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Abstract

Background: Oxidative stress (OS) adversely affects the intestinal health and mucosal barrier function in dairy cows. Glabridin
(Glab), a natural flavonoid derived from licorice, has been shown to mitigate stress-related damage due to its antioxidant properties.
Aims: This study aims to assess the impact of Glab on OS-induced damage in the bovine immortalized cell line (BIECs-21), validate
its effectiveness in vivo, and elucidate the underlying mechanisms. Methods: The in vitro OS model of BIECs-21 was established
using 400 uM H20:. The study evaluated cell viability, lactate dehydrogenase (LDH) activity, oxidative markers, inflammatory
responses, and apoptosis in BIECs-21 under various treatment conditions. Additionally, the effects of Glab were investigated in a
murine model of experimental colitis induced by dextran sulfate sodium (DSS). Results: Glab improved cell viability, reduced LDH
release, and mitigated the adverse effects of H2O: on total anti-oxidation capacity (T-AOC), superoxide dismutase (SOD),
glutathione (GSH), and malondialdehyde (MDA) levels. qRT-PCR analysis revealed that H>O2 exposure resulted in decreased
expression of nuclear factor erythroid 2-related factor 2 (Nrf2), superoxide dismutase 1 (SOD1), NADPH quinine oxidoreductase-1
(NQO1), and heme oxygenase-1 (HO-1), while it increased the expression of nuclear factor-kappa B (NF-«xB), tumor necrosis factor-
o (TNF-a), interleukin-6 (IL-6), and interleukin-8 (IL-8), ultimately leading to apoptosis in BIECs-21. Notably, Glab supplementation
partially reversed these effects. Similar benefits of Glab were observed in a DSS-induced colitis mouse model. Conclusion: Glab
reduces OS-induced apoptosis in vitro and in vivo by enhancing antioxidant capacity and reducing inflammation.
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Introduction

Reactive oxygen species (ROS) are byproducts of
aerobic metabolism with positive effects on cells and the
immune system at low to moderate levels, but excessive
production can induce oxidative stress (OS) and pro-
inflammatory responses, resulting in lipid peroxidation,
protein oxidation, and DNA damage (Kong et al., 2018).
These detrimental effects are significant contributors to
the development of diseases. Lactation initiation,
parturition, and late pregnancy metabolic demands in
dairy cows are expected to induce an elevation in the
production of ROS, consequently resulting in OS (Qiao
et al., 2024). This, in turn, may have detrimental effects
on the cows’ overall welfare, milk production,
reproductive and ultimately performance, and ultimately
leads to a decrease in the profitability of the dairy
industry (Surai et al., 2019). The intestines, as the largest
organ of the immune system, play a crucial role in
digestion, nutrient absorption, and pathogen defense
(Choi et al., 2022). Given its high metabolic rate, the
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intestine is vulnerable to OS, which can cause damage to
the intestinal epithelial barrier, leading to pathogenic
bacterial invasion and inflammation (Lin et al., 2020).
Intestinal epithelial cells are essential to maintaining the
intestinal barrier (Qiu et al., 2021), so it’s necessary to
identify an effective approach to alleviate OS-induced
damage in bovine intestinal epithelial cells (BIECs).

The level of OS depends on the balance between
ROS production and antioxidant defenses. Medicinal
plants’ flavonoids may alleviate OS by regulating
antioxidant defense (Sun et al., 2017). Glabridin (Glab)
is a flavonoid compound extracted from licorice
(Glycyrrhiza glabra) with antioxidant and anti-
inflammatory properties (Simmler et al., 2013). Prior
research has established that oral administration of Glab
safeguards low-density lipoprotein from oxidation
(Carmeli and Fogelman, 2009). The protective effects of
Glab on chondrocytes from OS and apoptosis, as well as
its promotion of mTOR-mediated autophagy, have been
shown to inhibit the development of osteoarthritis in rats
(Dai et al., 2021). Additionally, Glab has been
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demonstrated to alleviate carbon tetrachloride-induced
inflammation and OS in mice (Zhang et al., 2022).
Nevertheless, the potential regulatory effect of Glab on
OS in BIECs remains to be elucidated.

