Inclusion and exclusion criteria

Inclusive criteria: Patients diagnosed with IBD
by colonoscopy, imaging examination or patho-
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logical examination according to the diagnostic
criteria in the diagnostic guidelines issued by
the Asian Organization of Crohn’s and Colitis
(AOCC) [15]; patients =18 years old; and pa-
tients with complete clinical data.

Exclusion criteria: Patients allergic to thera-
peutic drugs used in this study; patients with
poor compliance with treatment; patients with
comorbid infection or autoimmune disease;
patients with other comorbid digestive diseas-
es, or comorbid malignant tumour; patients
with incomplete detection results of relevant
indicators; or pregnant/lactating woman.

Treatment mode

Patients in the control group were given
Mesalazine Slow-Release Tablets orally (Sun-
flower Pharmaceutical Group Jiamusi Luling
Pharmaceutical Co., Ltd; State Food and Drug
Administration (SFDA) approval number: H19-
980148; 0.25 g*24 s), 1 g a day 3 times for 2
months. Patients in the research group were
given probiotics, Enteric-coated Bifida triple
viable capsules (Bifidobacterium longum, Lac-
tobacillus acidophilus and Enterococcus fae-
calis) (Shanghai Pharmaceuticals Sine, SFDA
approval number: S10950032; 0.21 g x 24 s)
in addition to treatment in the control group.
Specifically, each patient was required to take
2 capsules each time, three times a day.

Outcome measures

The clinical efficacy of the two groups was com-
pared. Markedly effective: After therapy, the
clinical symptoms of the patient disappeared
completely, and the colonoscopy showed that
the mucosa of the patient was normal; Effective:
After therapy, the patient’s clinical symptoms
were alleviated to a certain extent, and the
colonoscopy results showed that the patient’s
mucosa had polyps and slight congestion;
Ineffective: After therapy, the patient’s clinical
symptoms and the colonoscopy results were
not changed. Total effective treatment rate =
[(number of cases with markedly effective +
cases of effective)/the total number of patients]
x 100%.

The incidence of adverse reactions in the treat-
ment process of the two groups was counted.

Before and after therapy, 5 mL venous blood
was extracted from each patient and placed
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Table 1. Baseline data

Control Research

group (n=55) group (n=61)

Age (years) 36.78+4.94 36.10+4.32
Gender

Male 31(56.36) 39 (63.93)

Female 24 (43.64) 22 (36.07)
Course of disease (years) 3.68+0.54 3.8+0.63
BMI (kg/m?) 21.47+2.42 20.76+2.2
Type

Ulcerative colitis 43 (78.18) 45 (73.77)

Crohn’s disease 12 (21.82) 16 (26.23)
Lesion site

Rectum 18 (32.73) 15 (24.59)

Left colon 12 (21.82) 15 (24.59)

Extensive colon 25 (45.45) 31 (50.82)
Smoking history 17 (30.91) 15 (24.59)
Alcoholism history 15 (27.27) 13 (21.31)
Place of residence

Rural area 43(78.18) 50 (81.97)

Cities and towns 12 (21.82) 11 (18.03)

Statistical analyses

BMI, Body Mass Index.

in coagulation promoting tubes, followed by
immediate centrifugation (3000 x g at 4°C for
10 min). The levels of 1gG, IgM and IgA in se-
rum were analyzed using an automatic immune
analyzer (Beckman Image 800), and the levels
of serum CRP, IL-6, and TNF-a were measured
by enzyme-linked immunosorbent assay (ELISA)
kits (Thermo Fisher Scientific, USA; KHAO031,
KHC0061, and KHC3011).

The clinical activity index (CAl) and endoscopic
activity index (EAIl) of all patients were deter-
mined before and after treatment. The eva-
luation of CAl covered seven items: defecation
frequency, stool blood volume, abdominal pain
symptoms, fever, anemia, ESR changes and
systemic symptoms. Evaluation of EAl covered
reflective granules, vascular morphology, mu-
cosal fragility and mucosal injury degree under
colonoscopy. A higher score suggested a more
severe situation.

