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Herbal products are considered important medicinal sources in both traditional
medicine and modern pharmacology. Our study examined the lung-protective and anti-
inflammatory properties of the herbal formulation in alipopolysaccharide (LPS)induced model
of acute lung injury. Non-cytotoxic concentrations in cells were evaluated in vitrousing the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and analysis of
nitric oxide (NO) production. In our invive study, acute lung inflammation was induced in
experimental animals by LPS. Treatment with the herbal formulation notably decreased NO
production, increased superoxide dismutase (SOD) levels, and reduced the protein levels of
tumor necrosis factor-alpha (TNF-a) and high-mobility group box 1 (HMGB1). Furthermore,
histopathological studies confirmed its protective effects against LPS-induced lung inflammation.
Molecular docking revealed that glycyrrhizic acid and inulin interact strongly with TNF-a and
HMGB1 proteins, supporting their potential to mediate the observed anti-inflammatory effects.
In conclusion, the herbal formulation demonstrates anti-inflammatory and lung-protective
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properties, suggesting its potential efficacy in mitigating LPS-induced acute lung injury.
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Plant-derived medicinal preparations play
a significant role in both traditional medicine and
the modern pharmaceutical industry.! According
to the World Health Organization report, over
25% of medicines used worldwide are derived

from plant-based substances, and they continue to
serve as a source for many new drug molecules.?
In the present study, the herbal formulation under
investigation contains Glycyrrhiza uralensis, Fisch.
Ex DC (G.uralensis), Rosa acicularis Lindl. and
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Inula helenium L. The composition of bioactive
compounds in these plant materials, as well as their
quantitative contents, was determined, and relevant
technological studies have recently been reported.
In recent years, the prevalence of
respiratory diseases in Mongolia has been
increasing, ranking second in overall morbidity
rate and first among hospitalized patients.* In
Mongolia, post-COVID-19 pulmonary disorders,
chronic bronchitis associated with air pollution,
and occupational lung diseases continue to persist
among the population and remain one of the top five
causes of mortality. As of 2024, the prevalence of
respiratory diseases was 1,848.9 cases per 10,000
population, an increase of 238.9 cases over the
10-year average.’ Therefore, it is increasingly
important to investigate traditional medicines
that have been used for centuries in the treatment
of respiratory disorders and to provide scientific
evidence supporting their efficacy and safety.
Recent studies have identified bioactive
compounds in Stevia rebaudiana, including
glycyrrhizin, liciritigenin, and isoliciritigenin.
These compounds significantly reduce
inflammation by inhibiting cytokine production
in lipopolysaccharide-stimulated macrophages.
Glycyrrhizic acid, a major component of G.
uralensis, demonstrates diverse therapeutic effects,
including immunomodulatory, antiviral, anticancer,
and anti-inflammatory activities. Research by Lee
et al. showed that glycyrrhizic acid decreased
markers of LPS-triggered acute lung inflammation.
Furthermore, in an animal model of acute lung
injury, histopathological analysis revealed that
glycyrrhizic acid reduced inflammatory cell
infiltration and pulmonary edema, underscoring
its potent anti-inflammatory effect in lung tissue.
These results suggest a potential therapeutic role
for glycyrrhizic acid in the treatment of pulmonary
inflammatory diseases. Sesquiterpene lactones
such as isoalantolactone (ISA) and alantolactone
(Ala), mainly found in the roots of Inula helenium
L., a member of the Asteraceae family, exhibit
anti-inflammatory and anticancer properties. They
can inhibit pro-inflammatory cytokines, including
IL-14, IL-6, and TNF-4, in both in vitro and in
vivo studies. Additionally, alantolactone has been
shown to reduce levels of cytokines such as IL-14,
IL-6, IL-8, IFN-3a, and TNF-4 in lung and kidney
epithelial cells. /nula helenium L., a component
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of traditional Chinese medicine formulas such
as Roukou Wuwei tablets and Liuwei Anxian
San. Rosa acicularis Lindl.,t is rich in flavonoids,
catechins, tannins, and vitamins, which provide
antioxidant and anti-inflammatory effects. Its
fruits have traditionally been used in Mongolian
medicine to reduce swelling and support health.

