S atistan %ﬂww/y &w/ma/

ISSN: 0253-8318 (PRINT), 2074-7764 (ONLINE)
DOI: 10.29261/pakvetj/2024.225

RESEARCH ARTICLE

Protective Effect of Lentinan against LPS-Induced Injury in Mice Via Influencing Antioxidant
Enzyme Activity, Inflammatory Pathways and Gut Microbiota

Angi Meng*?, Xiaojuan Zhang?, Panduo Pubu®, Munwar Alit?, Jia Wang'2, Chang Xu®-2, Mikhlid H. Almutairi* and Kun
Lit2*

Ynstitute of Traditional Chinese Veterinary Medicine, College of Veterinary Medicine, Nanjing Agricultural University,
Nanjing 210095 and PR China

2MOE Joint International Research Laboratory of Animal Health and Food Safety, College of Veterinary Medicine,
Nanjing Agricultural University, Nanjing 210095, PR China

3Agriculture and Animal husbandry science and technology service station in Seni district, Naqu, 852000

4Zoology Department, College of Science, King Saud University, P.O. Box: 2455, 11451, Riyadh, Saudi Arabia
*Corresponding author: 1k3005@njau.edu.cn

ARTICLE HISTORY (24-312) ABSTRACT

Received: June 8, 2024 Irrational use of antibiotics against Gram-negative bacteria results not only in gut
ii‘c’:std; " jz:z gg' %8%: dysbiosis but also leads to antimicrobial resistance (AMR). Consequently, natural
Published online: August‘ 08, 2024 products are being considered as an alternative to antibiotics. One such product is
Key words: Lentinan (LNT), a polysaccharide found in edible mushroom, Lentinula edodes. This
Lentinan study was performed to evaluate the effects of LNT on overall intestinal health and
LPS gut microbiota in mice exposed to LPS. In this study, 30 male ICR mice were
Antioxidant randomly divided into Control (C), Model (M), and Prophylactic (P) groups. For 13

days, groups C and M received a basal diet + normal saline, while group P received
a basal diet + LNT (200 mg/kg of BW). Then groups M and P were exposed to LPS
intraperitoneal injection (IP) (10 mg/kg) for 9 hours, and all mice were sacrificed for
analysis on day 14", LNT treatment significantly increased levels of glutathione
peroxidase (GSH:Px) (P<0.05), interleukin-10 (IL-10) (P<0.0001), increased villi
height (P<0.0001), the crypt depth (P<0.001), and beneficially modulated the relative
abundance of bacteria, especially phylum Firmicutes, Bacteroidetes, Actinobacteria
and genus Campylobacter. Other genera Duncaniella (P<0.001), CAG-269 (P<0.05),
and Tidjanibacter (P<0.05) were increased, while Phocaeicola_A 858004 (P<0.05),
Enterococcus (P<0.0001) and D16-34 (P<0.05) were decreased after LNT
supplementation. Altogether, LNT treatment improved antioxidant enzyme activity,
intestinal integrity, and immune response, reduced inflammation, and induced a
beneficial shift in gut microbiota to mitigate LPS-induced sepsis.
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INTRODUCTION

An impaired intestinal epithelial barrier can lead to the
invasion of a variety of notorious pathogens and promote
the occurrence of intestinal and systemic infections
(Turner, 2009). Consequently, antibiotics are being used to
cope with different types of infections. However, the
irrational use of antibiotics has recently led to the
emergence of antibiotic-resistant Gram-negative bacteria
e.g. Salmonella and Escherichia coli (Xu et al., 2017; Scott
et al., 2018). Lipopolysaccharide (LPS) being a key
constituent of the cell wall in Gram-negative bacteria
induces sepsis-like illness, leading to the activation of the
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innate immune system and promoting the secretion of
inflammatory cytokines (Wang et al., 2022). Gut dyshiosis
in mice due to LPS has also been reported (Tang et al.,
2021). Consequently, there is a growing interest in anti-
LPS dietary immunostimulants and the development of
new antimicrobial strategies to address this ever-growing
challenge.