The number of patients with infection within
half a year after admission to hospital in the
two groups was counted. The immune and
inflammatory indexes of infected and uninfect-
ed patients were compared, and multivariate
analysis was conducted to explore the inde-
pendent risk factors of infection.
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t/X*  P-value SPSS 20.0 software (Chicago
0.791 0.431 SPS§ .Co., Ltd.) .was usgd for
statistical analysis. Continuous
0.693 0.405 .
variables were expressed as
mean * standard deviation. The
independent t-test was used for
1.096 0.276 comparison between the two
1.655 0.101 groups, and the paired t-test
0.307 0.579 was used for comparison of the
same group at different time
periods, and the results were
0.696 0.706 expressed by t. For classification
variables, the data were expres-
sed as the number or percentag-
es, and analyzed using the chi-
square analysis, and the results
0.578 0.447 were expressed using X2. Logistic
0.561 0.454 multivariate regression was used
0.261 0.610 to analyze the independent risk
factors of infection in patients
with IBD 6 months after admis-
sion. P<0.05 indicated a statisti-
cal difference.
Results

Baseline data

There was no significant difference in age, gen-
der, course of disease, body mass index (BMI),
type, lesion location, smoking history, alcohol-
ism history and place of residence between the
two groups (P>0.05, Table 1).

Comparison of efficacy between the two
groups

According to comparison of efficacy between
the two groups, the total effective rate of the
research group was significantly higher than
that of the control group (88.52% vs. 70.91%,
P<0.05, Table 2).

Incidence of adverse reactions in the two
groups

During the treatment, patients in the control
group suffered from rash, nausea and consti-
pation, showing a total incidence of adverse
reactions of 7.27%, while patients in the re-
search group suffered rash, nausea, diarrhea
and constipation, showing a total incidence of
adverse reactions of 11.48%. The total inci-
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Table 2. Therapeutic efficacy

the incidence of infection was

Control group Research group

not significantly different betwe-

(n=55) (n=61) X?  Pvalue en the two groups (X?=1.001,
Remarkably effective 21 (38.18) 27 (44.26) P=0.317). The patients were fur-
Effective 18 (32.73) 27 (44.26) ther divided int_o thg infection
Ineffective 16(29.09) 7 (11.48) group and non-infection group,
Total effective rate 39 (70.91) 54 (88.52) 5.646 0.018 and there were significant differ-
ences in the course of disease,
levels of IgA, 1gG, IgM, TNF-q,
Table 3. Adverse reactions IL-6 and CRP, CAl score and EAl
Control Research score at admission between the
group (n=55) _group (n=61) t/X? P two groups (P<0.05, Table 4).
Rash 1(1.82) 2(3.28) Multivariate analysis
Nausea 1(1.82) 3(4.92)

Diarrhea 0 (0.00) 1(1.64) Univariate analysis showed that
Constipation 2(3.64) 1 (1.64) course of disease, IgA, 1gG, I1gM,
Total adverse reactions 4 (7.27) 7(11.48) 0595 0.440 TNF-a, IL-6, CRP, CAl score and

dence of adverse reactions between the two
groups was not significantly different (P>0.05,
Table 3).

Improvement of patients’ immune function

According to comparison of the changes in
immune function between the two groups, IgA,
1gG and IgM in both groups decreased signifi-
cantly after treatment (P<0.05), with signifi-
cantly lower levels in the research group than
those in the control group (all P<0.05, Figure
1).

Changes of inflammatory levels in patients

After treatment, TNF-a, IL-6 and CRP in both
groups decreased significantly (P<0.05), and
the levels in the research group were notably
lower than those in the control group (P<0.05,
Figure 2).

Improvement of patients’ disease condition

After treatment, the CAl and EAI scores of both
groups decreased significantly (P<0.05), with
significantly lower CAl and EAI scores in the
research group than the control group (P<0.05,
Figure 3).

Relationship between immune and inflamma-
tory markers and infection in patients

After 6 months of treatment, there were 11

cases of infection in the control group (20.00%)
and 8 cases in the study group (13.11%), and
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EAl score at admission were the

influencing factors of infection in
patients with IBD. Binary logistics analysis fur-
ther showed that relatively high IgG, 1gM, IL-6,
and CRP levels at admission and relatively high
EAI score at admission were independent risk
factors for infection events in patients with IBD
(Table 5).

Discussion

As a typical chronic autoimmune disease, IBD
is closely related to many factors, including
imbalance of anti-inflammatory and pro-inflam-
matory factors, diet, genetic factors, infection,
environment and imbalance of intestinal flora
[16]. Mesalazine containing 5-aminosalicylic
acid can inhibit the synthesis of activated
inflammatory mediators such as prostaglandin
E2, leukotriene B4 and platelets in the serum
of patients with IBD, which can help inhibit
inflammatory reaction and thus achieve the
purpose of treatment [17]. According to prior
research [18], corticosteroids and immunosup-
pressants are effective for severe IBD patients,
but long-term use of corticosteroids may give
rise to acne, weight gain, infection, osteoporo-
sis and cataracts, aggravating the disease [18].
Probiotics stand out, because they can improve
the function of immune system and intestinal
mucosal barrier, correct intestinal microeco-
logical disorder, promote the secretion of anti-
inflammatory factors and inhibit the growth of
harmful bacteria [19].

