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Abstract: Objective To investigate the efficacy of high-intensity interval training (HIIT)and live Bifidobacterium capsules
combined with 5-aminosalicylic acid in the treatment of ulcerative colitis (UC), and its impact on immune function, intestinal
flora, intestinal mucosal function and inflammatory factors. Methods A total of 80 patients with mild to moderate active UC
who were admitted to Jiangsu Province (Sugian)Hospital from March 2022 to March 2024 were retrospectively enrolled as the
research subjects. All patients received standard treatment based on 5-aminosalicylic acid preparations. On this basis, 40
patients treated with live Bifidobacterium capsules were assigned to the control group, and 40 patients treated with HIIT
combined with live Bifidobacterium capsules were assigned to the combination group. Both groups were treated continuously
for one month, with colonoscopy performed before and after treatment to evaluate mucosal healing. The curative effect, as
well as the levels of peripheral blood T lymphocyte subsets, intestinal flora, intestinal mucosal function indicators [diamine
oxidase (DAO), D-lactic acid] and inflammatory factors[interleukin (IL)-18, tumor necrosis factor (TNF)-a, IL-8]of the two
groups were compared. Results After one month of treatment, the overall effective rate of the combination group was higher
than that of thecontrol group (97.50% vs 80.00%, x* =4.507, P=0.034). In both groups, the patients’ fecal Escherichia coli colony
counts, peripheral blood CD8" , serum DAO, D-lactic acid, IL-1B, TNF-a, and IL-8 levels decreased compared to before
treatment, while CD4+, CD3+, CD4+ /CD8+, and Bifidobacterium and Lactobacillus colony counts increased compared to
before treatment (P<0.05), and all indicators in the combination group were better than those in the control group (P<0.05).
Conclusion Based on standard treatment with 5-aminosalicylic acid, combining HIIT with live Bifidobacterium capsules can
effectively enhance patients' immune function, optimize intestinal microbiota, improve intestinal mucosal function, reduce UC
inflammatory response, and significantly increase the efficacy of UC treatment.
Keywords: High-intensity interval training; Live Bifidobacterium capsule; Mucosal healing; Immune function; Intestinal mucosal
function; Inflammatory factor
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Ulcerative colitis (UC) is a chronic non-specific
inflammatory disease of the colorectum, which is
associated with immune mechanism disorder, genetic
susceptibility, environmental exposure and intestinal
microbial imbalance. Among  these factors,
immunoglobulin levels often show abnormal elevation,
and serum testing indicates the presence of a variety of
non-specific colon antibodies, suggesting that the
accumulation of immune complexes may be one of the
key factors promoting local pathological changes in this
disease[1]. Studies have reported that the incidence rate
of people with a family history of UC is higher than that
of the general population, indicating the role of genetic

factors in the pathogenesis of UC[2]. For the clinical
management of UC, comprehensive schemes including
nutritional support, psychological counseling, drug
treatment and surgery are usually adopted to ensure that
patients receive the most appropriate treatment[3-4].
Bifidobacterium capsules can effectively improve the
condition of UC by precisely regulating the intestinal
microecology, strengthening the natural defense
mechanism of the intestine and inhibiting excessive
immune response[5]. High-intensity interval training
(HIIT), through the alternating arrangement of
high-intensity and low-intensity activities, achieves
comprehensive stimulation of the body, and helps to
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improve the serum pro-inflammatory factor indexes and
immune function indexes of patients[6]. At present, there
are many studies on the sole application of these two
treatment methods in UC[7], but there are limited reports
on the treatment of UC with HIIT combined with
Bifidobacterium capsules. Based on this, this study
explored the efficacy of HIIT combined with
Bifidobacterium capsules plus 5-aminosalicylic acid in
the treatment of UC and its effect on immune function, in
order to provide reference for the clinical diagnosis and
treatment of this disease. The report is as follows.

1 Materials and Methods

1.1 General Information

A retrospective study method was adopted. A total
of 80 patients with mild to moderate active UC admitted
to Suqian Hospital of Jiangsu Provincial People's
Hospital from March 2022 to March 2024 were selected
as the research subjects. All patients received standard
treatment based on 5-aminosalicylic acid preparations. On
this basis, 40 patients treated with Bifidobacterium
capsules were included in the control group, and 40
patients  treated with HIT  combined  with
Bifidobacterium  capsules were included in the
combination group. There was no statistically significant
difference in general information between the two groups
(P>0.05), as shown in Table 1. This study was reviewed
and approved by the Medical Ethics Committee of
Jiangsu Province (Suqian) Hospital (Ethics Review No.:
2024-SL-0100).

Tab.1 Comparison of basic data between the two groups of patients (n=40)

Gender (case)

Disease course UC severity (case)

Groups Age (years, xs) Female Male (years, xts) Mild Moderate
Combination Group 46.31+4.64 19 3.38+0.35 21 19
Control Group 46.28+4.63 21 3.31+0.34 23 17
t/x? value 0.029 0.200 0.907 0.202

P value 0.977 0.655 0.367 0.653

1.2 Inclusion and Exclusion Criteria

Inclusion criteria: (1) Meet the diagnostic criteria
for UC [8], with the disease in mild to moderate active
stage; (2) Aged between 18 and 60 years old; (3) Patients
and their family members signed the informed consent
form. Exclusion criteria: (1) Patients allergic to live
Bifidobacterium capsules; (2) Patients with other
infectious colitis, such as schistosomiasis, intestinal
tuberculosis, etc.; (3) Intestinal complications caused by
radiotherapy for malignant tumors in the pelvis,
abdominal cavity, and retroperitoneum; (4) Incomplete
clinical data of patients; (5) Patients who used probiotic
preparations within the past 3 months.