One such immunostimulant with promising potential
is LNT, a bioactive polysaccharide found in shiitake
mushrooms. LNT (B-glucan) has antioxidant, anti-cancer,
hypoglycemic, hypolipidemic and immunomodulatory
properties (Meng et al., 2020; Sheng et al., 2021). LNT
regulates the immune response by blocking toll-like
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receptor 4 (TLR4), activating nuclear factor kappa B
(NFxB), and decreasing the expression of interleukin-6
(IL-6), tumor necrosis factor-alpha (TNF-o), interleukin-1
beta (IL-1B) (Tsukamoto et al., 2018; Liu et al., 2019), and
the activity of OX40/IL-17A signaling and stimulating the
activation of nuclear factor erythroid 2 related factor
(Nrf2), which is crucial in oxidative stress (Yang et al.,

2022b).
Recent studies have demonstrated LNT’s ability to
modulate intestinal microbiota composition and

metabolites, thereby influencing host immune responses
and protecting against intestinal injury induced by LPS.
These findings suggest that lentinan holds promise as a
therapeutic agent for mitigating the negative effects of
Gram-negative bacterial infections, including their
inflammatory and intestinal injury-inducing properties
(Nishitani et al., 2013; Xu and Zhang, 2015; Wang et al.,
2019a). Therefore, by clarifying its therapeutic potential,
we can discover new methods to fight against Gram-
negative bacteria.

MATERIALS AND METHODS

Experimental design: Thirty male ICR mice (n=30)
weighing 20 + 3 g each, were obtained from Nanjing
Qinglongshan Animal Farm after approval of the ethical
committee (NJAU.N0.20230413054). The mice were kept
at 25+2°C, with 12 hours in each cycle of dark and light
periods, provided with free access to water and feed. The
mice were arbitrarily divided into control (C), model (M)
and prophylactic (P) groups. From day 1 to day 13, groups
C and M were provided with a basal diet + saline solution
of 0.01 mL/g of BW. On the other hand, group P received

Basal diet Treatment groups (TG), N=3

oral
e gavage 1 e (Control group)
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a basal diet + LNT at the dose of 200 mg/kg of BW (LNT
was purchased from Shanghai Acmec Biochemical
Technology Co., Ltd). After 13 days, mice in groups M and
P were injected with an IP injection of LPS at the dose of
10 mg/kg of BW (LPS was delivered by Solarbio Life
Science Co., LTD (Beijing, China). Following a 9-hour
LPS exposure, all mice were euthanized. Blood, jejunal
samples and rectal contents were taken from each mouse
and promptly preserved at -80°C for further analysis (Fig.

1).

Estimation of antioxidant enzyme activity and
inflammatory cytokines: Mouse IL-10 ELISA kit
(manufactured by Shanghai Jianglai Biotechnology Co.,
Ltd), malondialdehyde (MDA) test Kkit, glutathione
peroxidase (GSH:Px) test kit, and total antioxidant capacity
(T-AOC) kit (manufactured by Nanjing Jiancheng Institute
of Bioengineering, China) were used to estimate the
concentration of antioxidant enzymes and IL-10.

Histopathological analysis: The representative jejunal
segments from each mouse were collected and fixed in 4%
paraformaldehyde for 48 hours. The tissue samples were
subsequently embedded in paraffin, sectioned to a
thickness of 4-5um, and stained with hematoxylin and
eosin (H&E) for histopathological examination.

Genomic DNA extraction: OMEGA Soil DNA Kit
(Omega Bio-Tek, Norcross, GA, USA) was used for total
DNA extraction followed by measuring the amount of
collected DNAs through a NanoDrop NC2000
spectrophotometer. The collected DNA was quality-tested
by running an aliquot on 0.8% agarose gel.

Fig. I: Experimental
design in the current
study
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16S rDNA gene amplification and sequencing: The V3—
V4 regions of bacterial 16S rRNA genes were amplified
using PCR with forward primer 338F and reverse primer
806R. Seven-base pair barcodes were incorporated to
enable multiplex sequencing. Both primers were labeled
with Illumina adapter and adapter sequences (Lundberg et
al., 2013). The PCR reaction mixture for each amplification
reaction consisted of 12.5uL PCR Mix, 1.0uL DNA, 1.0uL
each forward and reverse primers and 9.5uL high-pressure
distilled water, with a total reaction volume of 25uL. PCR
amplification was consisting a total of 35 PCR cycles, with
each cycle having an initial hot start pre-denaturation
temperature of 95°C (5m); The denaturation temperature is
95°C(15 s); The primer annealing temperature Tm was
50°C(15s); Elongation at 72°C (45s); Then the final
extension at 72°C (10 m); Finally, stored at 4°C.

