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EPimedium brevicornu Maxim (EBM) plant is traditionally used as a therapeutic
agent against many diseases, yet its protective role against LPS-induced chronic
inflammation and gut barrier impairment remains unexplored. This study aimed to
investigate whether EBM can protect against Lipopolysaccharide (LPS)-induced
chronic inflammation and gut barrier impairment by modulating gut microbiota
composition and short chain fatty acids (SCFAs) levels in a murine model. For this
purpose, mice were randomly assigned into six groups receiving saline, LPS, and LPS
combined with low or high doses of EBM for 28 days. After sacrificing the mice,
histopathological findings confirmed LPS-triggered inflammatory injury
accompanied by epithelial barrier dysfunction by marked inflammatory infiltration.
Molecular analyses further supported these findings as LPS challenge elevated IL-6
and TNF-a at both mRNA and protein levels, and disrupted gut barrier integrity by
decreasing zonula occludin (ZO-1), claudin-1, and occludin. These changes were
accompanied by a reduction in beneficial gut bacteria mainly: Firmicutes,
Ligilactobacillus, Lactobacillus and Ruminococcus, and an elevation in important
harmful bacteria including Proteobacteria, Deferribacterota, Desulfovibrio and
Bilophila, along with a sharp decline in fecal SCFAs. Whereas, co-administration of
EBM protected against these changes in a dose dependent manner. It preserved gut
barrier integrity at histological level, reduced inflammatory cytokines and preserved
barrier proteins while counteracting these shifts by enriching beneficial taxa,
suppressing inflammation-associated genera, and maintaining SCFA production,
collectively demonstrating its protective role against LPS-induced chronic
inflammation and barrier impairment.
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INTRODUCTION

These junctions are composed mainly of zonula occludens-
1 (ZO-1), claudin-1 and occludin proteins which being

Chronic intestinal inflammation is characterized by
persistent inflammatory responses, tissue injury, and
disruption of intestinal homeostasis (Okumura and Takeda,
2018). The intestinal epithelial barrier is maintained by
tight junctions (TJ) that forms a frontline boundary
between the host and gut lumen (Roca Rubio ef al., 2021).

selective in nature, allows absorption of nutrients while
blocking the entry of toxins and pathogens (Li et al., 2019).
However, during chronic inflammatory conditions, this
barrier is damaged, and TJ proteins decline and
permeability increases (Zhao ef al., 2025). Consequently,
endotoxins and pathogens are translocated in systemic
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circulation triggering widespread inflammation which
leads to multiple organ injuries (He et al., 2023).
Importantly, gut microbiota is considered to influence
intestinal inflammation and integrity of this epithelial
barrier (Wu et al, 2018), and to maintain TJ proteins
through SCFA production (Koh et al., 2016). Therefore,
protection of TJ proteins is crucial for maintaining
intestinal health and preventing inflammatory stress (Zhu
et al., 2020).

Epimedium brevicornu Maxim (EBM) is a well-
known plant in traditional Chinese medicine that has been
used for centuries (Cui et al, 2024). EBM is mainly
composed of flavonoids, isoflavonoids, phenols, tannins
and other bioactive compounds. However, icariin,
Epimedin A, B, C, icariside I, and Baohuoside 1 and
metabolites of icariin including icaritin are considered the
principal bioactive compounds which are responsible for
pharmacological activities of EBM (Wang et al., 2016).
EBM has been employed for treatment of a broad spectrum
of chronic conditions including sexual dysfunctions,
osteoporosis, diseases of cardiovascular system, and
immune deficiencies (Ma et al., 2011). Modern studies
have clarified the biological basis of these effects showing
that EBM possesses potent anti-oxidant (Gao et al., 2022)
and anti-inflammatory (Huang et al., 2018) properties. In a
similar way, flavonoids in EBM have been shown to reduce
intestinal  inflammatory responses by selectively
modulating gut microbiota (Murota et al, 2018).
Supporting this, dietary supplementation in normal
conditions with these flavonoids has been reported to
increase fecal SCFA levels including acetate, propionate,
and butyrate. Besides, it also enhances TJ proteins in
intestines, including ZO-1, claudin-1 and occludin (Zhang
etal.,2023).

Lipopolysaccharide (LPS) has been demonstrated to
induce inflammatory responses and disrupt gut barrier
function via impairment of TJ proteins (Bhatia et al., 2022).
Despite the evidences which have mostly evaluated
therapeutic effects of EBM after inflammatory damage has
been established, no study has yet evaluated whether EBM
administration during prolonged inflammatory trigger can
protect gut barrier integrity remains unclear. Therefore, this
study aimed to evaluate whether preventive administration
of EBM during repeated LPS challenge could protect
against intestinal inflammatory responses, maintain tight
junction integrity, and maintain gut microbiota and SCFA
production under inflammatory conditions.