1.3 Treatment Methods

Both groups of patients received basic medical
intervention, including increasing nutrition and protein
intake, providing sufficient rest time, taking measures to
maintain  electrolyte balance in the body, and
administration of 5-aminosalicylic acid preparation: oral
Mesalazine ~ Sustained-release  Granules  (Shanghai
Ethypharm Pharmaceutical Co., Ltd., National Medicine
Approval No. H20143164, specification: 0.5 g/bag), 2
bags each time, 4 times a day. The treatment lasted for 1
month continuously.

The control group was treated with Live
Bifidobacterium Capsules (Livzon Group Livzon
Pharmaceutical Factory, National Medicine Approval No.
S10960040, 035 g x 10 capsules/box), orally
administered after meals, 2 capsules each time, once in
the morning and once in the evening. The treatment lasted
for 1 month continuously.

The combination group received the same Live
Bifidobacterium Capsules treatment as the control group,
combined with HIIT at the same time. All HIIT sessions
were guided by the same trained physician team, and a
high-intensity cycling interval training program 3 times a
week was added. This high-intensity interval training
program was divided into three parts: warm-up activation,
high-intensity execution, and cool-down recovery. The
duration of the first and third parts was set at 5-10 min to
ensure the comprehensiveness and effectiveness of the
training. In the initial 2 weeks, the training content was
set as full-power cycling at 90% of individual maximum
oxygen consumption (VOamax) for 30 s, followed by 1
min of complete relaxation. This sequence was repeated 4
times as a training unit, and a total of 3 units were
required, with a 4 min buffer time between each unit. In
the following 2 weeks, the program entered the
intensification stage: the cycling intensity was adjusted to
80% VO2max, the duration was adjusted to 1 min, followed
by 1 min of recovery time. This sequence was repeated 4
times to complete one unit, and a total of 5 units were
performed, with the rest time between units reduced to 2
min to promote higher-intensity adaptive training. After
the exercise, a 5-10 min easy walk was performed to help
the heart rate gradually return to normal. The intervention
lasted for 1 month. In the actual training, all patients in
the combination group completed the entire intervention
program, and no one withdrew due to intolerance or other
reasons.

1.4 Observation Indicators

The changes of related indicators in the two groups
were compared before and after treatment.
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1.4.1 Clinical Efficacy

Colonoscopy was performed before and after
treatment to evaluate mucosal healing. The scoring
criteria were as follows: 0 point for normal mucosa; 1
point for erythema, vanished vascular texture, indicating
mild lesions; 2 points for obvious erythema and erosion,
indicating moderate lesions; 3 points for spontancous
bleeding and ulcers, indicating severe lesions[8]. After
treatment, the efficacy was classified as follows.
Markedly effective: Symptoms disappeared, colonoscopy
showed no active lesions and normal mucosa; Effective:
Symptoms were significantly or mostly relieved,
colonoscopy showed vanished erythema and vascular
texture, and intestinal mucosal inflammation was
improved; Ineffective: The patient's condition did not
meet the above criteria. The total effective rate was
calculated as: total effective rate = (number of cases with
markedly effective + effective) / total number of cases x
100%.

1.4.2 Immune Function

Before and after treatment, the composition of T
lymphocyte subsets in the two groups was compared
using a FACS Cantoll flow cytometer, including the
changes in the counts of CD3*, CD4" and CD8" cells, as
well as the adjustment of the CD4*/CD8" ratio.

1.4.3 Fecal Intestinal Flora Levels

Before and after treatment, the composition of
intestinal flora of the two groups was compared. A 10 g
fecal sample was collected from each patient and sent to
the pathology laboratory. Escherichia coli were cultured
in an aerobic incubator at room temperature for 48 h,
while anaerobic Bifidobacterium and Lactobacillus were
cultured in an anaerobic incubator at room temperature
for 24 h. The total number of colonies per gram of sample
was counted and recorded, and the result was expressed
as log colony forming units per gram (Ig CFU/g).

144 Levels of Intestinal
Function-related Indicators

Before and after treatment, fasting venous blood was
collected from patients, and the serum concentration of
diamine oxidase (DAQO) was measured by enzyme-linked
immunosorbent assay (ELISA). After collecting
peripheral blood, perchloric acid was added and mixed
evenly, the supernatant was obtained by centrifugation
and stored, and the D-lactic acid level was detected by
p-hydroxybiphenyl colorimetry.

Mucosal Barrier

1.4.5 Inflammatory Factor Levels

Before and after treatment, fasting venous blood was
collected from patients, and serum was separated after
centrifugation. The levels of interleukin (IL)-1f, tumor
necrosis factor-o (TNF-a) and IL-8 were measured by
ELISA.

1.4.6 Adverse Reactions
The occurrence of adverse reactions in the two
groups during treatment was observed and recorded.

1.5 Statistical Methods

SPSS 25.0 software was used for data analysis.
Count data were expressed as cases (%), and analyzed by
x° test and corrected y° test. Measurement data
conforming to normal distribution were expressed as X =s,
and analyzed by independent samples t-test. A P value <

0.05 was considered statistically significant.