To remove non-specific products, purification of PCR
amplicons was performed using Vazyme VAHTSTM DNA
Clean Beads. Purified PCR amplifications were used to
prepare libraries in the Illumina TruSeq Nano DNA LT
Library Prep Kit following the manufacturer's
recommendations. The quality of the resultant library was
then detected through Quant-iT PicoGreen dsDNA Assay
Kit. Finally, 2x250 bp paired-end sequencing was
conducted for qualified libraries for high-throughput
sequencing on lllumina platforms with MiSeq Reagent Kit
V3.

Bioinformatics analysis: Raw sequences obtained after
high-throughput sequencing were subjected to pre-
processing using the DADA2 method in QIIMEZ2 (version
2023.7). This pre-processing involved filtering,
dereplication, chimera identification and merging of
paired-end reads. The resulting (Callahan et al., 2016),
high-quality sequences obtained were classified into the
same operational amplicon sequence variants (ASVs) or
taxonomic unit (OTU) based on a 95% similarity
threshold. To assess the present level of sequencing depth
rarefaction curve was plotted. The alpha-diversities were
computed using the abundance of ASVs or OTUs,
(observed_OTUs, Chaol, faith_pd and Shannon indexes)
and beta diversities using PCoA plots and UPGMA. The
QIIME2 program was utilized for diversity analysis. The
LEfSe analysis was performed to compare the taxon with
differential abundance between the groups.

Statistical analysis: The Kruskal-Wallis test, ANOVA,
chi-square test, Dunn's test and software programs
GraphPad Prism (v9.0) and SPSS (v26.0) were used
considering P<0.05 as statistically significant.

RESULTS

Consequences of LNT therapy on antioxidant enzyme
activity and inflammatory cytokines: Concentration of
Malondialdehyde (MDA) was elevated in group M, but
LNT decreased MDA in group P (Fig. 2A). The level of
GSH:Px in group M was significantly lower (P<0.05) than
group P (Fig. 2B). There was insignificant variation in the
T-AOC across the three groups (Fig. 2C). The findings also
demonstrated a considerably elevated level of IL-10
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(P<0.0001) in group M but LNT treatment reduced IL-10
(P<0.0001) levels (Fig. 2D).

Histopathological  observations:  Histopathological
analysis of the jejunum after H & E staining revealed
significant differences among the groups. Compared to
group C, group M displayed severe epithelial damage
characterized by villus atrophy, blunting, and plasma cell
infiltration in the lamina propria. In contrast, group P
exhibited preserved epithelial integrity, with well-defined
villus architecture, significantly increased villus height,
and visible crypt structures (Fig. 3A). The villus height in
group M was significantly shorter compared to group P
(P<0.0001) (Fig. 3B). Both groups M and P showed
increased jejunal crypt depth compared to group C, but the
increase in crypt depth was less pronounced in group P than
in group M (P<0.001) (Fig. 3C).

Sequencing data analysis: 16S rDNA and ITS amplicon
sequencing resulted in a total of 418250, 416703, and
420588 raw sequences regarding groups C, M, and P,
respectively with more than 91% filtered data in all groups,
varying from 63548 to 90912 per sample (Table 1). Each
de-emphasized sequence produced after noise reduction
using DADA2 is termed ASV/OTU, and there were
conserved  microbial ~ communities  in  varying
environmental conditions up to a certain degree.

The gradual flattening of the Rarefaction Curve
showed that the sequencing quantity and depth had covered
all the species in the samples and satisfied the requirements
of further study (Fig. 4A). To interpret species abundance
and species evenness, OTU-abundance curves were
constructed. Each fold line denotes a sample (group), and
the length of the fold line on the horizontal axis indicates
the number of ASVs/OTUs in that sample (group) at that
abundance. A flatter fold line suggests a smaller variation
in abundance among ASVs/OTUs within the community
(Fig. 4B).

Gut microbial diversity analysis: Multiple o-diversity
indices described the diversity and richness of
microorganisms, indicating that the faith_pd in group M
was less compared to group P and that Chaol,
observed_features, and Shannon were higher compared to
group P (Fig. 5A). Moreover, Shannon had a significant
variation (P<0.05), which suggested that the sample
microbiota of the mice in group P had better homogeneity
and richness and poor diversity (P>0.05).