In this study, we evaluated the anti-
inflammatory effects of these plant-derived
bioactive compounds against LPS-induced acute
lung injury, combining in vivo and in vitro analyses
with molecular docking confirmation to provide a
comprehensive understanding of their therapeutic
potential.

MATERIALS AND METHODS

Materials and reagents

Lipopolysaccharides (LPS) from
Escherichia coli 055: B5 (L2880-100MG) were
purchased from SIGMA-ALDRICH, USA. MLBio
Co., Ltd, China. The cytokine immunoassay
kits, including rat tumor necrosis factor-a
(TNF-a), Interleukin —10 (IL-10), Superoxide
dismutases (SOD), and high mobility group box 1
(HMGB1), were obtained from Shanghai MLBIO
Biotechnology Co., Ltd. (China).
Herbal formulation

The composition of bioactive compounds
in these plant materials, as well as their quantitative
content, was determined, and relevant technological
studies were reported recently. The concentrations
of glycyrrhizic acid and total sesquiterpenes in the
formulation were determined in accordance with
the Chinese Pharmacopoeia (2005, Vol. I; 2020,
Vol. IIT). The ascorbic acid content was quantified
using the Russian Pharmacopoeia, while inulin was
measured by spectrophotometry according to the
National Pharmacopoeia monograph.’
Animals

The study used 8-week-old Wistar
rats weighing approximately 150-210 g. The
experimental animals were obtained from the
Institute of Traditional Medicine and Technology
and MNUMS. All experimental animals were
acclimated for 1 week before the study. The
animals were maintained at the Institute of
Traditional Medicine and Technology (ITMT)
experimental animal facility under standard
laboratory conditions and were provided ad libitum
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access to food and water. Housing conditions
were controlled at 20 + 2 °C and 50-60% relative
humidity, with a 12 h light/dark cycle. All animal
handling and experimental procedures were
performed in compliance with the guidelines for
bioethical conduct in biomedical research and
the standards established by the International
Council for Laboratory Animal Science (ICLAS).
This study was approved by the Research Ethics
Committee 2024/3-01 at the Mongolian National
University of Medical Sciences.
Experimental design International Council of
Medical Organizations

Around 8-week-old Wistar rats (n=50),
weighing 180 + 30 g, Acute lung injury (ALI)
was induced as described by Li G. et al. (2016) by
intravenous administration of lipopolysaccharide
(LPS, 7.5 mg/kg) via the tail vein. Ninety rats
were randomly assigned to five groups (n = 18
per group): healthy control (saline only), disease
control (LPS 7.5 mg/kg), low-dose treatment (528
mg/kg), high-dose treatment (1320 mg/kg), and
positive control (ibuprofen, 35 mg/kg). The herbal
formulation and ibuprofen were administered
orally once daily for five consecutive days prior
to LPS challenge. At 3, 6, 9, and 12 h post-LPS
administration, animals were anesthetized (ether
followed by ketamine hydrochloride, 90 mg/kg,
1.p.). Blood was collected by cardiac puncture, and
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serum was isolated by centrifugation for subsequent
determination of total protein concentration.
Histopathological analysis

Lung tissues were fixed in 4%
paraformaldehyde, sectioned at a thickness of 5 pm,
and stained with hematoxylin and eosin (H&E).
Histopathological changes were examined under
a light microscope (Nikon Y-ST20, Japan). The
stained sections were examined and documented
under 40x magnification with a light microscope
(Olympus BX-50). Lung histopathological changes
in LPS-induced acute lung injury were assessed
based on the scoring system proposed by Matute-
Bello (2011) for ARDSNet evaluation. *°
Determination of the non-cytotoxic dose of the
herbal formulation in macrophages