MATERIALS AND METHODS

UPLC-HRMS/MS-based phytochemical profiling of
EBM extract: The crude ethanolic extract of EBM used in
this study was supplied by Xi’an Dongfeng Biotechnology
Co., Ltd. (Xi’an, China). The phytochemical profiling of
EBM extract was carried out using ultra-performance
liquid chromatography coupled with high-resolution
tandem mass spectrometry (UPLC-Q Exactive HFX
Orbitrap-MS/MS).  Chromatographic separation was
achieved by employing a Waters HSS T3 column, followed
by detection using a Q Exactive HFX Hybrid Quadrupole-
Orbitrap mass spectrometer equipped with a heated
electrospray ionization source (Thermo Fisher Scientific).
Compound annotation was achieved using accurate mass,
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MS/MS fragmentation patterns, and comparison with
available chemical databases.

Animals and ethical approval: Sixty specific pathogen-
free (SPF) female C57BL/6 mice (age of 4 weeks, 18-20 g)
were procured from the Laboratory Animal Center of
Yangzhou University (Yangzhou, China). Animals were
housed under standard SPF conditions (25 + 1°C, 50-60%
relative humidity, 12-hours light/dark cycle) and were
provided with free access to water and feed during the
entire experimental period. The approval for all
experimental procedures and animal welfare was granted
by the Experimental Animal Welfare and Ethics
Committee, Nanjing Agricultural University (Permission
Number: NJAULLSC2024086).

Preparation of LPS and EBM extract doses: LPS
solution was prepared by dissolving 10 mg of LPS powder,
purchased from Coolaber Science & Technology Co., Ltd.,
China, in 10 mL of sterile normal saline. This yielded a
stock solution of a concentration of 1 mg/ml. For
administration, EBM extract was freshly dissolved in
normal saline. Two doses of 40 mg/kg and 80 mg/kg body
weight were formulated as low and high dose treatments.

Grouping and induction of chronic intestinal
inflammation: After a one-week acclimatization period,
mice were randomly distributed into six groups (n = 10 in
each group):

. Con-N (saline control): normal saline by
intragastric gavage (i.g.) and intraperitoneal injection (i.p.);

. Con-L (control + low dose): EBM extract (40
mg/kg, i.g.) and normal saline (i.p.);

. Con-H (control + high dose): EBM extract (80
mg/kg, i.g.) and normal saline (i.p.);

. LPS-N (LPS only): lipopolysaccharide (LPS; 0.5
mg/kg body weight, i.p.) and saline (i.g.)

. LPS-L (LPS + low dose): LPS (i.p.) and EBM
extract (40 mg/kg, i.g.)

. LPS-H (LPS + high dose): LPS (i.p.) and EBM

extract (80 mg/kg, i.g.)

Mice administered with the LPS to induce
inflammation were given extract treatments simultaneously
and continued once daily for 28 days. Following co-
treatment approach similar to previously published models
Xu et al., 2024).

Samples collection: At the completion of the trial all
animals were sacrificed. Euthanization of all animals was
carried out by cervical dislocation. Colon tissues, colonic
contents, and other organs were taken and promptly kept at
-80 °C to be used for proceeding analyses.

Histopathological examination: Representative colon
tissues from each animal were excised and fixed using 10%
formalin. Subsequently, the tissues were embedded in
paraffin, sectioned and subjected to hematoxylin and eosin
staining for histopathological examination. Histological
changes were examined with an optical microscope (Nikon
Eclipse E100) equipped with a digital camera system
(NIKON DS-U3). Representative sections from each group
were evaluated based on the basis of morphological
alterations.
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RNA isolation and RT-qPCR analysis: RNA from
colon tissues was extracted with Trizol (Invitrogen,
USA), chloroform, isopropanol (Shanghai Lingfeng
Chemical Reagent Co., LTD) and 75% ethanol
(Sinopharm, China). Residual DNA was removed using
DNasel(Vazyme  Biotech, China). The RNA
concentration was determined on NanoDrop 2000
(Nanodrop Technologies, USA). cDNA synthesis was
carried out using Prime Script RT Master Mix (TaKaRa,
China) following the kit protocol. Quantitative PCR was
performed using ChamQ Blue Universal SYBR qPCR
Master Mix (Vazyme Biotech, China) on Light Cycler96
system (Roche, Basel, Switzerland). The cycle consisted
of an initial 2-min denaturation step, followed by 40
amplification cycles comprising of 95 °C for 30 s
(denaturation), 65 °C for 34 s (annealing), and 72 °C for
30 s (extension). The specific primers used were designed
using NCBI primer -BLAST and some were selected from
previous references (Table 1). Normalization of relative
gene expression level was performed using GAPDH as
housekeeping gene. All samples were tested in technical
triplicates. Relative gene expression was quantified using
2-4ACt (Khan et al., 2025).