The B-diversity indices, such as Principal Coordinates
Analysis (PCoA), provide a measure of the similarity in
community composition among the samples (Fig. 4B).
Analysis of the Jaccard distance revealed that the points in
groups M and P were separated by a specific distance. This
indicates that the gut microbial structure LNT-treated
group changed following LPS induction (Fig. 5B). The
NMDS statistics demonstrated the variations both among
and within the samples (Fig. 5C). The UPGMA plots
demonstrated that the similarity between the two samples
increased as the branching length between them decreased
(Fig. 5D). The PERMANOVA analysis revealed
significant differences within groups and between groups
(Fig. 5E).



400

90—
300 H

80
200

Length{um)
Crypt depth(pm)

70

100
60

50

sample
c1
cz
c3
ca
cs
M1

4000+

30004

— M2

Chaol

20004 | — w3
— M4

M5
— Pl
1000 .
— 3
— P4
— ps

20000 40000
Number of sequences

650

Pak Vet J, 2024, 44(3): 647-656.

\"
ey

Fig. 3: (A) Histopathology of jejunum in
mice (200x) in groups C, M, and P from
left to right. (B)The length of the jejunum
villi; (C)The crypt depth of the jejunum
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Fig. 4: Sequencing data analysis and OUT distribution, (A) Rarefaction Curve; (B) Rank abundance curve.

Gut microbial composition analysis: Phylum Firmicutes
(C =35.53%, M = 45.46%, P = 43.65%) and Bacteroidota
(C =57.35%, M = 44.99 %, P = 44.61%) were dominant
being more than 88%. Actinobacteriota accounted for a
higher proportion of 5.04% in group M, 3.46% and 3.57%
in groups C and P, respectively, while Campylobacterota
accounted for a lower proportion of 1.84% in group M and
2.55% and 6.79% in groups C and P, respectively. The
percentage of Desulfobacterota_| increased in both group
M and P, but the increase was greater in group M
(C=0.59%, M=2.27%, P=1.17%), while Proteobacteria
showed a trend of increasing in group M and decreasing in
group P, compared to group C (C=0.27%, M=0.34%, P =
0.12%). At the genus level, Bacteroidia, Bacilli and
Clostridia_258483 were the dominant organisms in the C,
M and P groups, with proportions of C=57.35%, 22.58%,
12.88%; M=45.00%, 33.97%, 11.49% and P=44.61%,
27.37%, 16.27%.

For the top ten species ranked at the genus level, in
group M, Lactobacillus, Limosilactobacillus, and
Paramuribaculum dominated being 17.22%, 12.82% and
11.71%. Group P had Lactobacillus, Paramuribaculum, and
Limosilactobacillus as the dominant flora being 19.22%,
8.23% and 7.86% respectively. Among them, the

abundance of Lactobacillus, Prevotella, and Duncaniella
was relatively high in group P compared to group M.
Cryptobacteroides showed a decline in group M and an
increase in group P (C=3.52%. M=2.11%, P=5.61%).
These results indicated that LNT increased the abundance
of species of Firmicutes, Clostridia, Cryptobacteroide,
Lactobacillus, Prevotella, and Duncaniella and decreased
the abundance of Bacteroidota, Actinobacteriota,
Desulfobacterota_I, and Proteobacteria in the intestinal
tracts of LPS treated mice.

Performing LEfSe (JLDA score[> 2.0) detected that
Helicobacter C 479931, Duncaniella, Rikenella, and
Rikenellaceae in group C, while Phocaeicola_ A 858004 in
group M were more prevalent (Fig. 6E). Furthermore, group
P exhibited the presence of two biomarkers, namely
Parabacteroides B 862066 and  Tannerellaceae. The
concentric rings in the cladistic graphic depict taxonomic
ranks ranging from phylum to genus (or species) (Fig. 6E). In
the MetaCyc pathway, there was one up-regulated differential
metabolite in group C and one down-regulated differential
metabolite in group P, with 10 up-regulated different
differential metabolites in group M. In KEGG pathways, only
group M has one upregulated differential metabolite, which is
Steroid hormone biosynthesis (Fig. 6G).
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Table I: The sequenced data of mice microbiome in the present study.