This study investigated Glab’s ability to mitigate
oxidative damage in BIECs-21 and assessed the in vivo
effects in a mouse model of dextran sodium sulfate
(DSS)-induced colitis. Additionally, the underlying
mechanisms were explored. Our findings will support
new dietary strategies to protect dairy cows from the
adverse effects of OS.

Materials and Methods

Ethical statement

This study was approved by the Experimental
Animals Committee of Henan University of Science and
Technology (approval No.: 2023086). The code of ethics
complies with European Commission standards.

Screening the optimal concentration of H,O; and
Glab

The bovine immortalized cell line (BIECs-21) was
chosen for in vitro studies and cultured as described by
Meng et al. (2023). Upon reaching 80% confluence,
H,0, was applied to the cells at different concentrations
for 4 h (0, 200, 400, 600, 800, and 1000 uM), or treated
with varying concentrations of Glab (0, 0.01, 0.1, 1, 5,
and 10 puM) for 24 h (each with six replicas). Post-
treatment, the medium was replaced with fresh medium
containing 10% cell counting kit-8 reagent (CCK-8;
Solarbio, Beijing, China) and incubated at 37°C for 2 h.
Absorbance at 450 nm was measured using a Thermo
Fisher microplate reader (Waltham, MA, USA), and cell
viability was calculated using the formula:

V1ab111ty (%) = [(Asamplc - Ablank)/(Acontrol - Ablank)] X 100

where,
A: The average absorbance at 450 nm

Experimental grouping

When the cells reached 70-80% confluence, they
were divided into four groups (each with six replicas):
(1) Complete medium-incubated control cells
(2) Glab group incubated with 0.1 pmol/L of Glab
(3) OS group incubated with complete medium for 20 h
followed by 4 h with 400 umol/L of H,O»
(4) Glab+OS group incubated with 0.1 pmol/L of Glab
for 20 h followed by 4 h with 400 umol/L of H,0,

Effect of Glab on viability and lactate
dehydrogenase (LDH) activity of BIECs-21
subjected to OS

Cells were seeded at 2x10° per well in 96-well plates,
and viability was measured using the CCK-8 assay with
absorbance read at 450 nm. BIECs-21 were seeded at 4 x
103 cells per well in 6-well plates, and LDH activity in
the supernatants was measured using a commercially
available kit (Nanjing Jiancheng Bioengineering Inst.,

Nanjing, China) following the manufacturer’s directions.
Apoptosis assay with Annexin V-
FITC/Propidium Iodide (PI)

Cells were seeded at 4 x 10° per well in 6-well plates.
Apoptosis was assessed with an Annexin V-FITC/PI
staining kit (TransGen Biotech, Beijing, China). After
collection and washing with cold PBS, cells were re-
suspended in 100 pL Annexin V Binding Buffer, stained
with 5 pL each of Annexin V-FITC and PI, and
incubated for 15 min in the dark. Then, 400 pL of
Annexin V Binding Buffer was added. The cells were
observed and photographed using an inverted
fluorescence microscope (Olympus, Tokyo, Japan).

Effect of Glab on oxidation-related indexes in
BIECs-21 subjected to OS

BIECs-21 were seeded at 4 x 10° cells/well in 6-well
plates. The cell lysate was collected, and the levels of
glutathione (GSH), total antioxidant capacity (T-AOC),
malondialdehyde (MDA), and superoxide dismutase
(SOD) activity were measured using commercially
available kits (Nanjing Jiancheng Bioengineering Inst.,
Nanjing, China).

Gene expression analysis by quantitative RT-
PCR (qRT-PCR)

Total RNA was extracted using TRIzol reagent
(Solarbio, Beijing, China). The concentration and purity
were evaluated wusing a Nanodrop ND-2000
spectrophotometer (Thermo Fisher Scientific,
Wilmington, NC, USA). The RNA underwent reverse
transcription into cDNA with the HiScript III RT
SuperMix 100 for qPCR (+gDNA wiper) kit (Vazyme,
Nanjing, China). qRT-PCR was performed using the
ChamQ Universal SYBR qPCR Master Mix kit
(Vazyme, Nanjing, China). B-actin was used as the
internal reference gene, and the relative mRNA
expression levels were calculated using the 2724%
method. Primer sequences and PCR product sizes are
listed in Table 1.