2 Results

2.1 Comparison of Clinical Efficacy Between the
Two Groups

After 1 month of treatment, the total effective rate of
the combination group was 97.50%, which was higher
than 80.00% of the control group (P < 0.05), as shown in
Table 2.

Tab.2 Comparison of mucosal healing scores and clinical
efficacy between the two groups of patients [#=40, case (%)]

Markedly . . Total
Group Effective Effective Ineffective Effective
Combination

30 (75.00 9 (22.50 1(2.50 39 (97.50
reat (75.000  9(22.50) (2:50) (97.50)
Control

24 (60.00) 8 (20.00) 8(20.00) 32 (80.00)
group
x° value 4.507
P value 0.034

2.2 Comparison of Changes in T Lymphocyte
Subsets Between the Two Groups

After treatment, the levels of CD4', CD3* and
CD4*/CD8" ratio increased, while the CD8+ level
decreased in both groups, and the changes in the
combination group were more significant than those in
the control group (P < 0.05), as shown in Table 3.

2.3 Comparison of Fecal Intestinal Flora Levels
Between the Two Groups

After treatment, the colony count of Escherichia coli
decreased in both groups, and the count in the
combination group was lower than that in the control
group (P < 0.05); the colony counts of Lactobacillus and
Bifidobacterium increased in both groups, and the counts
in the combination group were higher than those in the
control group (P < 0.05), as shown in Table 4.

2.4 Comparison of Intestinal Mucosal Barrier
Function-Related Index Levels Between the Two
Groups of Patients

After treatment, the levels of DAO and D-lactic acid
in both groups decreased, and the levels in the
combination group were lower than those in the control
group (P < 0.05), as shown in Table 5.
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2.5 Comparison of Inflammatory Factor Levels
Between the Two Groups of Patients

After treatment, the levels of interleukin-18 (IL-1B),
tumor necrosis factor-o (TNF-a), and interleukin-8 (IL-8)
in both groups of patients decreased, and the levels in the
combination group were lower than those in the control
group (P <0.05), as shown in Table 6.

2.6 Comparison of Total Adverse Reactions Between
the Two Groups of Patients

During the treatment period, 1 case of rash, 2 cases
of diarrhea, and 1 case of vomiting occurred in the
combination group; 2 cases of rash and 1 case of diarrhea
occurred in the control group. There was no statistically
significant difference in the total incidence of adverse
reactions between the combination group and the control
group (10.00% vs 7.50%, P > 0.05).

Tab.3 Comparison of changes of T lymphocyte subsets between two groups before and after treatment (n=40, X +5)

CD4* (%) CD3* (%) CD8* (%) CD4'/CD8*
Group
Pre-treatment Post-treatment Pre-treatment Post-treatment Pre-treatment Post-treatment Pre-treatment Post-treatment
;‘:)':::'“a"““ 33354337 43.56+4.39° 62.6946.27 69.8347.12°  30.6943.11  26.012.64°  1.09+0.17 1.67+0.24°
Control
group 33.24+3.39 37.13+3.75% 62.74+6.30 65.04+6.66 30.81£3.09 27.97+2.86" 1.08+0.16 1.33+0.22¢
t value 0.146 7.044 0.036 3.107 0.173 3.185 0.271 6.605
P value 0.885 <<0.001 0.972 0.003 0.863 0.002 0.787 <<0.001
Note: compared with the pre-treatment level in the same group, *P < 0.05.
Tab.4 Comparison of gut microbiota levels between two groups of patients (n=40, 1gCFU/g,x +5)
Escherichia coli Lactobacillus Bifidobacterium
Group
Pre-treatment Post-treatment Pre-treatment Post-treatment Pre-treatment Post-treatment
Combination group 12.16+1.36 7.43+0.79* 4.1340.45 8.81+0.94° 8.10+0.86 10.10£1.142
Control group 12.09+1.34 8.89+0.92° 4.20+0.49 7.47+0.80° 8.05+0.82 8.84+0.96°
t value 0.232 7.615 0.665 6.866 0.266 5.347
P value 0.817 <<0.001 0.508 <<0.001 0.791 <<0.001

Note: compared with the pre-treatment level in the same group, *P < 0.05.

Tab. 5 Comparison of indexes related to intestinal mucosal barrier function between two groups of patients before and after treatment

(n=40, X £5)
Group DAO (U/L) D-lactic acid (mg/L)
Pre-treatment Post-treatment Pre-treatment Post-treatment
Combination group 3.44+0.35 1.47+0.16* 38.76+4.03 28.24+2.97*
Control group 3.52+0.37 2.12+0.24* 38.84+4.08 33.18+3.36*°
t value 0.993 14.252 0.088 6.967
P value 0.324 <<0.001 0.930 <0.001
Note: compared with the pre-treatment level in the same group, *P < 0.05.
Tab. 6 Comparison of inflammatory factor levels between two groups of patients (n=40, X +s)
IL-1B(ng/L) TNF-a(ng/L) IL-8 (ng/L)

Group

Pre-treatment Post-treatment

Pre-treatment

Post-treatment Pre-treatment Post-treatment

Combination group 57.10+£5.81 31.23+3.14*
Control group 56.99+5.73 37.16£3.75°
t value 0.085 7.668

P value 0.932 <0.001

37.134£3.72 9.84+1.03° 77.13£7.76 55.12+5.53¢

37.22+3.73 15.46+1.57° 77.18+7.78 59.87+6.05°
0.108 18.929 0.029 3.665
0.914 <0.001 0.977 <0.001

Note: compared with the pre-treatment level in the same group, *P < 0.05.