Sample Input Filtered Percentage of input Denoisd Merged Percentage of Non-chimeric ~ Percentage of input
ID passed filter input merged non-chimeric
Cl 79376 73499 92.60 69584 49212 62.00 34661 43.67

2 76379 71027 92.99 68460 51193 67.02 36218 47.42

c3 90124 83336 92.47 81278 65373 7254 44121 48.96

C4 90613 83493 92.14 81369 67313 7429 45047 49.71

(o) 81758 74687 91.35 72317 57610 70.46 37792 46.22

Mi 84322 77204 91.56 74443 56247 66.71 38711 4591

M2 95257 88204 92.60 85197 66509 69.82 42921 45.06

M3 68486 63548 92.79 62839 59399 86.73 49807 72.73

M4 87542 81280 92.85 78909 68080 7777 56539 64.58

M5 81096 75013 92.50 71573 54865 67.65 37703 46.49

Pl 74027 69031 93.25 67183 57861 78.16 43659 58.98

P2 69955 64231 91.82 62873 53675 76.73 40424 57.79

P3 97892 90912 92.87 86722 66048 67.47 44131 45.08

P4 86781 80125 9233 77711 60737 69.99 40917 47.15

P5 91933 85499 93.00 82686 69491 75.59 46239 50.30
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Fig. 6: (A) Statistical analysis of

PWY-2942
PWY-5971 ASVs in different taxonomic
PWYG-321 units, (B) The dominant bacteria
2 at phylum, class, and genus level;
::VMIJZE: (C) heat map of bacterial
PWY-6282 C distribution at phylum and genus
PWY-5989 M  level. (D) ZicoSeq analysis of
PWY-6519 p ASVs; (E) LEfSe analysis: |LDA
BIOTIN-BIOSYNTHESIS-PWY score| > 2.0 was considered as a
FASYN-INITIAL-PWY significant difference, (F)
PWY-6901 Microbiota ~ with  significant
PWY-7328 differences at the genus level. (G)
Distinguished ~ pathways  in
-2 0 2 4 MetaCyc pathways and KEGG
LDA SCORE(log 10) pathways.
Steroid hormone biosynthesis M
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DISCUSSION

LNT exhibits diverse biological activities and has a
positive safety profile (Ren et al., 2015; Meng et al., 2020;
Sheng et al., 2021). LNT enhances the integrity of the
intestinal barrier by improving its antioxidant capacity
(Wang et al., 2019b; Huang et al., 2022; Qin et al., 2022).
The administration of LNT reduced oxidative damage by
reducing the levels of MDA and boosting the activity of
GSH:Px (Fig. 2A, B). Ren et al. (2019) also discovered a
notable increase (P < 0.05) in the activities of SOD,
GSH:Px, CAT and MDA following LNT therapy in Hucho
taimen. In the current study, IL-10 significantly reduced
(P<0.0001) in the LPS-induced-LNT-treated group (Fig.
2D). This finding is in accordance with the report by Li et
al. (2023). We investigated that LNT significantly
enhanced the villus length (P<0.001) and reduced crypt
depth (P<0.001), particularly in the jejunum and reduced
inflammation (Fig. 3A). Ren et al. (2019) also
demonstrated comparable findings. LNT in the intestine
blocks the NF-«B signaling pathway and reduces the levels
of TNF-a, IL-6, IL-1pB, and IL-8 (Ren et al., 2016; Ren et
al., 2019). Previous results also demonstrated that
administering LNT orally at a dosage of 10 mg/kg led to a
reduction in IL-10 levels in rabbits (Alkenany and Khalil,
2022). For its anti-inflammatory properties, LNT functions
by mitigating the excessive inflammatory response of the
body (Zhou et al., 2024).

The analysis of alpha (Fig. 5 A) and beta-diversity
indices (Fig. 5 B, C, D, E) revealed substantial differences
(P>0.05) in the microbiota composition among all groups.
The predominant taxa were Firmicutes (41.55% + 3.74%)
and Bacteroidota (48.98% + 5.12%). Contrarily, Ren et al.
(2016) found that LNT reduced Firmicutes and raised
Bacteroidetes. One possible explanation for this variance
could be that they evaluated the caecum concerning
bacterial fermentation, rather than the jejunum. In our
study, Phylum Bacteroidetes, specifically, the Phocaeicola,
was seen to significantly decrease (P<0.05) in the P group
compared to the M group (Fig. 6 E). This could perhaps be