Table. I: Primer sequences used in RT-qPCR
Gene Primers

IL-6 F- TGTTCTCTGGGAAATCGTGGAA  (Humbert-
R- GCAAGTGCATCATCGTTGTTCA Claude et adl,
2016)
TNF-a  F-CCTCTTCTCATTCCTGCTTGTGG  (Humbert-
R-GGCCATTTGGGAACTTCTCATC  Claude et adl,
2016)

Z0-1 F- GAGACAAGATGTCCGCCAGG
R- AAATCCAAACCCAGGAGCCC

(Yin et al, 2021)

Claudin-1  F-GGCTTCTCTGGGATGGATCG (Yin et al, 2021)
R-TTTGCGAAACGCAGGACATC

Occludin ~ F-ACCGTCTAATCAATCTTTG (Wan et dl, 2022)
R-AACTCCTGAACCAGCACTC

GAPDH F: CCCAGCTTAGGTTCATCAGGT NCBI BLAST

R: GTTCACACCGACCTTCACCA
Note: F: Forward primer, R: Reverse primer

Western blotting: Total protein was extracted from colon
tissues using Radio immunoprecipitation (RIPA) buffer
(Vazyme Biotech, China) and phenylmethyl sulfonyl fluoride
(PMSF) (Beyotime, Beijing, China). Proteins concentrations
were measured with a BCA assay kit (Vazyme Biotech,
China). Equal volume of proteins was separated on 12%
SDS-PAGE (Vazyme Biotech, China) gels and were
deposited onto PVDF (polyvinylidene fluoride) membranes
(Millipore, Bedford, MA, USA) and then blocked with 5%
skim milk solution for 2 hours at room temperature.
Subsequent to washing PBST solution the membranes were
incubated with ZO-1, claudin-1, occludin, TNF-o, IL-6 and
B-actin (Aladdin, Shanghai, China) primary antibodies at 4°C
overnight after dilution 1:1000 in PBST. Secondary
antibodies employed were horseradish peroxidase (HRP)-
conjugated goat anti-rabbit antibody and anti-mouse IgG
diluted 1:5000 diluted (Aladdin, Shanghai, China). p-actin
expression was marked as a control in loading to normalize
total protein levels. The blots formed were visualized by
using ECL chemiluminescence detection kit (NCM Biotech,
Suzhou, China) under MiniChemi Chemiluminiscent
imaging system (General Electric Company, USA). The
relative density of bands was quantified with ImageJ Analysis
Software (National Institute of Health, Bethesda, MD, USA).
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Analysis of gut microbiota via 16S rDNA sequencing
and statistical analysis: Fecal DNA was isolated using the
TGuide S96 Magnetic Universal DNA Kit (Tiangen,
DP812). The V3-V4 region of the bacterial 16S rRNA gene
was amplified using standard primers (Forward:
ACTCCTACGGGAGGCAGCA; Reverse:
GGACTACHVGGGTWTCTAAT). Purified amplicons
were sequenced using Illumina NovaSeq 6000 (paired-
end). and processed using QIIME2 (v2020.6). For
denoising and ASV generation DADA2 was used. SILVA
138 database was used for taxonomic assignment. o-
diversity (Chaol, ACE, Shannon, Simpson indices and
Whole PD Tree) and relative abundances at taxa level were
evaluated from the ASV table while B-diversity assessment
was conducted with Bray-Curtis and weighted/unweighted
UniFrac distances and visualized by PCoA/PCA. Group
differences in community composition were tested by
PERMANOVA (Adonis, vegan R package), and microbial
differences at taxa level evaluated by LEfSe (P<0.05, LDA
score (logio) > 4.0).

Short chain fatty acid analysis: SCFAs profile in fecal
samples was examined using gas chromatography-tandem
mass spectrometry (GC-MS/MS). Fecal samples were
acidified and extracted using a standard MTBE-based
protocol. The resulting supernatant was injected onto DB-
FFAP capillary column for chromatographic separation
and SCFAs were quantified in multiple reaction monitoring
(MRM) mode. All procedures followed established SCFA
analytical protocols.

Statistical analyses: Experimental data were tested for
normality and homogeneity of variance through Shapiro—
Wilk and Levene’s tests prior to statistical analysis. Data
were subjected to one-way ANOVA followed by Tukey’s
multiple comparisons test for post hoc analysis.
Comparisons between two independent groups were
conducted using a two-tailed unpaired Student’s t-test. The
data are reported as mean and standard deviation (SD).
Statistical significance was defined as P<0.05, P<0.01,
P<0.001, and P<0.0001. Statistical comparisons were carried
out based on the assigned experimental groups. All analyses
were performed using IBM SPSS Statistics 26 and GraphPad
Prism 10.17 (GraphPad software). Bar and line chart
representations were made using GraphPad Prism 10.17
(GraphPad software) and OriginPro 2024.