Experimental grouping of animals

Female Kunming mice (6-8 weeks old, 20.0+2.0 g)
were obtained from Luoyang Frontier Biotechnology Co.
The mice were housed in plastic cages (12 h dark/light
cycle) with standard pellet diets and fed water freely.
Following a week of acclimatization, they were used for
the experiments. Four groups of mice were randomly
assigned as described below (each with six replicas). We
examined the effects of Glab on mice with experimental
colitis induced by DSS (Sotillo et al., 2017). Glab was
administered via oral gavage at a fixed daily time. The
treatment protocols were as follows: control group, Glab
group (20 mg/kg/day for 7 days), DSS group (normal
water for 7 days followed by 3.5% DSS for 7 days), and
Glab+DSS group (20 mg/kg/day Glab for 7 days
followed by 3.5% DSS for 7 days). At the end of the
experiment, the mice with colitis developed fecal blood.
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Table 1: Primer sequences and amplicon sizes for gqRT-PCR in BIECs-21

Gene Accession No. Primer sequence (5'—3") Length (bp)

Nrf2 NM-001011678.2 F': AGCCTCAAAGCACCGTCC 87
R: ATCAAATCCATGTCCTGCTGGG

SOD1 NM-174615.2 F: CACCATCCACTTCGAGGCAA 126
R: GCACTGGTACAGCCTTGTGT

NQO1 NM-001034535.1 F: CTCTGGCCAATTCAGAGTGG 87
R: GGGAGTGTGCCCAATGCTAT

HO-1 NM-001014912.1 F: ATCGACCCCACACCTACACA 189
R: GACGCCATCACCAGCTTAAAAC

NF-«B BC133594.1 F: GAGGACATTCAGAGGGCAGG 192
R: CGGCTTTGATGGGTCATCCT

TNF-o. NM-173966.3 F: TGCCTTGGCTCAGATGTGTT 181
R: GAGCGGAGGTTCAGTGATGT

IL-6 NM-173923.2 F: TTCACAAGCGCCTTCACTCC 165
R: GCGCTTAATGAGAGCTTCGG

IL-8 JN559767.1 F: CGAGGTCTGCTTAAACCC 197
R: CCCACACAGTACATGAGGC

Bax NM-173894.1 F: GGCCCTTTTGCTTCAGGGT 181
R: CACAGCTGCGATCATCCTCT

Bcl-2 NM-001166486.1 F: TGGCCTTCTTTGAGTTCGGAG 164
R: ATACAGCTCCACAAAGGCGTC

Cas-9 NM-001205504.2 F: AGAGACTCGAGGGAGTCAGG 127
R: CGGCTTTGATGGGTCATCC

Cas-3 XM-019953295.1 F': AGTCAGTCAGTTGGGCACTC 146
R: CACACCCGTAGCTGTGAAGA

p-actin NM-173979.3 F: CCGCAACCAGTTCGCCAT 216
R: AGGGTCAGGATGCCTCTCTT

Table 2: The sequences of mouse primers for gRT-PCR

Gene Accession No. Primer sequence (5'—3") Length (bp)