To identify non-cytotoxic doses,
RAW 264.7 cells were treated with different
concentrations of the herbal formulation (0.12-3.75
pg/mL), and the control group received PBS. After
24 h treatment, MTT reagent was added, and the
resulting formazan crystals were dissolved in
DMSO. Absorbance was measured at 570 nm using
a microplate reader. .2*%!
The effect of the herbal formulation on nitric
oxide (NO) production in RAW 264.7 cells

The experimental groups included: (1)
control group (PBS), (2) LPS-stimulated group,
and (3) formulations + LPS groups, which were
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Fig. 1. Percentage of cell viability after the formulation treatment. Note: The concentration of the herbal
formulation applied to RAW 264.7 cells is shown on the horizontal axis.
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Fig. 2. Effect of the herbal formulation on nitric oxide production in RAW 264.7 cells following
lipopolysaccharide (LPS) stimulation. Data are expressed as mean + SD (n = 3). Statistical significance: p< 0.05,
p<0.01, p<0.001.

treated with the herbal formulation in the presence
of LPS for 24 hours. The herbal formulation
was added 1 hour before LPS stimulation.
Sodium nitrite (0.1 M) was diluted to 100 puM
in culture medium and serially diluted to create
the standard curve. Nitric oxide (NO) production
was measured using the Griess reaction. Briefly,
50 pL of cell culture supernatant was transferred
to a 96-well plate, followed by the addition of
25 pL sulfanilamide solution and incubation for
5-10 minutes in the dark. Then, 25 pL of N-(1-
naphthyl)ethylenediamine solution was added,
and the mixture was incubated for an additional
5-10 minutes. Absorbance was measured at 540
nm within 30 minutes using a microplate reader.

All experiments were performed in triplicate, and
NO concentrations were calculated based on the
sodium nitrite standard curve.
Determination of TNF-4a, IL-10, HMGBI, and
SOD levels

Serum concentrations of SOD, TNF-4, IL-
10, and HMGB1 were measured in all experimental
groups using rat-specific ELISA kits in accordance
with the manufacturer’s protocols. Absorbance
measurements were performed with a Chromate
4300 microplate reader.?®
Molecular Docking Methodology

For molecular docking studies, the
3D structures of glycyrrhizic acid (ZINC ID:
96015174), inulin (ZINC ID: 4095703), ascorbic

Table 1. Effects of herbal formulationon the level of TNF-a in LPS-induced acute lung inflammation

Group TNF-a(pg/ml)

3h 6h 9h 12h
Healthy control 37.843.6 37.843.6 37.843.6 37.843.6
Disease control 45.27+1.5%* 43.88+0.6* 39.3+1.5 39.95+4.1
528mg/kg 38.22+3.6# 37.9+6.01# 38.95+4.4 34.93+3.6#
1320mg/kg 39.70+2.9# 33.3442.6## 34.7+5.7# 39.9+2.7
Ibuprofen 35 mg/kg 35.28+1.8## 37.66+4.9# 31.2844.3# 35.90+3.3#

Compared with the healthy control group:p< 0.05.

Compared with the disease control group: #p< 0.05, ##p< 0.01 (Kruskal-Wallis test)



1978 LKHAGVAA et al., Biomed. & Pharmacol. J, Vol. 19(2), 1974-1990 (2026)

Table 2. Effect of herbal formulation on HMBGI1 protein levels
in the LPS-induced acute lung injury model

Group HMGBI (ng/ml)

3h 6h 9h 12h
Healthy control 13.8+0.9 13.8+0.9 13.8+0.9 13.8+0.9
Disease control 19.4+0.34* 19.8+£2.1% 16.7+1.1 18.8+2.1
528mg/kg 19.57+0.98 17.4340.45# 17.73£3.1 17.19£1.20
1320mg/kg 19.56+0.98 17.2840.45# 16.84+1.9 15.89+1.74#
Ibuprofen 35 mg/kg 18.64+1.5 17.04+1.32# 15.26+1.6 18.34+1.12

Compared with the healthy control group:p< 0.05 (Kruskal-Wallis test).
Compared with the disease control group: #*p < 0.05.