In the present study, mesalazine combined wi-
th probiotics showed more effective curative
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Figure 1. Improvement of patients’ immune function. A. There was no significant difference in IgA between the two groups before treatment (P>0.05). After treat-
ment, IgA of the two groups decreased significantly (P<0.001), with a significantly lower level in the research group than that in the control group (P<0.001). B. There
was no significant difference in IgG between the two groups before treatment (P>0.05). After treatment, IgG of the two groups decreased significantly (P<0.001),
with a significantly lower level in the research group than that in the control group (P<0.001). C. There was no significant difference in IgM between the two groups
before treatment (P>0.05). After treatment, IgM of the two groups decreased significantly (P<0.001), with a significantly lower level in the research group than that
in the control group (P<0.001). Notes: *P<0.05, **P<0.01, and ***P<0.001. IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M.
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Figure 2. Changes of the inflammation level before and after treatment. A. There was no significant difference in
TNF-o« between the two groups before treatment (P>0.05). After treatment, TNF-a in both groups decreased signifi-
cantly (P<0.001), with a significantly lower level in the research group than that in the control group (P<0.001). B.
There was no significant difference in IL-6 level between the two groups before treatment (P>0.05). After treatment,
IL-6 of the two groups decreased significantly (P<0.001), with a significantly lower level in the research group than
that in the control group (P<0.001). C. There was no significant difference in CRP between the two groups before
treatment (P>0.05). After treatment, CRP of the two groups decreased significantly (P<0.001), with a significantly
lower level in the research group than that in the control group (P<0.001). Note: ***P<0.001. CRP, C-reactive pro-
tein; TNF-, tumor necrosis factor-o; IL-6, interleukin-6.
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Figure 3. Improvement of the patient’s condition. A. There was no significant difference in clinical activity index
(CAl) scores between the two groups before treatment (P>0.05). After treatment, CAl scores of the two groups de-
creased significantly (P<0.001), with significantly lower scores in the research group than those of the control group
(P<0.001). B. There was no significant difference in endoscopic activity index (EAI) scores between the two groups
before treatment (P>0.05). After treatment, EAI scores of the two groups decreased significantly (P<0.001), with

significantly lower scores in the research group than those of the control group (P<0.001).

outcome than mesalazine alone in the treat-
ment of IBD, and the two methods did not
bring significantly different adverse reactions.
However, in the combined treatment group,
some patients suffered diarrhea, possibly be-
cause probiotics can increase gastrointestinal
motility, which may induce diarrhea in IBD pa-
tients, but the patients were self-healed later.
Dang et al. [20] pointed out that compared with
mesalazine alone, the patients who received
the combination treatment of the probiotic mix-
ture had better improvement, which was con-
sistent with our research.

In terms of the inflammation and immune func-
tion of patients after treatment, we found that
mesalazine combined with probiotics can im-
prove the immune function of patients more
effectively and reduce the inflammatory level of
patients more significantly. The initial damage
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of mucosal barrier and intestinal epithelium
causes the increase of intestinal permeability,
which exposes intestinal bacteria, pathogens
and antigens to immune cells, and then results
in intestinal inflammation and inappropriate
immune response [21]. However, the immune
regulation of probiotics takes effect through
the interaction with intestinal cells and dendrit-
ic cells, which leads to the regulation of innate
and adaptive immune system [22]. Liu et al.
[23] induced chronic colitis in mice with dex-
tran sodium sulfate, and found that the levels
of IgM, IgG and IgA in the colonic mucus of
chronic colitis mice increased, while a mixture
of probiotics significantly reduced the levels of
IgM, IgG and IgA.

As a living microorganism that produces health
benefits to the host, probiotics have many spe-
cific mechanisms: first, they can bind to intesti-

Am J Transl Res 2022;14(11):8234-8242
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Table 4. Univariate analysis

Infection group (n=19) Non-infection group (n=97) t/X? P

Age (years) 36.47+4.27 36.15+5.45 0.242 0.810
Gender 1.690 0.194

Male 14 (73.68) 56 (57.73)

Female 5 (26.32) 41 (42.27)
Course of disease (years) 4.11+0.67 3.67+0.55 3.074 0.003
BMI (kg/m?) 20.74+2.10 21.16+2.37 0.719 0.474
Type 2.003 0.157

Ulcerative colitis 12 (63.16) 76 (78.35)

Crohn’s disease 7 (36.84) 21 (21.65)
Lesion site 0.790 0.674

Rectum 7 (36.84) 26 (26.80)

Left colon 4 (21.05) 23(23.71)