Nrf2 NM-010902.5 F: AGCGACAGAAGGACTATGAGC 297
R: TATCCAGGGCAAGCGACTCA

SOD1 NM-011434.2 F: GTCCGTCGGCTTCTCGICTT 154
R: TTCACCGCTTGCCTTCTGCT

NQO1 NM-008706.5 F: CTACGCCATGAAGGAGGCTG 263
R: ACCACTGCAATGGGAACTGAAA

HO-1 NM-010442.2 F: GCCTCCAGAGTTTCCGCATA 275
R: AGGAAGCCATCACCAGCTTAAA

NF-«xB AF069542.1 F: AAGGCCCAGGCGGATATCTA 156
R: AATCCTGGCTGACTCATGGC

TNF-a NM-001278601.1 F: CCCTCACACTCACAAACCAC 133
R: ACAAGGTACAACCCATCGGC

IL-6 NM-001314054.1 F: GACAAAGCCAGAGTCCTTCAGA 76
R: TGTGACTCCAGCTTATCTCTTGG

1L-8 NM-011339.2 F: CTAGGCATCTTCGTCCGTCC 282
R: CAGAAGCTTCATTGCCGGTG

Bax NM-007527.4 F: ATGGAGCTGCAGAGGATGAT 254
R: CAGCCACCCTGGTCTTGGA

Bcl-2 NM-009741.5 F: CGTCGTGACTTCGCAGAGAT 279
R: TAGTTCCACAAAGGCATCCCAG

Cas-9 NM-015733.5 F: GGGAAGCCCAAGCTCTTCTT 234
R:
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Cas-3 NM-001284409.1 F: GAGCTTGGAACGGTACGCTA 224
R: GCGAGATGACATTCCAGTGC
/)’—actin AY618569.1 F: AGCTGAGAGGGAAATCGTGC 106
R: CTTCTCCAGGGAGGAAGAGGA
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Fig. 1: Effect of (A) H2O2 and (B) Glab on the viability of BIECs-21. Data are mean+SEM (n=6), and different letters indicate

significant differences (P<0.05)

Following the anesthesia with isoflurane, colon samples
were collected and frozen at -80°C. All experimental
procedures were conducted in accordance with the
institutional ethical guidelines.

qRT-PCR analysis of tissue gene expression

As mentioned earlier, qRT-PCR was used to detect
gene expression in mouse colon tissue. PCR primer
sequences and product sizes are listed in Table 2.

Statistical analysis

Data were presented as meantSEM. Comparisons
between groups were conducted using IBM SPSS 19.0
software, and the results were presented graphically
using GraphPad Prism 8.0. One-way ANOVA with
Duncan test was used to analyze the effects of varying
concentrations of H>O, and Glab on cell activity. The
Student’s t-test was used for other indicators. P<0.05
indicates a significant statistical difference.

Results

The optimal concentration of H,O; and Glab

The viability of cells decreased dose-dependently as
shown in Fig. 1A. Notably, a significant reduction of
approximately 50% in cell viability was observed at 400
uM. In Fig. 1B, cell viability was higher at 0.01-1 uM
but lower at 5-10 uM compared to the control group. The
0.1 uM Glab group had the highest cell viability.

Effect of Glab on viability and LDH activity of
BIECs-21 subjected to OS

Figure 2A shows no significant difference between
the Glab and control groups for cell viability (P>0.05),

while the OS group had significantly reduced -cell
viability (P<0.001). The viability of the Glab+OS group
was significantly higher than the OS group (P<0.01). In
Fig. 2B, there was no significant difference in LDH
activity between the Glab and control group (P>0.05),
but the OS group activity was significantly higher than
control (P<0.001). The Glab+OS group had lower LDH
activity than the OS group (P<0.05).

Effect of Glab on apoptosis of BIECs-21
subjected to OS

In Fig. 3, the control group had few Annexin V-FITC
and Pl-positive cells, while the OS group had
significantly more. The Glab+OS group had fewer
positive cells compared to the OS group.

Effect of Glab on oxidation-related indexes of
BIECs-21 subjected to OS

As depicted in Fig. 4, the Glab group had higher
antioxidant levels and lower MDA levels compared to
the control group. BIECs-21 under OS had decreased
antioxidant levels and increased MDA levels. The
Glab+OS group had higher antioxidant levels and lower
MDA levels compared to the OS group.

Effect of Glab on the expression of antioxidation
genes

Table 3 indicates that the Glab group had
significantly higher mRNA levels of nuclear factor
erythroid 2-related factor 2 (Nrf2; P<0.05), superoxide
dismutase 1 (SODI1; P<0.001) and heme oxygenase-1
(HO-1; P<0.001) compared to the control, Glab had no
significant effect on NADPH quinine oxidoreductase-1
(NQO1; P>0.05). Conversely, the expression levels of
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these genes were significantly lower in the OS group. compared to the control, while the DSS group had
The Glab+OS group showed a significant increase in significantly decreased levels of NQO1, HO-1. The
Nrf2, NQO1, and HO-1 expression compared to the OS Glab+DSS group demonstrated significantly higher
group. Table 4 shows that the Glab group mice exhibited expression levels of Nrf2, SOD1 and NQO1 when
a significantly higher expression of Nrf2, NQOI compared to the DSS group.
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Fig. 2: Effect of (A) Glab on viability and (B) LDH activity of BIECs-21 subjected to OS. Data are mean+SEM (n=6). The Glab
group and the OS group were compared with the control (* P<0.05, ** P<0.01, *** P<0.001). Additionally, we compared the
Glab+0S and the OS groups (# P<0.05, ## P<0.01, ### P<0.001)
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OS Con
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50pm