Correlation analysis between SCFAs and gut
microbiota: Spearman’s rank correlation was used to
evaluate associations between gut microbial genera and
short-chain fatty acids (SCFAs). P-values were adjusted for
multiple comparisons using the Benjamini-Hochberg FDR
method. Correlation patterns were visualized as hierarchical
clustered heatmaps, highlighting both all associations and
statistically significant correlations (FDR<0.05). Analyses
were performed in R (version 4.x), enabling identification of
microbial taxa potentially linked to SCFA production.

RESULTS
UPLC-Q Exactive HFX Orbitrap-MS/MS profiling

revealed flavonoid diversity in EBM extract: UPLC-
Orbitrap-MS/MS analysis revealed the identification of
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multiple characteristic bioactive phytochemicals in EBM
extract (Fig. 1 B-H), including icariin, epimedin A,
epimedin B, epimedin C, icaritin, icariside I, and
Baohuoside I, respectively. In addition to flavonoids,
chemical profiling of the extract identified isoflavonoids
and phenols as the second and third most abundant
constituents, respectively, followed by cinnamic acid
derivatives, coumarins, tannins, and lignin (Fig. 1 A).
Collectively, UPLC-HRMS/MS profiling confirmed the
presence of multiple flavonoid, phenols and other classes
in EBM extract.

EBM preserved the colon against pathological changes:
Representative colon sections stained with H&E (scale bar
=100 pum) showed that Con-N, Con-L and Con-H groups
generally maintained an intact epithelial structure with no
visible infiltration of inflammatory cells in lamina propria
(Fig. 2). In contrast, LPS-N group (Fig. 2) displayed a
notable inflammatory infiltration, consistent with injury to
epithelium and barrier disruption. In contrast, the co-
administration of EBM in LPS-L and LPS-H groups

85.0288
pa

129.0545
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showed less infiltration, demonstrating preservation of gut
barrier.

EBM counteracts LPS-induced transcriptional
upregulation of inflammatory cytokines: RT-qPCR
analysis showed a significant upregulation of mRNA
expression of pro-inflammatory cytokines /L-6 (P<0.01)
and TNF-a (P<0.05) upon LPS exposure (LPS-N), in
comparison to control group (Fig. 3 A-B). In contrast, co-
administration of EBM markedly prevented this elevation
of cytokines in a dose dependent trend. Specifically, the
high dose of EBM (LPS-H) displayed a highly significant
restrain (P<0.01) in the upregulation of both the /L-6 and
TNF-o in comparison with LPS-N group. Likewise, the
low dose of EBM (LPS-L) also showed a significant
prevention in expression of TNF-o (P<0.05) and marked
attenuation in /L-6 as compared to LPS-N group as shown
in (Fig. 3 A-B). These findings revealed that preventive
administration of EBM limits the transcriptional
activation of pro-inflammatory cytokines under the LPS
challenge.
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Fig. I: Phytochemical profiling of Epimedium brevicornum Maxim. (EBM) ethanolic extract by UPLC-Q Exactive HFX Orbitrap-MS/MS. (A) Number of
compounds identified per chemical class. (B-H) MS/MS spectra of the characteristic flavonoids in EBM: (B) icariin, (C) Epimedin A, (D) Epimedin B, (E)
Epimedin C, (F) icaritin (G) icariside | (H) Baohuoside |, with precursor and fragment ion m/z values annotated. Compounds were annotated based on
accurate mass, MS/MS fragmentation, and database matching.

Con-N Con-H

Con-L

Fig. 2: Hematoxylin and eosin—stained colonic sections from six experimental groups. Con-N shows intact mucosal architecture with no inflammatory
infiltration. Con-L and Con-H display normal structural organization comparable to Con-N. LPS-N exhibits severe mucosal disruption and inflammatory
infiltration. LPS-L shows improvement with reduced inflammatory infiltration. LPS-H demonstrates marked protection of mucosal architecture with
minimal infiltration, indicating efficacy of EBM. Scale bar: 100pm.
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Fig. 3: Quantitative PCR analysis of intestinal MRNA expression for inflammatory markers (TNF-a, IL-6) and tight junction proteins (ZO-1, claudin-I,
occludin) in mice colon. Relative expression levels of MRNA were normalized to GAPDH and calculated using the 2*-AACt method. Data are expressed
as mean * SD (n = 5 per group). Each biological sample was run in technical triplicates. Statistical significance was determined: *P<0.05, **P<0.01,
*#¥P<0.001, ***P<0. 0001. EBM treatment attenuated LPS-induced inflammatory responses and preserved tight junction integrity in a dose-dependent

manner.