3 Discussion

UC is characterized by chronic progression and
recurrent episodes. Some patients are prone to developing
dependence on hormonal drugs, which increases the
complexity of treatment[9-10].  Although drug
monotherapy can temporarily relieve symptoms,

long-term administration may be accompanied by
significant adverse reactions and decreased body
tolerance, a problem that is particularly prominent in the
elderly patient population[11]. Given the complexity of
UC, scientific treatment and management systems should
be followed to effectively alleviate symptoms and reduce
disease risks[12].
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Bifidobacterium regulates the pH of the intestinal
environment through its unique metabolic activities, such
as the production of acetic acid and lactic acid, effectively
resisting the invasion of harmful microorganisms, and
improving and  consolidating the intestinal
microecological balance[13]. Although HIIT cannot
directly intervene in the pathological process of UC, it
can comprehensively improve physical fitness and
enhance immune response[l14]. Prolonged excessive
strenuous exercise may damage gastrointestinal function,
while long-term low-intensity aerobic exercise can
improve gastrointestinal function. Studies have indicated
that HIIT therapy contributes to the rehabilitation of
patients with UC in the remission stage, with more
significant therapeutic effects[15].

The results of this study show that the therapeutic
efficacy of the combination group is superior to that of
the control group, indicating that the combination of HIIT
and Bifidobacterium capsules has advantages in the
treatment of UC. In the pathological environment of UC,
the CD4" cell population is significantly affected, while
CD8" cells, as a class of T cells with inhibitory functions,
are essential for the precise regulation of immune
responses[16]. Changes in the total number of T
lymphocytes are often accompanied by corresponding
adjustments in the number of CD3" cells, which is a key
window for monitoring the dynamic changes of T cell
immune function[17]. The CD47/CD8" ratio is an
important indicator of the internal balance of the T
lymphocyte population. Under the abnormal immune
state of UC patients, this balance is often disrupted,
leading to a shift in the ratio[18]. After treatment in this
study, the levels of CD4", CD3*, and CD4"/CD8" ratio in
the combination group were higher than those in the
control group, while the CD8" level was lower than that
in the control group, indicating that the combination of
HIT and Bifidobacterium capsules can effectively
improve the immune function of UC patients. The
possible reason for this is that the combination of HIIT
and Bifidobacterium capsules can optimize the intestinal
environment, promote the proliferation and functional
activation of CD4" helper T cells and CD3" labeled T
lymphocytes through immune stimulation, laying a
foundation for enhancing the ability of the immune
system to counteract the pathological mechanism of UC.

In the intestinal microecological environment of UC
patients, the colonization pattern of Escherichia coli often
undergoes abnormal adjustment[19-20]. Under the
pathological background of UC, the population dynamics
of Lactobacillus may be adversely affected, leading to a
decrease in its quantity and activity, which further affects
the stable colonization of Lactobacillus in the intestinal
tract[21]. Bifidobacterium, as a beneficial flora in the
intestinal microecology, is essential for maintaining
intestinal homeostasis[22]. In this study, after treatment,
the number of Escherichia coli decreased in both groups,
while the number of Lactobacillus and Bifidobacterium
increased. The decrease in Escherichia coli and the
increase in Lactobacillus and Bifidobacterium were more
significant in the combination group. The possible

reasons are that HIIT can promote intestinal peristalsis
and blood circulation, and Bifidobacterium viable
capsules supplement beneficial flora and inhibit the
growth of harmful bacteria. The two complement each
other and jointly promote the development of intestinal
flora towards a more balanced state.

Inflammatory injury of the intestinal mucosa in UC
patients may disrupt the normal function of DAO, leading
to its massive overflow from cells and causing an
abnormal increase in serum DAO levels[23]. Due to the
inflammatory reaction and increased permeability of the
intestinal mucosa, this balance 1is disrupted, and
metabolites such as D-lactic acid are more likely to enter
the blood circulation, leading to an increase in the
concentration of D-lactic acid in the serum[24]. In this
study, the levels of DAO and D-lactic acid decreased in
both groups, and were lower in the combination group
than in the control group, indicating that the combination
of HIIT and Bifidobacterium capsules can effectively
improve the intestinal mucosal function of patients. The
possible reason is that HIIT exercise and Bifidobacterium
capsules, as two methods to enhance intestinal mucosal
health and promote efficient nutrient absorption, work
together to strengthen physical fitness, improve immunity,
and promote the recovery of UC symptoms.

The excessive activity of pro-inflammatory
cytokines such as IL-1p, TNF-a, and IL-8 is a marker of
aggravated inflammation[25]. The results of this study
show that the levels of IL-1B, TNF-0, and IL-8 in the
combination group were lower than those in the control
group, indicating that the combination of HIIT and
Bifidobacterium  capsules can help reduce the
inflammatory response in patients. The possible reason is
that HIIT effectively inhibits the inflammatory response
in the body, and Bifidobacterium improves the intestinal
barrier and immunity. The synergy between the two helps
to reduce inflammation. There was no significant
difference in adverse reactions between the two groups,
indicating that the combined regimen does not increase
the treatment risk and has good safety.