Fig. 3: Effect of Glab on apoptosis of BIECs-21 subjected to OS. The green spots correspond to Annexin V-FITC+ cells, whereas the
red spots correspond to PI+ cells, (scale bar, 50 pm)
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Fig. 4: Effect of Glab on oxidation-related indexes in BIECs-21 subjected to OS. (A) SOD: superoxide dismutase, (B) GSH:
glutathione, (C) T-AOC: total antioxidant capacity, and (D) MDA: malondialdehyde. Data are mean+SEM (n=6). The Glab group
and the OS group were compared with the control (* P<0.05, ** P<0.01, *** P<(0.001). Additionally, we compared the Glab+OS and
the OS groups (# P<0.05, ## P<0.01, ### P<0.001)

Table 3: Effect of Glab on gene expression in BIECs-21 subjected to OS

Item Con Glab oS Glab+0OS
Nrf2 1.00+0.04 1.11+0.02" 0.50+0.02™ 0.85+0.02##
SOD1 1.00£0.03 1.41+0.05" 0.89+0.02" 0.97+0.02
NQO1 1.00£0.02 1.0620.01 0.46+0.01"" 0.67+0.07*
HO-1 1.00£0.02 1.25+0.03" 0.58+0.01"" 1.09+0.01##
NF-kB 1.03+£0.11 0.75+£0.04 1.25+0.05 0.84+0.04**
TNF-a 1.00+0.06 0.61+0.08" 1.10+0.07 0.69+0.12*
IL-6 1.00+0.04 0.86+0.02 1.34+0.02" 0.73+0.01##
IL-8 1.00+0.02 0.79+0.01"* 1.1240.02* 0.96+0.04*
Bax 1.00+0.06 0.96+0.02 1.2240.01* 0.87+0.01##
Bcl-2 1.02+0.11 1.18+0.15 0.67+0.05" 1.31+0.05%#*
Cas-9 1.00£0.02 0.85+0.03" 1.45+0.07 0.63+0.04*#*
Cas-3 1.01+0.05 0.94+0.03 1.61+0.04™ 1.16+0.03##
Bcl-2/Bax 1.02+0.13 1.224+0.14 0.55+0.04™ 1.50+0.06*#

Data are mean+SEM (n=6). The Glab group and the OS group were compared with the control (* P<0.05, ** P<0.01, *** P<0.001).
Additionally, we compared the Glab+OS and the OS groups (# P<0.05, ## P<0.01, ### P<0.001)

Table 4: Effect of Glab on gene expression in DSS-induced colitis mice

Item Con Glab DSS Glab+DSS
Nrf2 1.03+0.16 1.99+0.18" 0.73+£0.04 1.62+0.10%#
SOD1 1.04+0.19 1.71x0.16 0.64+0.01 1.82+0.03"#*
NQO1 1.01+0.09 1.38+0.06" 0.61+0.07" 1.37+0.10%

IJVR, 2025, Vol. 26, No. 3, Ser. No. 92, Pages 278-286



284 Iranian Journal of Veterinary Research, Shiraz University
HO-1 1.01+0.14 1.1740.06 0.52+0.03™ 0.65+0.10
NF-xB 1.01+0.09 0.86+0.08 1.39+0.09" 0.94+0.06%
TNF-a 1.03+0.15 0.72+0.05 1.57+0.06" 0.91+0.08%
IL-6 1.00+0.05 0.70+0.04" 1.64+0.05" 1.16+0.07%
IL-8 1.00+0.02 0.64+0.12 1.50+0.05™ 1.18+0.08*
Bax 1.04+0.12 0.73+£0.04 1.90+0.09" 0.77+0.08%
Bcl-2 1.00+0.06 1.10+0.05 0.64+0.04™ 1.2540.05%
Cas-9 1.02+0.12 0.80+0.14 1.58+0.10" 0.69+0.12%
Cas-3 1.03+0.16 0.72+0.11 1.55+0.09" 1.00+0.13*
Bcl-2/Bax 0.98+0.05 1.52+0.15" 0.34+0.03" 1.64+0.18%