EMB prevents downregulation of tight junction protein
mRNA: Analysis of qPCR outcomes showed that the LPS
trigger and EBM administration resulted into significant
alterations in the expression levels of mRNA of ZO-1,
claudin-1 and occludin. LPS exposure significantly
decreased the expression levels of ZO-1 (P<0.0001) claudin-
1 (P<0.001) and occludin (P<0.0001) genes compared
against the control group (Fig. 3C-E). Conversely, EBM co-
administration significantly prevented their reduction in
expressions in a dose dependent trend. In both the low (LPS-
L) and high (LPS-H) dose groups of EBM the higher levels
of mRNA of ZO-1 (P<0.001), claudin-1 (P<0.01) and
occludin (P<0.0001) were seen as compared against the
LPS-N group. These findings showed that EBM prevents the
reductions in TJ protein mRNA expression in a dose
responsive manner.

Preventive effects of EBM on pro-inflammatory
cytokines TNF-a and IL-6: The Western blot analysis
(Fig. 3 A) showed that LPS challenge significantly elevated
the protein expression of TNF-a (P<0.05) and IL-6
(P<0.0001) (Fig. 4 A1-A2) in colon tissues compared to
control group. Conversely, co-administration of EBM
markedly prevented this LPS-induced elevation of these
proteins dose dependently. Notably, the high dose of EBM
(LPS-H) demonstrated a highly significant prevention in
IL-6 (P<0.0001) and a marked suppression in the TNF-a
(P<0.05) protein expression relative to the LPS-N group,
while the low dose (LPS-L) exhibited a highly significant
suppression in IL-6 (P<0.001) and a notable declining
trend in TNF-a levels.

EBM maintains the expression levels of tight junction
proteins: Analysis through the Western blot (Fig. 4B)
revealed a highly significant reduction in the protein
expressions of ZO-1 (P<0.0001), claudin-1 (P<0.001) and
occludin (P<0.0001) (Fig. 4B1-B3) in LPS-N group
relative to control group, revealing that LPS profoundly
decreased the expression of TJ proteins. However, co-
administration of EBM effectively attenuated LPS-induced
reduction in proteins in a dose-dependent trend. At the low
dose (LPS-L) EBM significantly preserved the expression
levels of ZO-1 and occludin proteins (P<0.0001), whereas,
the high dose of EBM (LPS-H) significantly prevented the
decline of ZO-1 (P<0.0001), claudin-1 (P<0.01) and
occludin (P<0.0001).

16S RNA sequencing quality evaluation and ASV
generation: A total of 2,543,886 paired-end reads were
acquired from all fecal samples. After quality filtering
using Trimmomatic and Cutadapt, followed by DADA2-
based denoising, paired-end merging, and removing
chimera in QIIME2 (v2020.6), 2,356,050 clean reads
were kept, with an average sequencing depth of 65,446
reads per sample (range: 38,789-68,250 reads). A total of
19,996 ASVs were identified across all samples. Good’s
coverage values ranged from 0.9991 to 0.9999, showing
sufficient sequencing depth for analysis of microbial
diversity.

Positive effects of EBM on microbial composition: The
overall analyses profile of the gut microbiota is presented
in Fig. 5. At the phylum level, among the top dominant
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phyla identified (Fig. 5A) are Bacteroidota, Firmicutes,
Desulfobacterota, Actinobacteriota, Proteobacteria,
Campylobacterota, Patescibacteria, Deferribacterota,
and Cyanobacteria, along with unclassified Bacteria and
others. In comparison to control (Con-N), LPS group
(LPS-N) exhibited a marked decrease in the relative
abundance of Firmicutes (Fig. 5 Al) and a concomitant
significant enrichment of Desulfobacterota (P<0.05)
(Fig. 5 A2). Besides, a numerically high elevation in
Proteobacteria (Fig. 5 A3) and Deferribacterota (Fig. 5
A4) was seen, reflecting the alterations caused by LPS
administration. Conversely, co-administration of low
(LPS-L) and high dose of EBM (LPS-H) attenuated this
LPS-associated dysbiosis as revealed by increased the
Firmicutes (P<0.05) and decreased Proteobacteria and
specifically Deferribacterota with highly significant
(P<0.0001) levels toward control levels in a dose
dependent trend. In order to further investigate the
microbial differences, the analysis focused on the
important taxa relevant to gut health at the genus level.

Several functionally important genera, including
Lactobacillus, Ligilactobacillus, Bilophila,
Desulfovibrio, Alistipes and Ruminococcus showed

notable variations among the groups. LPS exposure in
LPS-N group significantly increased Desulfovibrio
(P<0.05) (Fig. 5 B1), Bilophila (P<0.05) (Fig. 5 B2) and
enriched Alistipes (Fig. 5 BS5) levels, while decreasing
trends were seen in Lactobacillus (Fig.5 B3) and
Ligilactobacillus (Fig.5 B4) and Ruminococcus (Fig.5
B6) in comparison to control group. In contrast, co-
administration of EBM significantly prevented elevation
of Desulfovibrio in both LPS-L and LPS-H groups
(P<0.05) in a dose dependent manner, while reducing
Bilophila and Alistipes in the same manner, showing the
potential of EBM to counteract imbalance in microbiota
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under the inflammatory stimuli. Furthermore, high dose
of EBM in control group (Con-H) displayed a significant
elevation (P<0.05) in Ligilactobacillus and numerically
profound increase in Lactobacillus and Ruminococcus as
compared to Con-N. Overall, consistent with the
variations seen at the phylum level, LPS challenge and
EBM administration also produced notable shifts in gut
microflora composition at genus level.