In conclusion, the combination of HIIT and
Bifidobacterium capsules can effectively improve the
immunity of patients, optimize the balance of intestinal
flora and intestinal mucosal function, reduce the
inflammatory response of UC, and enhance the
therapeutic effect of UC. However, this study still has
certain limitations. The small sample size may lead to
bias in the results. In the follow-up, the sample size will
be expanded to further study its mechanism of action in
depth.
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FEE: BR S0TE R a8k iE sh (HIT) BOBUECFF R T IR ZERE G 5- 23K in 7 st 45 9 (UC) 1Y
ST, KO DhBE il st A BB RE R JRE I FAO5E . Ak Tl BiPEE IR 2022 4F 3 H % 202443 H
YL N RS B i EE B HSCIE 1 80 1A% . P BE 3% Sl UC SR MRS X 42, 94852 L 5- 88 F 7K A TR il 771 g ik
RARIETATT , A2 DL LR R FHOBUEL FF B 1 TR S 3235 97 119 40 81 Jhy et B2, SR I HINT 645 RO AT P I B I 2806
IFI A0 BN A AL, AR SIRIT 1 H o TIRIT TG AT 45 A B A IR S G 00, LA g AR 3
BRI TR E LT I EL A A 3l B B BRI e b [ e A AR (DAO) (D-FLR | A K R AE K[ 4n
MIA 2 (IL) - 18 I R FE I+ (TNF) - IL-8 7K P &R W67 LD H G, A 4L A ROR = 5 gl
(97.50% vs 80.00%, x’=4.507,P=0.034) ; Wi 41 F8 4 FE (5 A FF 1 A 75 41 M I CD8* L il DAO \D-FLR \IL-1B .
TNF-o IL-8 /K34 HIBI PRI , CD4* . CD3* . CD4*/CD8"  WUB FT T\ FLAT H T 5 B L3R T 7P RIS N (P<0.05) , H.
WA AT R IR (P<0.05) . Z518 78 5-ZHK B RRARMETRTT BRI 1, HIIT HEA BUBFT B B I 2 g
SCPE R TE URR RN TE R BCE A RISU B8 R SE RV, B SR M3 UC AT Ko

KRR FORELIN IS 2 DU AT RRATE TR, s FEAL G S lng s ARG RAER T
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Efficacy of high-intensity interval training and live Bifidobacterium capsules

combined with S-aminosalicylic acid in treating ulcerative colitis
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Abstract: Objective To investigate the efficacy of high-intensity interval training (HIIT) and live Bifidobacterium
capsules combined with 5-aminosalicylic acid in the treatment of ulcerative colitis (UC) , and its impact on immune
function, intestinal flora, intestinal mucosal function and inflammatory factors. Methods A total of 80 patients with
mild to moderate active UC who were admitted to Jiangsu Province (Suqian) Hospital from March 2022 to March
2024 were retrospectively enrolled as the research subjects. All patients received standard treatment based on 5 -
aminosalicylic acid preparations. On this basis, 40 patients treated with live Bifidobacterium capsules were assigned to
the control group, and 40 patients treated with HIIT combined with live Bifidobacterium capsules were assigned to the
combination group. Both groups were treated continuously for one month, with colonoscopy performed before and after
treatment to evaluate mucosal healing. The curative effect, as well as the levels of peripheral blood T lymphocyte
subsets, intestinal flora, intestinal mucosal function indicators [diamine oxidase (DAO) , D - lactic acid] and
inflammatory factors [interleukin (IL)- 1@, tumor necrosis factor (TNF)-a, IL-8] of the two groups were compared.

Results After one month of treatment, the overall effective rate of the combination group was higher than that of the
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control group (97.50% vs 80.00% , x’=4.507, P=0.034). In hoth groups, the patients’ fecal Escherichia coli colony
counts, peripheral blood CD8", serum DAO, D-lactic acid, IL-1B, TNF-a, and IL-8 levels decreased compared to
before treatment, while CD4", CD3*, CD4"/CD8", and Bifidobacterium and Lactobacillus colony counts increased
compared to before treatment (P<0.05) , and all indicators in the combination group were better than those in the
control group (P<0.05). Conclusion Based on standard treatment with 5-aminosalicylic acid, combining HIIT with
live Bifidobacterium capsules can effectively enhance patients > immune function, optimize intestinal microbiota,
improve intestinal mucosal function, reduce UC inflammatory response, and significantly increase the efficacy of UC
treatment.

Keywords: High - intensity interval training; Live Bifidobacterium capsule; Mucosal healing; Immune function;

Intestinal mucosal function; Inflammatory factor
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Bz tELE 798 (ulcerative colitis, UC) & —Fp g1k
e S 45 B AAE , 5 SR LTI ZE AL 5% B
PE AR M A R E R R A G, Hh 4
PEBREE KPS T, I3 G D S 7R A7 7
ZREAER R SRS YUK, WoR e B SRR ]
REJE I HE A Jmy TR B AR AL i G R 2 — 1 A
FEARIE , BAT UC Z L Ko R e T8 A, 3%
T SRAL N R AE UC S T o il REEXT UC,
W LLE IR SRR OB T IR T BONRE TR SR
GG R AR B AR Bl A IR T Y . UL
T T 1% AT 5 0 3 o o A 4 1 T 2 2 SR Ak I
H AR B A BIL AR LA S A st B i S e 0 2% A B T
R UCHHTE ™ o i B (8] 812 31 (high-intensity
interval training, HIIT) i jo 75 5 B 5K B8 36 s 1)
SRR ST B A B A TR, A BT GE R
MG PR P FHabn f e e D agdade o HATX M
FhyayT BN T UC RS Z (A HUT R
SUBCFF BRI TR ZETRYT UC IAH DGR B AR, 25T ikt
ABIFFEIRSE HIT KOSUSAT TR 16 B BRI 5 5- 24 3K
MBRIRIT UC HITTR, RO e DI RE RS2 , LA R
Wl ARSI IS HGEIN T .