a compensatory mechanism to alleviate the detrimental
impact of LPS in group M. Bacteroidetes produce short-
chain fatty acids (SCFAs) and significantly affect
carbohydrate fermentation, nitrogen use and pathogen
decolonization (Xu et al., 2012; Zhang et al., 2016). After
LNT treatment, a significant rise (P<0.05) in the abundance
of CAG-269 (Firmicutes) was observed in the current
study. Recent research emphasizes the importance of CAG-
269 in inflammatory bowel disease (IBD) and colorectal
cancer (CRC) (Minot and Willis, 2019). Furthermore, D16-
34 were elevated in the treated group and decreased
significantly (P<0.05) in LNT treated group. Furthermore,
it was observed that the genus Tidjanibacter exhibited a
significant increase (P<0.05) following LNT treatment
(Fig. 6F). Research conducted by Rodas et al., (2024) has
shown that this genus plays a significant role in intestinal
fermentation. The abundance of Enterococcus was
dramatically reduced (P<0.0001) following LNT therapy
(Fig. 6F). However, contrasting findings were reported by
Yang et al. (2022a). Possible factors contributing to this
variation include variations in the concentration of LNT
and differences in the breed of mice used. Enterococcus
functions as a commensal bacterium and has probiotic
properties (Pont et al., 2024). We investigated that
Bacteroidia, Bacilli and Clostridia_258483 were the most
prevalent in the P groups, accounting for 44.61%, 27.37%
and 16.27% respectively (Fig. 6B). Clostridia plays a
positive role in energy metabolism and contributes to the
production of SCFASs (Lopetuso et al., 2013).

The percentages of Lactobacillus, Paramuribaculum,
and Limosilactobacillus in the P group were 19.22%,
8.23% and 7.86%, respectively. Group P exhibited a
relatively high abundance of Lactobacillus, Prevotella and
Duncaniella compared to group M (Fig. 6B) and Lirong et
al. (2023) discovered similar patterns. Proteobacteria
increased in group M and decreased in group P (C=0.27%,
M=0.34%, P=0.12%) (Fig. 6 B, C) (Chu et al., 2023).
Proteobacteria, particularly  Enterobacteriaceae are
responsible for intestinal dysbiosis, influencing the anti-
inflammatory response (Schippa and Conte, 2014; Ren et



al., 2019). A similar type of gut microbiota variation was
observed by Lei et al. (2023), in a pig model infected with
Cryptosporidium.

Thus, LNT hindered dysbhiosis by reducing the
abundance of Proteobacteria (Yang et al., 2022a).
Actinobacteriota constituted a greater percentage of 5.04%
in group M, in contrast to groups C and P, which had
proportions of 3.46% and 3.57% compatibly (Fig. 6 B, C).
Actinobacteria (Bifidobacterium) have been identified as
probiotics that enhance lipid metabolism (Yang et al.,
2022a). The prevalence of Campylobacterota was 2.55% in
group C and 6.79% in group P (Fig. 6 B, C). The bile
adaption of Campylobacter jejuni is linked to flagellins and
19 other proteins (Army et al., 2023). Group P exhibited a
notable upward trend of 5.61% in Cryptobacteroides (Fig.
6 B, C). Furthermore, the clustering heat map demonstrated
that LNT increased the presence of Firmicutes, Clostridia,
Cryptobacteroide,  Lactobacillus,  Prevotella, and
Duncaniella species, while decreasing the abundance of
Bacteroidota, Actinobacteriota, Desulfobacterota_| and
Proteobacteria in the intestinal tracts of mice with LPS-
induced inflammation (Fig. 6 B, C) (Yin et al., 2023;
Yanling et al., 2023).

LNT increased the abundance of Prevotella (Fig. 6B).
Prevotella also plays a crucial role in breaking down fiber
and production of SCFAs (Kobayashi et al., 2017).
Therefore, the addition of LNT has a potential impact on
preserving the health of the gut by preventing inflammation
and oxidative harm, promoting the formation of SCFAs and
modifying the makeup of the microbiota (Tang et al.,
2018).

Conclusions: In conclusion, LNT significantly improved
antioxidant enzymes, and intestinal histopathology,
particularly in the jejunum, acts as an anti-inflammatory
compound by influencing different inflammatory pathways
and cytokines (e.g. IL-10), modulated gut microbiota in a
more beneficial way and has no toxicity for the host.
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