a-diversity was assessed for the evaluation of
microbial community richness and diversity. Shannon
index showed changes in gut microbial a-diversity across
all groups (Fig. 5 Cl). The highest diversity was
displayed by Con-N group, whereas LPS exposure (LPS-
N) shifted microbial diversity, reflecting the
reconstruction of the gut microbiota. Notably, a
significant distinction (P<0.05) was observed between
Con-N and LPS-H groups, demonstrating that high dose
of EBM markedly shifted the overall microbial diversity
toward the normal ecosystem after the alterations were
caused by LPS, while the Simpson index (Fig. 5 C2)
displayed a marked difference between LPS-H and Con-
N groups (P<0.05) indicating that EBM high dose under
LPS challenge produced a difference in community
evenness without altering overall diversity. No significant
difference was seen in Chaol, Ace Index and PD whole
tree. Moreover, beta (B)-diversity was measured using
Principal Coordinates Analysis (PCoA) and Principal
Component Analysis (PCA) based on Bray-Curtis
dissimilarity. PCoA (Fig. 5 DI1) showed significant
differentiation among groups, PERMANOVA (P=0.003),
suggesting that microbial community structures are
meaningfully different between groups. Similarly, PCA
(Fig. 5 D2) demonstrated stronger separation among
groups supported by ANOSIM (R=0.199, P<0.001).
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LEfSe analysis (Fig.5 E) indicated distinct enrichment
trends. The LPS group was enriched with taxa such as
Clostridiales, Clostridiaceae, Coriobacteriaceae, and
Atopobiaceae, which are often associated with intestinal
inflammation and dysbiosis. Conversely, the LPS group
receiving high dose of EBM was enriched with taxa
primarily affiliated with the Firmicutes phylum, including
Lactobacillaceae, Ligilactobacillus, and Lactobacillus.
Intermediate groups showed distinct enrichments of genera
such as Ruminococcus, Butyricimonas, Alloprevotella, and
Muribaculum.

Modulation of Short chain fatty acids (SCFAs): To
assess the impact of LPS and EBM on gut microbial

Acetic Acid

Pak Vet J, 2026, 46(9): 2205-2219.

metabolism, SCFAs content including concentrations of
acetic, butyric and propionic acids were measured (Fig. 6
A-C). One-way ANOVA revealed significant overall
treatment effects for acetic acid and butyric acid (both
P<0.0001), whereas propionic acid showed no significant
overall difference among groups. Whereas, post hoc
comparisons showed that LPS significantly decreased
acetic and butyric acid levels in LPS-N in comparison to
Con-N (P<0.05). In contrast co-administration of EBM in
LPS-H group resulted in marked prevention (P<0.05) in
the reductions of these two acids relative to LPS-N.
Furthermore, no pairwise significant difference was seen in
propionic acid.
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Correlation between gut bacterial genera and SCFAs:
Spearman correlation test (Fig. 6 D) was conducted to
evaluate the relationships between the microbiota genera
and SCFAs levels. Overall, several genera showed notable
positive or negative correlations with SCFA levels,
indicating their potential roles in SCFA production in gut.

Among the taxa, Ligilactobacillus, Herbinix,
Jeotgalicoccus, unclassified Firmicutes, unclassified
Erysipelotrichaceae  and  Lachnospiraceae UCG-006
showed moderate positive correlations (p = 0.25-0.40),
with acetic, propionic, and butyric acids, indicating their
potential roles in SCFA production. In addition, moderate
positive associations were also seen for Jeotgalicoccus and
Mammaliicoccus (p = 0.20-0.30), indicating their
supportive role in SCFA production. In contrast, bacterial
taxa including Bilophila, Rikenella, Sporosarcina,
Desulfovibrio, Tyzerella, and Romboutsia showed negative
correlations with SCFAs.

DISCUSSION

The biological properties of medicinal plants are
mostly evaluated by their phytochemical profiling to
understand their pharmacological activities (Yu et al.,
2021). UPLC-HRMS/MS has been extensively used for
phytochemical characterization because of its high
sensitivity and ability to differentiate structurally similar
constituents (Yao et al., 2026). In the current study, UPLC-
Orbitrap-MS/MS confirmed that EBM has a flavonoid-rich
phytochemical composition, with the identification of
characteristic constituents such as icariin, icariside I,

icaritin, epimedins and their derivatives, accompanied by
numerous phenolic compounds. These findings are in
consistency with previous reports describing flavonoids as
the major bioactive constituents of EBM (Ma et al., 2011;
Qin et al., 2022).