| AR

L1 —# A SR BB 5 2, BB
N BB Befe 1 B B 2022 4F- 3 J %8 2024 4F- 3 IR 1Y
8OMil% BTG S UC - ST 4, Y32 L 5-
R IR R 70 Ry S i bR IR T, 7 A 1R
FHOSUISE T B 176 TR S 3236 7 14 40 51 R % B4, SR
HIIT B4 BUBLFT B 175 T8 S FE V6T 1Y 40 151 k5 4.
PIZH— ekt 22 e ge it 2 L (P>0.05) . WL 1,
ARWFFEARTLIRE N BB B 1 1T B2 Be B2 AR PRS2
HARZAHE (18 5 :2024-SL-0100) .

R HAUEHEEGORHLE.  (n=40)

Tab.1 Comparison of general data between two groups  (n=40)

15 A P (1) sk UC TR ()
(% ,x+s) 4 9 (4F,xxs)  dgpy dhp

A4l 46.31+4.64 19 21 3.38+0.35 21 19

XHRZL 46.28+4.63 21 19 3.31+0.34 23 17

P E 0.029 0.200 0.907 0.202

PAE 0.977 0.655 0.367 0.653

12 AL HEkizE  PANRME: (1) 55 UCHE2
WrbndfE'™ , FARTE AL T4 BT S ; (2) FE A
18~60 % ; (3) fE M FIEEEFEMERE . HEbRAR
< (1) XSUEAT G B e e 850 5 (2) SR A HiAll
JERAEZE I, Qi O a5 (3) U4
TRIT A R R I Wk PR B R ) B O &
9iE 5 (4) AT I RBORHERSS 5 (5) 3 34 H WAd 25 4
EiEiEAe

1.3 &7 ik WIdLBE 2 SR YT T, B
RS R AR 1 I8 IR S A R A, SR 7 2 i IR
SRS, SR ECHS il 4 1A PN RS VA 2T S-Sk
TG < 171 B 55 Vb r 28 28 g JURL (L1 5 114 22 1l
A BRN W, 25 UE T H20143164, KIS 1 0.5 o/4%)
248K, AWUd, ESERFAH .

Xof 2 SR R RS AT A 1 T o 28 R A AT i B
24, FE 251 S10960040,0.35 gx 10K/ HTIATT
B TR, 2K, R8s 1R 21 A

106 20 2 22 5 0T FE A R[] 1 UL T 1R 30 T G
FYRYT , AT ECA HIIT o HITT 25 i 285k 175311 B ] —
2 Uil AT BAHEA 748 5, AR 3 U I R e B 4 [
ARYINZR ), 32 5 o B ] BRI 25 5 28 40 M T 48 0
T TR AT R A R B = R A, A — N =
BB B I 15 E 7E 5~10 min, DLAA AR I 25 1 4 1 P
A whn 2 8, IR A3 8 8 A AR
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‘A FE # (maximum oxygen consumption, VO,max) 10}
90%4= J185 % 30 s, BlFF HEAT 1 min (958 400 , 1%)7
SNG4 UANE N —dH NG, W el =4,
[ETAT 4 min PIZERES ], 322 TRy 2 R ATRIERT L
P AR IR A 80% VOomax, FREENAIEAL 2 1 min , Ff
Jei 2 1 min AOPRA ], B 4 ke —4, Lk T R
YN, BLALR A PR BB R AR IR 25 2 min, DA SE S 5
SR IS I 7E38 sh 25 RS , EAT 5~10 min 1)
BT, B BRI E IE R . THLAH . 5
PRl b, 106G 20 R 1 58 AR T 107 28, AR R
PRIAN T 22 8 Al LR 2

L4 BRRISAR  WEEIRIT LA H TP R0 45 1 &
K EiEt e

L4l WRITRL  TIRIT R AT 4 Bk 4, 3
fEEERRE A A1 0L, 048, IEH N5 1 43, 205 LM 45° 4L
VSR RN AR 52 47, BH L ATBE BERS P B AR
34, AR L 5, AR . IRITE BT
ARG, 25 W Ba ke A 25 R JC IR sh ke A4, Zh I IE
Sy S A5 BB R AS B B S % A R IR A S L 4
1% 55 VA 0 s ZL5E | I AE S0 B % M 8 B 8 i AR
BUAT P U A 38 BB IR RE & LR PP Al b
HEL U R IERL Y s AR = (R R0+ 880 B S5 1)
$rx100% .