Extensive colon 8(42.11) 48 (49.48)
History of smoking 7 (36.84) 25 (25.77) 0.975 0.324
History of alcoholism 7 (63.16) 21 (74.23)
Place of residence 0.602 0.438

Rural area 14 (73.68) 79 (81.44)

Urban area 5(26.32) 18 (18.56)
IgA at admission 2.45+0.47 2.15+0.57 2.222 0.028
1gG at admission 19.62+1.89 18.21+1.95 2.896 0.005
1gM at admission 2.24+0.42 1.97+0.54 2.058 0.042
TNF-or at admission 3.53+0.97 3.04+0.78 2.402 0.018
IL-6 at admission 26.80+5.28 23.98+4.42 2.461 0.015
CRP at admission 21.91+4.53 16.15+4.95 4.699 <0.001
CAl score at admission 4.95+1.22 4.38+0.97 2.242 0.027
EAIl score at admission 8.53+1.90 6.86+2.23 3.052 0.003
Treatment mode 1.001 0.317

Mesalazine alone 11 (57.89) 44 (45.36)

Salazine combined with probiotics 8(42.11) 53 (54.64)

BMI, Body Mass Index; EAI, Endoscopic Activity Index; CRP, C-reactive Protein; IgA, Immunoglobulin A; 1gG, Immunoglobulin G;

1gM, Immunoglobulin M; TNF-&, Tumor Necrosis Factor-a; IL-6, Interleukin-6.

nal mucosal epithelial cells to strengthen the
mucosal defence barrier; secondly, they can
also promote the growth of normal microorgan-
isms, inhibit the reproduction of pathogenic
microorganisms, and regulate intestinal micro-
ecology. Additionally, probiotics can also regu-
late the mucosal immune response and pro-
mote intestinal lymphocytes to differentiate
into regulatory T cells. Some studies have also
confirmed that probiotics can effectively alle
viate intestinal inflammation [24, 25]. There-
fore, the combination of probiotics can further
strengthen the treatment effect on inflamma-
tion, mucosal immunity and intestinal motility,
and jointly promote a good outcome from
disease.
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Finally, we also found that mesalazine com-
bined with probiotics significantly reduced CAl
and EAI scores, which indicated that the com-
bined treatment could improve the intestinal
barrier function of patients to a great extent, as
well as reduce the damage caused by diseas-
es, and thus accelerate the recovery of pa-
tients. CAl is a scoring method based on clinical
symptoms and laboratory results, while EAI is
a scoring method specifically used to reflect
endoscopic mucosal lesions [26]. The signifi-
cant improvement of the two scores indicates
that combined therapy is effective for disease
relief in patients with IBD. Palumbo et al. [27]
also revealed that mesalazine combined with
probiotics could replace corticosteroids in the

Am J Transl Res 2022;14(11):8234-8242
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Table 5. Multivariate analysis

95% C.I. of EXP (B)

Factors B S.E Wals Sig. Exp (B) — —
Lower limit Upper limit
1gG at admission 0.536 0.266 4.058 0.044 1.709 1.015 2.877
1gM at admission 2.179 1.046 4.339 0.037 8.834 1.137 68.614
IL-6 at admission 0.266 0.096 7.732 0.005 1.305 1.082 1.575
CRP at admission 0.178 0.084 4.479 0.024 1.829 1.084 3.085
EAIl score at admission 0.604 0.267 5.118 0.001 6.784 2.265 20.324

EAI, Endoscopic Activity Index; CRP, C-reactive Protein; IgG, Immunoglobulin G; IgM, Immunoglobulin M; IL-6, Interleukin-6.

treatment of mild to moderate ulcerative colitis.
Through multivariate analysis, we found that
relatively high IgG, 1gM, IL-6 and CRP levels on
admission and relatively high EAI score on
admission were independent risk factors for
infection in IBD patients. Analyzing the rea-
sons, when patients have high inflammation
and immune disorders, their intestinal homeo-
stasis is disrupted, and the destruction of inate
resistance makes the intestinal tract suscepti-
ble to many bacteria and pathogens, resulting
in infection.

This study still has some limitations. Some
studies have shown that mesalazine with probi-
otics can contribute to clinical remission for
most patients with mild to moderate IBD [28].
However, in this study, due to the limited sam-
ples, we were unable to find the difference
between the efficacy in severe cases and mod-
erate to mild cases. We hope to conduct further
research with a larger sample size in the future.
Secondly, the risk factors of adverse reactions
caused by treatment have not been discussed,
which also requires a larger sampled study.

To sum up, mesalazine combined with probiot-
ics can substantially alleviate IBD symptoms by
improving patients’ immune ability and reduc-
ing inflammation level, with a good safety pro-
file.
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