The administration of LPS is a well-established
method to induce intestinal inflammation in experimental
mice models (Biasizzo et al., 2021), characterized by
compromised intestinal integrity (Zhao et al, 2021).
Mechanistically, LPS impairs colon epithelial barrier by
activation of TLR4 on epithelial and immune cells,
triggering NF-kB signaling and releasing pro-
inflammatory cytokines. This cascade results into an
increased permeability and leukocyte infiltration into
lamina propria and submucosa which can clearly be seen
in H&E staining (Guo et al., 2013; Zou et al., 2022). The
histopathology seen in our LPS challenged mice is in
alignment with these mechanisms, confirming successful
induction of intestinal inflammation and epithelial barrier
injury. Conversely, co-administration of EBM prevented
the histopathological changes induced by LPS. EBM
administration preserved the architecture of the colon
characterized by an intact epithelial lining, reduced
infiltration of leukocytes in a dose dependent trend. The
histological protection seen in our findings aligns with
study by Zhao et al. (2025) who presented that EBM
protects histopathology and mucosal integrity in colitis.
Similarly, icariin has been seen to inhibit TLR4-NF-«xB
activation, thereby inhibiting LPS induced gut barrier

damage, and preserve barrier function (Xiong et al.,
2019).
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Key cytokines involved in inflammation, namely
TNF-o and IL-6, are the markers of LPS-triggered
intestinal inflammatory conditions (Cavaillon, 2001; Sun et
al., 2021). Prior studies have evaluated EBM or their
constituents mostly as therapeutic interventions where they
consistently reduced TNF-a and IL-6 (Yuk ef al., 2010;
Huang et al., 2018). Building upon this framework, we
designed this study to evaluate the preventive potential of
EBM under persistent inflammatory challenge. In
consistency with the previous studies, LPS exposure
significantly elevated 7NF-o and IL-6 mRNA levels. In
contrast, co-administration of EBM profoundly suppressed
this transcriptional elevation dose dependently. The high
dose markedly prevented the elevation of both cytokines,
while the low dose also notably suppressed TNF-a
expression and demonstrated a declining trend in /L-6
levels, indicating the protective potential of EBM against
LPS-induced cytokine activation. These results were
further validated by Western blot analysis, where LPS
exposure markedly elevated the protein expressions of
TNF-o and IL-6, and EMB co-administration was linked to
a dose-dependent prevention in the expression levels of
these proteins. High dose exhibited the highest reductions
in TNF-o and IL-6.

The integrity of gut barrier is preserved by TJs which
are the key structural components of the intestinal
epithelium (Tian et al, 2026). These TJs are mainly
composed of ZO-1, claudin-1 and occludin proteins (Wang
et al., 2021). LPS induced inflammatory stimulations
impairs TJ proteins through TNF-a and IL-6 mediated
upregulation of MLCK (myosin light chain kinase). This
kinase phosphorylates MLC, leading to actomyosin
contraction. Consequently, ZO-1 claudin-1, and occludin
dislodge from the membrane (Turner, 2009; Li et al.,
2021a), and subsequent impairment of intestinal barrier
(Pastorelli ef al., 2013). In alignment with earlier studies,
our study demonstrated that exposure of LPS markedly
declined the mRNA and protein concentrations of all three
TJ proteins. EBM co-administration prevented this
downregulation in gene expression in a clear dose
dependent trend, with the high dose displaying the
strongest effect ZO-1 (P<0.001), claudin-1 (P<0.01), and
occludin (P<0.0001). Moreover, these transcriptional
patterns followed the same pattern at the protein expression
level, where high dose of EBM co-administration produced
the strongest rescue followed by low dose of EBM (LPS-
L). To our knowledge, no previous study has investigated
the preservation of TJ proteins under chronic inflammatory
conditions. However, flavonoids specifically icariin has
demonstrated the enhancement of TJ proteins expression
and barrier integrity, supporting our findings. In this regard,
it was seen that icariin improved gut barrier integrity by
upregulating expressions of TJ proteins namely ZO-1,
claudin-1 and occludin (Zhang et al., 2023). Another, study
demonstrated that icariin from EBM alleviates LPS-
induced gut barrier impairment by upregulating these TJ
proteins (Xiong et al., 2020; Li et al., 2022). Together,
these findings suggest that EBM exerts gut barrier
protective effects that are associated with preservation of
TJ protein expression during inflammatory stress.