142 HPETIGE IR HTE , FIH FACS Canto I 3
Y HLASONT 5 ZH T 96k 5 200 B 7 A4 Ik, 045 CD3"
CD4" .CD8" 4t il iy i A2 4k, A S CD4"/CD8" LU AE 1Y
PEEERE L

143 ZFEMEHIEERAKY JRIFHE R P2 S
B E R L, SRR RO 10 g FREREA, $2
2 RIHF IR BT A A E SR SR T 37 ok
PF R RE5F 48 b, BRA A K A SUBE T B8 -5 7L AT 1

SRR J8 25 S DK L , 3 TR 2 M e 36 0
175 T — e 8 AL i (diamine oxidase , DAO) B ; %
P AN S A R SRR IR G 5]l B0
BRI I WA, Z 5 TR B L
ARKE D-FLIR K-

145 RIEW TR TIRI7H USRS BOIRES
AR K I, 0 S ALY L P TR Ay A o 1K
B 5 1 40 Z (interleukin, IL) - 13 i3 SR 481X
F-a(tumor necrosis factor-o, TNF-o0 ) M 11-8 7KF- o
146 ARRN  WEFIC WA B E IR EIA
RSB AEEBL

15 it F gk R SPSS 25.0 FA: 43 b At
THECFORE L] (% ) 2715, 2R FH A 36 VR TE x4 65
FEA IEZS AR AT ORI waes 2, SR ST FEAR
hs . P<0.05 N ZERA G o

2 & R

21 mABFGESTROLE WITINMAE B
2H A B R 97.50% , = T R ZH 19 80.00% (P<
0.05)., W2,

22 WABFTHEMWEHETRE RITE,
PIZH Y CD4" .CD3" .CD4*/CD8 1 175 , CD8 F&AK , Bk &
ZH X BRZH T (P<0.05) . L3R 3,

23 WABRLEEEMAERAKFRRE HITE.W
2 55 T T TR TR T BRI, IR LI T X R AL (P<
0.05) 5 P ZH FLAT T SUBL AT T8 B 7 B0 BB i
THFHRA (P<0.05), W4,

R2 MABFEIGRTELE [n=40, #1(%) ]
Tab.2 Comparison of clinical efficacy between the two groups

[n=40, case(%) ]

of patients

2151 WAL EEEd TR BAER
FRAEFRA P, T 37 CRIFFRF 24 L EIIFE mam 3005000 922500 12500 39(97.50)
SRR SEREAS N B A TV BB R DI ERTVE TE AL xiim4t 24(60.00)  8(2000)  8(2000)  32(80.00)
$1ﬁ(colony forming units, CFU )/}'E(lg CFU/g)%:zi?o X1H 4.507
44 TABBRBOIREAOAT AR, P 0034
£33 WALBRFIEITHUG TIRO ML LA (n=40, x=s)
Tab.3 Comparison of changes of T lymphocyte subsets between two groups before and after treatment  (n=40, x=s)

- CD4"(%) CD3(%) CD8 (%) CD4'/CD8

TRYTHT T TRITHT HITE IRITHT T TRITHT TR
Behdl 33.35+3.37 43.56+4.39* 62.69+6.27 69.83+7.12* 30.69+3.11 26.01+2.64* 1.09+0.17 1.67+£0.24*
POgiEE:) 33.24+3.39 37.13£3.75° 62.74+6.30 65.04+6.66" 30.81+3.09 27.97+2.86" 1.08+0.16 1.33+0.22*
tfl 0.146 7.044 0.036 3.107 0.173 3.185 0.271 6.605
P 0.885 <0.001 0.972 0.003 0.863 0.002 0.787 <0.001

S5 RAAYT T AL, P<0.05,
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Fza MABAWHERERROKEE (n=40, 1gCFU/g, x+s)
Tab.4 Comparison of gut microbiota levels between two groups  (n=40, lgCFU/g, x+s)

1l Ikt FUHFE WUBFF I

) YT bRl TR A YT ra
A4 12.16+1.36 7.43+0.79" 4.13+0.45 8.81+0.94" 8.10+0.86 10.10+1.14

X HEZH 12.09+1.34 8.89+0.92" 4.20+0.49 7.47+0.80" 8.05+0.82 8.84+0.96"
i 0.232 7.615 0.665 6.866 0.266 5.347

PH 0.817 <0.001 0.508 <0.001 0.791 <0.001

T 5 RAAYT T, P<0.05,
2.4 WAERFZMHEIELED AR AR TR R
7 )5, P4 DAO \D-FLIR /K-35 I B, 156 41 o0t iR
HHPAR(P<0.05), WS,

RS WLLRE BTG BB B2 REAH S H AR K F
FLEE (n=40, xss)
Tab.5 Comparison of indexes related to intestinal mucosal
barrier function between two groups before and after treatment

25 WmARHE KERTAKFE RITE, AR (n=40, xs)
FIL-18 TNF-o IL-8 K P I WA IR S 4LBT IRAL gy DAO(UL) DA (me/L)
TRYTTT RIT A VRYTHI NEvig)
<0.05). WLF6,
EAR(P<0.05) J “;”'%‘6 o o BEAU 3445035  147+0.16°  38.76x4.03  28.24x2.97°
2.6 FAEAHEARRRRLE YT, BA 4 XTBRZE 3524037 2.12#0.24"  38.84x4.08  33.18+3.36"
WEL B2 2 GG TS, L IRt s X RRAE s I 2 0 F. oq 0.993 14.252 0.088 6.967
1 BIIEYS . BRG A AN AN R RN S kA% Pl 0.324 <0.001 0.930 <0.001
52 RICHE 75 L (10.00% vs 7.50%, P>0.05). i SFARITHILLR, ' P<0.05,
F6 MALBERIERTAFELE  (n=40, xts)