Effects of Treatments on SOD Levels

>
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Fig. 3. Effect of herbal formulation on SOD levels during acute lung injury induced by LPS (3 hours)

Table 3. Effects of herbal formulation on IL-10 cytokine levels in an LPS-induced acute lung
inflammation model

Group IL-10 (pg/ml)

3h 6h 9h 12h
Healthy control 8.54+0.9 8.54.+£0.9 8.54+0.9 8.54+0.9
Disease control 11.5+0.34* 10.8+1.01%* 9.73£1.01 9.94+0.7
528mg/kg 10.02+0.6 10.26+1.1 10.0+0.1 10.04+0.8
1320mg/kg 9.45+0.75 9.67+0.7 9.05+0.13 10.4+0.7
Ibuprofen 35 mg/kg 9.84+0.3 9.36+0.9 10.1+0.36 9.54+0.7

Compared to healthy controls *p<0.05 Kruskal-Wallis test
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acid (ZINC ID: 100006770), alantolactone (ZINC
ID: 2508129), and isoalantolactone (ZINC ID:
3882003) were obtained from the ZINC database
(https://zinc.docking.org/). Protein structures of
TNF-4 (RCSB PDB ID: 2AZ5), HMGBI, and
interleukin-10 (RCSB PDB ID: 2H24) were
retrieved from the PDB (https://www.rcsb.org/).
Incomplete protein structures were refined by
modelling missing amino acid residues with
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MODELLER. Hydrogen atoms were added, and
charges were neutralized using the ff14SB force
field in UCSF Chimera to prepare the proteins
for docking. Protein and ligand file formats were
converted using OpenBabel—docking simulations
to predict the lowest-energy binding conformations
between proteins and ligands were carried out
using DOCK 6.9v. Sphere generation parameters
included surface sampling of all points and a

Table 4. Effect of herbal formulation on superoxide dismutase levels in an LPS-induced acute
lung inflammation model

Group Superoxide dismutases(ng/ml)

3h 6h 9h 12h
Healthy control 5.1840.69 5.18+0.69 5.18+0.69 5.18+0.69
Disease control 3.46+0.55* 3.47+0.49* 3.87+0.22* 3.68+0.68*
528mg/kg 4.18+0.44# 3.63+0.26 3.54+0.41 3.11+0.54
1320mg/kg 3.3440.42# 3.11£0.40 3.5740.13 3.16+0.48
Ibuprofen 35 mg/kg 3.14+0.24 3.19+0.16 3.19+0.65 3.824+0.18

Compared with healthy controls:p< 0.05.
Compared with the control group: #p< 0.05.

1 0

Fig. 4. Changes in lung tissue after the experi

ment: 3(A) Health control, 3(B) Disez;se Control, 3(C) 528mg/

kg, 3(D) 1320mg/kg. Legend: * - alveolar cavities, -hemorrhage, -alveolar atelectasis, - alveolar wall and
inflammatory cell infiltration, M — macrophages, Scale bar: 40 um, G-E, magnification 40x
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surface interaction value of 0, with sphere radii
set between 1.4 A and 4 A. Flexible docking
simulations were performed with a grid spacing
of 10 A from the outermost sphere. Protein-ligand
interactions were analyzed using Discovery Studio
Visualizer.
Statistical analysis

All statistical analyses were conducted
using SPSS Statistics 26.0 and GraphPad Prism 8.
Results are expressed as mean + standard deviation
(SD). Statistical significance among groups was
evaluated using Student’s #-test, one-way ANOVA,
or two-way ANOVA, as appropriate. When
data did not meet parametric assumptions, the
Kruskal-Wallis test was used for multiple-group
comparisons. Molecular docking results, including
binding energies obtained with DOCK 6.9v, were
quantified and statistically analyzed. Statistical
significance was defined as a p-value < 0.05.

RESULTS

Determination of the Non-Toxic Dosage of the
herbal formulation

The herbal formulation showed no
cytotoxicity in RAW 264.7 cells and promoted cell
proliferation at concentrations of 0.12, 0.23, and
0.47 mg/mL (Figure 1). In contrast, concentrations
of 0.94 and 1.87 mg/mL, the herbal formulation
showed no significant effect on cell viability.
At concentrations of 3.75 mg/mL or higher,
the formulation exerted cytotoxic effects and
significantly inhibited cell growth.

