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The impact of compound probiotics supplementation on gut
microbiota structure, short-chain fatty acids profile, and
inflammatory cytokine levels in Chinese wrestlers
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Abstract: [Objective] To observe the effects of supplementing compound probiotics on the
structure of gut microbiota, content of short-chain fatty acids (SCFAs), and levels of
inflammatory cytokines in Chinese wrestlers. [Methods] Eighteen non-sports undergraduates
from Shandong Sport University were recruited as a control group, while 30 Chinese wrestlers
served as the experimental group. Both groups received oral compound probiotics for 8 weeks.
Venous blood and stool samples were collected before and after the intervention.
Enzyme-linked immunosorbent assay (ELISA) was used to measure inflammatory cytokines
levels in plasma. The structural characteristics of gut microbiota were analyzed using 16S
rRNA gene sequencing of the V3—V4 region, and gas chromatography-mass spectrometry
(GC-MS) was employed to determine SCFAs content in stool samples. [Results] Prior to the
intervention, the experimental group exhibited lower levels of interleukin-1 (IL-1),
interleukin-6 (IL-6), and C reactive protein (CRP) (P<0.001, P<0.01, P<0.01), and higher
levels of interleukin-10 (IL-10) compared to the control group (P<0.001). After 8 weeks of

probiotic supplementation, plasma levels of IL-6 and CRP in the Chinese wrestlers further
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declined (P<0.01, P<0.05). Before the intervention, the abundance of Bifidobacterium
adolescentis was higher in Chinese wrestlers than that in the control group (P<0.01). Following
8 weeks of supplementation, Chinese wrestlers showed an increased abundance of Collinsella
(P<0.01), a decreased abundance of Faecalibacterium (P<0.01), and reduced a-diversity in gut
microbiota (P<0.01). Prior to the intervention, there was no significant difference in SCFAs
content between the two groups. After 8 weeks of intervention with compound probiotics, the
content of acetic acid and butyric acid in the stool samples increased in both the control group
(P<0.01, P<0.05) and the experimental group (P<0.05). The correlation analysis results
indicated a positive correlation between B. adolescentis abundance and plasma IL-10 level
(r=0.233, P=0.037) and negative correlations of B. adolescentis and C. aerofaciens abundance
with plasma IL-6 level (r=—0.499, P=0.000; r=—0.366, P=0.001) in Chinese wrestlers.
Additionally, there was a positive correlation between C. aerofaciens abundance and the
butyric acid content in stool samples of Chinese wrestlers (r=0.243, P=0.032). [Conclusion]
The 8 weeks intervention with compound probiotics effectively reduced pro-inflammatory
cytokine levels and increased anti-inflammatory cytokine levels in plasma. Furthermore, it
enhanced the abundance of butyric acid-producing bacteria in the gut microbiota, promoting
the production of SCFAs, and improving anti-inflammatory capacity.

Keywords: Chinese wrestling; gut microbiota; short-chain fatty acids; inflammatory cytokines
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Table 1 Comparison of basic characteristics
between the Chinese wrestling athlete group and the
control group

Group Age Height (m) Weight (kg) BMI
19.80+1.21 1.76+0.07 64.20+9.37 20.68+1.90

Control
(n=18)
Wrestler 20.46£1.50 1.69+0.09 63.32+11.49 22.07+2.68
(n=30)

5XfRAME, SRR . 5. KE. GEhE
18 B (body mass index, BMI) I K WA & & 4 2 H
(P>0.05).

Compared with the control group, there were no significant
differences in age, height, weight, or body mass index in the
athlete group (P>0.05).
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Figure 1 Changes in plasma inflammatory factors in the athlete and control groups before and after 8 weeks
of compound probiotic intervention. Con: Controls; Con.pro: Controls after 8 weeks probiotics intervention;
Wre: Wrestlers; Wre.pro: Wrestlers after 8 weeks probiotics intervention. #: P<0.05, ##: P<0.01, ###:
P<0.001, intragroup comparison; *: P<0.05, **: P<0.01, ***: P<0.001, intergroup comparison.
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Figure 2 Changes in gut microbiota alpha diversity of athletes before and after 8 weeks of compound
probiotic intervention. Con: Controls; Con.pro: Controls after 8 weeks probiotics intervention; Wre:
Wrestlers; Wre.pro: Wrestlers after 8 weeks probiotics intervention. #: P<0.05, ##: P<0.01, intragroup
comparison.
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Figure 3 Changes in gut microbiota beta diversity of athletes before and after 8 weeks of compound
probiotic intervention. Con: Controls; Con.pro: Controls after 8 weeks probiotics intervention; Wre:
Wrestlers; Wre.pro: Wrestlers after 8 weeks probiotics intervention.
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Figure 4 Changes in the abundance of differential genera in different groups before and after 8 weeks of
compound probiotic intervention. Con: Controls; Con.pro: Controls after 8 weeks probiotics intervention;
Wre: Wrestlers; Wre.pro: Wrestlers after 8 weeks probiotics intervention. ##: P<0.01, ###: P<0.001,
intragroup comparison; *: P<0.05, **: P<0.01, intergroup comparison.
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Figure 5 Changes in the abundance of differential species in different groups before and after 8 weeks of
compound probiotic intervention. Con: Controls; Con.pro: Controls after 8 weeks probiotics intervention;
Wre: Wrestlers; Wre.pro: Wrestlers after 8 weeks probiotics intervention. #: P<0.05, ###: P<0.001,
intragroup comparison; *: P<0.05, **: P<0.01, intergroup comparison.
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Figure 6 Changes in short-chain fatty acids content in fecal samples of subjects from different groups
before and after 8 weeks of compound probiotic intervention. Con: Controls; Con.pro: Controls after 8 weeks
probiotics intervention; Wre: Wrestlers; Wre.pro: Wrestlers after 8 weeks probiotics intervention. #: P<0.05,
##: P<0.01, intragroup comparison.
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Figure 7 Correlation analysis results between the abundance of gut microbiota components at the species
level and plasma inflammatory factor concentrations. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 8 Correlation analysis results between the abundance of gut microbiota components at the species
level and fecal short-chain fatty acids content. *: P<0.05; **: P<0.01; ***: P<0.001.
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