Tab.6  Comparison of inflammatory factor levels between two groups (n=40, x+s)
. IL-1B(ng/L) TNF-a(ng/L) 1L-8(ng/L.)
- TRITHT BRI IR TRITHT AT IA TR AT E
| 57.10+5.81 31.23+3.14° 37.13£3.72 9.841.03* 77.13+7.76 55.12+5.53"
bagiitil 56.99+5.73 37.16+3.75° 37.22+3.73 15.46+1.57 77.18+7.78 59.87+6.05"
ofti 0.085 7.668 0.108 18.929 0.029 3.665
Pl 0.932 <0.001 0.914 <0.001 0977 <0.001

T SR4URT 7RI, *P<0.05.
AWEFE SR, BE G AT AL TR R, R

3 3t

UC HA MM IE R RAVERIER R A S
X R I AR, SR T A B
WREELGYIRYT , BT B G A IR, (ELR Y1 ek T
P S 2 AN RO AT 521 R R 1, 76
EBRE BRI, ST UC BB FeE N
TERLARAIT SEHIR R, IA RUEfR , FFRsR
S AU

UL T B 38 ok L R A 1S 2, = 2 s
FFLIER , R 875 38 A 58 (0 R B, A SR 5
T W 1R 28, Bt O T T 0 Il A S A
HIIT iz 3 J5 =X R 8 5 4% T 9 UC Ay B 72, 5
A AT B TR B R F T B R e Y KR
o R B2 sh S B B i T Re , KO ER A
iz 3 AT L3 W TE D) RE , B 98 48 H HIT 97 %
A B T2 UC B8 YRR, HINT 36 97 R4 550
LTE

HIIT 5 BUEFF B 15 T8 IS4 5K 536097 UC BA L.
TE UC H9958 BEIR S b, CD4 20 L REAR 32 3] i 25 50
1M CD8 4L, /12— S B A I DI REAY T 402, % T
e AR G e SOy Z G EE 2 T bk O A L Y
ARAEAT R CD3 4 B AR A, 2 Wl T
YA SR DI RE S AL OCHERT 1117, CD4'/CDS’
{ELAE R T bk L2 400 REL A A PR 1A 1) T 2248 4 , 76 UC
BE MR RHARET X — P T, 3
FofE & A #% . ARSI YT I BG 41 CD4 ™ |
CD3".CD4"/CD8" 15 T Xt HEZH , CD8IE T fiH , #HH
HIIT 5 0B FT T 17 T IS S 356 5 ] A /08 vy UC B
GRETIRE . AT IR R BE A T B A WU AT TR 1 B
JE 3% AT LA 38 A o S R T, A2 CD4”
B T 40 i AT CD3 FRic T bk B2 41 A 3 4 5 Th i
AL, R R S RGBT UC i BRI 9 BE 255
Seht . UC A M B A S IREE T B 1 TE i
B kA S R FEUCHWEE 5 R,
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FLAT AN Sh A FT RESZ BRI 52 M, S BOH B
TR PR S , 2T R e 2L R R G O AR
FEAE Y o OBUBERF RIAE Ry W 38 A S T B 4R R
X FRR I ERRAAECEE™ AR R,
PR 2 o A TR B E 8/, FLFT R OB AT TR 55 i 2 3
T, G 20 B AT B 00 T B LT B RIOBUB AT 781 - T
AR AR S A 3, 430 SR T RE S HIOT A £ i3 i
TE R BN 5 MR AT PR 5 USRI T P e b 78 A 4 T
FE A A TR AR AR o T R R G, e (] 44 2
W T DR 1] SIS 0 7 ) A . UC BB T TE R
() 4 EPE R T BEHLEL DAO [ IE # Thfig , S8
20 i N R Y Y A2 IV DAO KPS TR R
P T 7 30 0 5 %) 4 AE s I Rl 37 P B i, 3 — - £l
AT, D-FLIR A ) 25 5y i A LG 26
SEUME T D-FLRR PR EE E Y ARG, P
21 DAO . D-FL R /K - H B AR, H B A 4R T X R
4, & W] HITT B¢ A5 XUEL FF TR 17 A1 e 9% v A 3k o
BE R DIBE , 4B J5L R AT fE A HINT 8 5 XL
AT T TG TR A Sy T 5 5 i T 2 Ak B L i
EFR RO vk 2L AR AT R A A BT, ST e
ETT AR UCHRIE R o 1L-1B . TNF-« \ IL-8 S5 42
R 13 BETE B, 2 AR IR AR, AR
5T BN A 2H TL-1B \TNF-ou  IL-8 7K K T IR
20, SR W HIIT BR G BB AT T8 175 7 i 4 AT | T~ R AIG
R R N R E R, 43 AT J R AT fE R HILT A7 35041
LA PN B 9 N, RUEE T A 43 T 3 5 B 5 A
B, ZH MR A B TR R AE . WAL RO TG
WY 22 5, RWTIE A 7 SRR hia 7 KUK | 22 41k
Rif.

25 L PTIR  HINT B BB AT B 15 A e 28 1T A3 3%
PETE R e E T, A A R R %) ST Ak R i 2
e, R UC I SRAE S , B3 UC IRIF R, |
ARG WA — BRI  FEAC B/ B R ]
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