Cell viability was 97.5% in cells treated
with 1.87 ug/ml of the formulation, whereas it
decreased to 52.5% at 7.5 pg/ml.
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The effect of the herbal formulation on nitric
oxide production pM

Using the Griess assay to evaluate nitric
oxide (NO) production at non-toxic concentrations,
the formulation significantly reduced NO
production in LPS-stimulated RAW 264.7 cells
compared to the LPS-alone group (Figure 2).
Result TNF-o, HMGBI1, IL-10, and SOD Levels
in Blood

Given the central role of inflammation in
acute lung injury, serum levels of TNF-a, IL-10,
SOD, and HMGBI1 were measured by enzyme-
linked immunosorbent assay (ELISA).

At 6 hours, TNF-a levels were reduced
by 15.8% and 31.6% in the groups treated with
528 mg/kg and 1320 mg/kg of herbal formulation,
respectively, compared to a 16.5% reduction in the
ibuprofen-treated control group. At 9 hours, TNF-a
levels decreased by 13.3% in the 1320 mg/kg group
and by 25.6% in the ibuprofen-treated group. By
12 hours, significant reductions were observed:
14.4% in the 528 mg/kg group and 11.3% in the
ibuprofen-treated group (Table 1; p < 0.05).

In the LPS-induced acute lung injury
model, untreated controls had significantly lower
HMGBI levels than disease controls: 40.6% lower
at 3 hours, 43.5% lower at 6 hours, 21% lower at
9 hours, and 36.2% lower at 12 hours (p < 0.05).
In groups treated with the herbal formulation,
HMGBI levels were notably reduced compared
with the control group at 6 hours, by 13.6% in
the 528 mg/kg group and 14.6% in the 1320 mg/
kg group. The ibuprofen-treated group showed a
16.2% reduction (Table 2, p < 0.05).

As shown in Table 3, in the LPS-induced
acute lung injury model, IL-10 levels in the Disease
control group were significantly higher than in the

Table 5. Results of Histological Assessment of Lung Tissue

No. Histopathological Features Score 1320 mg/kg 528 mg/kg LPS
(n=5) (n=5)

1 Alveolar wall thickening 3 2,6 2.2 2.7

2 Intra-alveolar and interstitial neutrophils 3 1 2 1.5

3 Hemorrhage or alveolar edema 3 1,8 1,8 3

4 Alveolar destruction/ architectural disruption 3 1,6 1,6 2

5 Macrophage infiltration 3 2 2 2
Total 15 9 9.6 11.2
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Fig. 5(A). 2D and 3D representations of the molecular interactions between the active site of TNF-a and the
alantolactone molecule.
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Fig. 5(B). 2D and 3D representations of the molecular interactions between the active site of interleukin and the
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Fig. 5(C). 2D and 3D representations of the molecular interactions between the active site of HMGB1 and the
alantolactone molecule.
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Fig. 6(A). 2D and 3D representations of the molecular interactions between the active site of TNF-a and the
isoalantolactone molecule.
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Fig. 6(B). 2D and 3D representations of the molecular interactions between the active site of interleukin and the
isoalantolactone molecule.
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Fig. 6(C). 2D and 3D representations of the molecular interactions between the active site of HMGB1 and the
isoalantolactone molecule.
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Fig. 7(A). 2D and 3D representations of the molecular interactions between the active site of TNF- a and the
glycyrrhizic acid molecule.
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Fig. 7(B). 2D and 3D representations of the molecular interactions between the active site of HMGBI1 and the
glycyrrhizic acid molecule.
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Fig. 8(A). 2D and 3D representations of the molecular interactions between the active site of TNF- a and the
inulin molecule.
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Fig. 8(B). 2D and 3D representations of the molecular interactions between the active site of interleukin and the
inulin molecule.
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Fig. 8(C). 2D and 3D representations of the molecular interactions between the active site of HMGB1 and the
inulin molecule.
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Fig. 9(A). 2D and 3D representations of the molecular interactions between the active site of TNF- a and the
ascorbic acid molecule.
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Fig. 9(B). 2D and 3D representations of the molecular interactions between the active site of HMGBI1 and the
ascorbic acid molecule.
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Fig. 9(C). 2D and 3D representations of the molecular interactions between the active site of interleukin and the
ascorbic acid molecule.
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healthy group, by 25.7% at 3 hours and 20.9% at
6 hours (p < 0.05).