Data are mean+SEM (n=6). The Glab group and the DSS group were compared with the control (* P<0.05, ** P<0.01, *** P<0.001).
Additionally, we compared the Glab+DSS and the DSS groups (# P<0.05, ## P<0.01, ### P<0.001)
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Fig. 5: Possible mechanism diagram of Glab reducing OS
damage (figure fodder by Figdraw). Glab reduces OS-induced
damage in BIECs-21 by activating Nrf2 and inhibiting NF-xB
signaling

Effect of Glab on expression of inflammatory
factors genes

Table 3 data indicates that the Glab group had
significantly lower levels of tumor necrosis factor-alpha
(TNF-a; P<0.05) and interleukin-8 (IL-8; P<0.001)
compared to control, Glab had no significant effect on
nuclear factor-kappa B (NF-xB) and interleukin-6 (/L-6).
Conversely, the expression levels of IL-6 and IL-8 were
significantly higher in the OS group. The Glab+OS
group showed significantly decreased levels compared to
the OS group. As shown in Table 4, the Glab group mice
exhibited a significantly lower expression of [L-6
compared to the control group, while the DSS group had
significantly increased levels of pro-inflammatory genes.
Pretreatment with Glab significantly lowered pro-
inflammatory gene expression compared to DSS
treatment alone.

Effect of Glab on the expression of apoptosis
genes

Table 3 indicates that the Glab group showed
significantly increased levels of Caspase-9 (Cas-9;
P<0.05) compared to control, Glab had no significant
effect on Bcl-2-associated X (Bax), Caspase-3 (Cas-3),

IJVR, 2025, Vol. 26, No. 3, Ser. No. 92, Pages 278-286

B-cell lymphoma-2 (Bcl-2), and Bcl-2/Bax ratio. The OS
group showed significantly increased levels of Bax, Cas-
3, and Cas-9, as well as significantly decreased levels of
Bcl-2 and Bcl-2/Bax ratio compared to the control. In the
Glab+0OS group, levels of Bax, Cas-3, and Cas-9 were
significantly lower than in the OS group, while levels of
Bcl-2 and the Bcl-2/Bax ratio were significantly higher.
Table 4 shows that Glab significantly increased the Bcl-
2/Bax ratio compared to the control. DSS treatment led
to significant upregulation of Bax, Cas-3, and Cas-9, and
significant downregulation of Bcl-2 and the Bax/Bcl-2
ratio. Compared to the DSS group, Bax, Cas-3, and Cas-
9 expression decreased significantly in the Glab+DSS
group, while Bcl-2 expression and the Bax/Bcl-2 ratio
increased significantly. The above results indicate that
Glab exhibits superior antioxidant and anti-inflammatory
characteristics, which can effectively reduce cellular
damage and inhibit apoptosis in vitro and in vivo. Figure
5 illustrates a possible mechanism.

Discussion

After 4 h of exposure to 400 uM H»0O,, BIECs-21
viability decreased by approximately 50%, in agreement
with previous research (Mei et al., 2021). Thus, this
concentration and duration were chosen to create an OS
model in vitro. Glab exhibited a beneficial impact on cell
viability at concentrations below 5 uM, with the highest
level observed at 0.1 pM, which was chosen for further
experiments.

Cell viability is an essential metric that indicates the
normal proliferation of cells under specific conditions.
The present investigation observed a significant
reduction in cell viability after subjecting BIECs-21 to a
4 h incubation with 400 uM H,O,. Nevertheless, pre-
treatment with 0.1 uM Glab effectively mitigated this
decline, indicating a substantial improvement in the
overall state of the cell. Excessive ROS production
induces cell damage and death, releasing LDH into the
cell culture (Wesdorp et al., 2023). This study found that
pretreatment with Glab led to a decrease in LDH activity
compared to the OS group, suggesting a potential
protective effect against OS-induced membrane damage.

The cellular antioxidant defense system, including
SOD and GSH, is essential for detoxifying ROS and
maintaining cellular function (Jiang et al., 2021).
Previous studies revealed that licorice’s total flavonoids
exhibit anti-lipid peroxidation properties, leading to a
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reduction in MDA production (Gao et al., 2022).
Additionally, the supplementation of licorice flavonoids
in the diet of mice was found to elevate the levels of T-
AOQOC in both blood and liver tissue (Du et al., 2022).
This study indicated that pretreatment with Glab resulted
in elevated SOD activity, GSH levels, T-AOC levels, and
decreased MDA levels compared to the OS group,
suggesting that Glab enhances antioxidant capacity and
alleviates the extent of OS-induced injury.