The gut microbiota is crucial for modulating
inflammatory cytokines and maintaining TJ proteins
(Yadav and Jha, 2019). Anti-inflammatory and gut barrier

Pak Vet J, 2026, 46(9): 2205-2219.

protecting taxa such as Lactobacillus, Ligilactobacillus,
Alistipes and Ruminococcus, together with broader phylum
Firmicutes suppress TNF-a and IL-6 and preserve TJ
proteins by potentially suppressing TLR4-NF-xB
signaling through their metabolites (Yan and Polk, 2020;
Lin et al., 2025; Yu et al., 2025). In contrast, LPS disrupts
microbial balance by promoting the expansion of phyla
such as Proteobacteria and Deferribacterota and by
increasing genera such as Desulfovibrio and Bilophila,
which aggravate inflammation and damage barrier integrity
(Feng et al., 2017; Zhang et al., 2023b). This change is
accompanied by a notable loss of beneficial Firmicutes,
Lactobacillus and Ruminococcus, a typical pattern of LPS-
associated inflammatory dysbiosis (Xie et al., 2019). Our
findings displayed the same microbial dysbiosis,
confirming successful establishment of LPS-linked
inflammatory microbial imbalance. Conversely, co-
administration of EBM prevented these LPS-associated
alterations by restraining the enrichment of inflammation-
linked taxa while maintaining the beneficial populations in
a dose dependent manner. High dose of EBM most
effectively restricted the expansion of Proteobacteria,
Deferribacterota, and the genera Desulfovibrio and
Bilophila, while concurrently increasing Firmicutes,
Alistipes and Ligilactobacillus. Whereas, EBM low dose
also mitigated dysbiosis, particularly increasing
abundances of Lactobacillus and Ruminococcus and
preventing the expansion of Desulfobacterota. These dose
dependent trends are in alignment with the biphasic
responses usually seen with polyphenolic extracts (Louis et
al., 2014). Although, studies of EBM on gut microbiota
remains limited, yet there are evidences from its
constituents. Epimedium folium which refers to the same
plant material, show results which are in alignment with
our study context. Notably, Epimedium folium increased
Lactobacillus while reducing Proteobacteria (Ma et al.,
2024). Additionally, icariin demonstrated similar results
with increased the Firmicutes (Wang et al., 2022) and
decreased Desulfovibrio and Bilophila (Li et al., 2021b).
Moreover, icariside I, demonstrated the same gut
modulatory properties by elevating the Lactobacillus and
decreasing the harmful bacteria (Chen et al, 2021).
Furthermore, the significant differences at community
level (o and B diversity) analysis validated the findings that
LPS restructured the microbial ecosystem and high dose of
EBM maintained the structure toward that seen in control
group. The B-diversity analysis also strengthened these
findings where clear separation among groups in both
PCoA and PCA shows that EBM produces shifts in overall
community structure, not only changes in individual taxa.
SCFAs such as acetate, butyrate and propionate are the
dominant fermentation products of Firmicutes and other
saccharolytic taxa (Tan et al., 2014; Javier et al., 2016).
These metabolites suppress cytokines through activation of
the GPR41/GPR43 receptors located on intestinal epithelial
cells, which have been reported to modulate NF-«xB
signaling and support TJ proteins integrity (Kim et al.,
2013). LPS-induced inflammatory conditions disrupt the
fermentative bacterial communities, which results in a
sharp decline in SCFA output (Kroon et al., 2025). In
consistency with these reports, we also found that all three
SCFAs were markedly reduced under the LPS exposure,
parallel to reduction in fermentative bacteria as discussed



2218

earlier. EBM prevented this LPS-triggered reduction in a
clear dose dependent trend. The high dose not only
maintained SCFAs but also exceeded baseline levels,
demonstrating enhanced fermentation potential despite
inflammatory stress. This effect is in consistency with the
known properties of EBM flavonoids such as ICA and
icariside I, which increase SCFAs through the enrichment
of saccharolytic bacteria (Zhang ef al., 2023a; Luo et al.,
2025). Our correlation analysis between bacterial
community structure and SCFA further validated this
interpretation. Genera with well-known fermentative
activity such as Ligilactobacillus, Ruminococcus and
members of Lachnospiraceae displayed positive
correlations with all three SCFAs. Furthermore, positive
correlations for Jeotgalicoccus and Mammaliicoccus
indicate potential auxiliary contributions. On the other
hand, inflammation-linked taxa, including Desulfovibrio
and Bilophila, were negatively correlated. These patterns
indicate that EBM preserves SCFA production by
maintaining a microbiota composition that favors
fermentation rather than inflammation.

Conclusions: In this study we found that EBM has
preventive effects against LPS induced intestinal
inflammatory injury and barrier impairment. Preventive
EBM administration suppressed inflammatory response and
preserved tight junction proteins under sustained
inflammatory challenge. These protective effects are linked
to its ability to maintain gut microbiota composition and
sustain SCFAs production, both of which are key regulators
of cytokine signaling and barrier integrity. Taken together,
our findings demonstrate that EBM effectively protects
intestinal homeostasis under inflammatory conditions during
under inflammatory stress.
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