The cytoplasmic kelch-like ECH-associated protein 1
(Keapl) binds to Nrf2 to regulate oxidative balance.
When OS occurs, Nrf2 moves to the nucleus to activate
antioxidant genes, preventing ROS accumulation (Koh et
al., 2018). However, excessive OS can result in oxidative
damage to intracellular biomolecules, aberrant gene
expression, DNA structural alterations, and disruption of
essential intercellular signaling pathways (Zheng et al.,
2022). OS suppressed Nrf2 and its target genes, but Glab
pretreatment reversed this effect, indicating Glab’s
protective role against OS by regulating anti-oxidative
gene expression. Studies have shown that oral
administration of Glab at doses ranging from 5 to 20
mg/kg protects the liver from paracetamol-induced
damage (Bhatt et al., 2022). The use of 20 and 30 mg/kg
effectively alleviated pulmonary dysfunction and
inflammation in an asthma mouse model (Dogan e al.,
2020). During this study, the oral dose was set at 20
mg/kg/day. DSS can compromise the intestinal epithelial
barrier, allowing antigens and microbes to penetrate the
mucosa, thereby activating an inflammatory response
(Chao et al., 2020). Emerging evidence indicates that
inflammation triggers OS by enhancing ROS generation
(Shao et al., 2023). Consequently, a mouse model of
experimental colitis induced by DSS was used to
evaluate the efficacy of Glab in vivo. Our findings
demonstrated that Glab possesses the ability to increase
the antioxidant capacity of intestinal cells during the
inflammatory state.

NF-xB is one of the most important transcription
factors involved in inflammation. Under normal
conditions, inactive NF-xB 1is sequestered in the
cytoplasm by binding to IxB proteins (Wang et al.,
2020). Elevated levels of ROS can trigger NF-«xB
phosphorylation, facilitating its nuclear translocation,
where it transcribes pro-inflammatory genes (Leathem et
al., 2022). Studies have found that Licorice flavone can
reduce inflammation by affecting the NF-kB/MAPK
pathway (Shawky et al, 2020). In this study,
pretreatment with Glab reduced the expression of NF-xB
and inflammatory genes in BIECs-21 exposed to OS.
These findings suggest that Glab possesses the ability to
suppress inflammatory responses triggered by OS. In
vitro experiments demonstrated that Glab inhibits the
NF-xB signaling pathway and improves symptoms of
mice with DSS-induced colitis.

Furthermore, excessive accumulation of ROS can
disrupt cell structure and function, ultimately
culminating in apoptotic cell death, thereby triggering
cell loss and inducing tissue injury (Jafri and Kumar,
2014). Bcl-2 and Bax proteins control mitochondrial

membrane permeability, influencing apoptosis initiation
by regulating cytochrome c release (Kim et al., 2021).
Bax increases membrane permeability, allowing
cytochrome c to enter the cytosol and trigger caspase
activation, leading to cell death (Yang et al., 2015). Bcl-2
has the opposite effect, indicating resistance or
susceptibility to apoptosis based on its levels compared
to Bax. In this study, notable upregulation of Bax, Cas-3,
and Cas-9 expression was observed in the BIECs-21 OS
model, while the levels of Bcl-2 genes and Bcl-2/Bax
ratio showed a decline. Notably, Glab effectively
mitigated apoptosis induced by OS. qRT-PCR results
were supported by Annexin V-FITC/PI staining.
Inflammation progression leads to OS and causes
apoptosis through more direct mechanisms (Ni e al.,
2015). We found that Glab had a protective effect on
intestinal cell apoptosis in colitis induced by DSS in
mice by increasing anti-apoptotic genes and decreasing
pro-apoptotic genes.

The findings of this study demonstrate Glab’s
efficacy in reducing oxidative damage to BIECs-21,
which may be due to the augmentation of antioxidant
capabilities and modulation of inflammatory cytokine
production. Additionally, Glab exhibits a beneficial
impact on antioxidant levels in a murine model of colitis.
Thus, Glab may be a promising dietary supplement for
preventing and mitigating OS-induced intestinal damage.
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