In the groups given herbal formulations,
SOD levels were significantly higher than the
control group 3 hours after the administration,
increasing by 16.5% at 528 mg/kg and by 20.8%
at 1320 mg/kg (p < 0.05).

Histological examination results

In the LPS-induced acute lung injury
model, tissue alterations were evaluated using the
Acute Respiratory Distress Syndrome Network
scoring system described by Matute-Bello et al.
(2011). Microparticles were administered at doses
of 528 mg/kg and 1320 mg/kg, and histological
assessment revealed dose-dependent improvements
in lung morphology compared with the pathological
control group.

Alveolar wall thickening, no inflammatory
cells were observed; the alveolar spaces were clear,
and the blood vessels appeared normal. (Figure 4A)
Lung tissue from the disease control group showed
thickening of the alveolar walls, infiltration of
inflammatory cells and macrophages in the alveolar
spaces and interstitium, focal alveolar atelectasis,
and hemorrhage. (Figure 4B) Histological analysis
of lung tissue from the experimental group treated
with 528 mg/kg of lung microparticles showed
decreased hemorrhage (Figure 4C). Compared
with the 528 mg/kg group, treatment with 1320
mg/kg of lung microparticles restored alveolar
structure, thinned alveolar walls, and reduced both
inflammatory cell infiltration and hemorrhage in
the alveolar and interstitial areas (Figure 4D).
Molecular docking analysis results

The molecular interactions between the
inflammatory proteins TNF-4, HMGBI, and IL-
10 and the compounds in the herbal formulation,
including glycyrrhizic acid, inulin, ascorbic acid,
alantolactone, and isoalantolactone, were modelled
using the molecular docking program DOCK
6.9v. The grid scores calculated using all possible
bubbles for all protein interactions are shown in
Table 5.

Depending on the parameters and scoring
function used, we evaluated the score by comparing
the molecules under study rather than using
absolute thresholds. As a result, glycyrrhizic acid
and inulin showed the most negative scores for
TNF-4, HMGBI, and IL-10, indicating relatively
high binding affinity.
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DISCUSSION

Analysis of nitric oxide (NO) production
indicated that the herbal product had no significant
effect on NO release in unstimulated RAW
264.7 cells. In contrast, upon LPS stimulation,
the formulation significantly suppressed NO
production compared with the LPS-treated groups.
In the LPS-induced acute lung inflammation
model, administration of the herbal product
significantly increased SOD protein levels while
markedly decreasing TNF-4 and HMGB1 protein
levels. Histopathological evaluation revealed that
the formulation demonstrated a protective effect
against LPS-induced acute lung inflammation,
indicating its potential efficacy in mitigating
inflammatory lung injury. Furthermore, molecular
docking analysis demonstrated that glycyrrhizic
acid and inulin form strong binding interactions
with TNF-4 and HMGBI proteins, supporting
their potential role in mediating the observed anti-
inflammatory effects.

Glycyrrhizic acid also exhibited moderate
binding affinity to flavonoids (isorhamnetin
and kaempferol), as well as JUN-FOS-DNA,
MAPK 14, IL-6. Notably, glycyrrhizin demonstrated
the highest binding affinity for COX-2 (C-score =
13.07). These interactions align with the inhibition
of pro-inflammatory cytokine production and
HMGBI translocation observed in both in vitro and
in vivo models, underscoring the potential of the
herbal formulation to modulate key inflammatory
pathways. Our results indicate that glycyrrhizic
acid binds to TNF-4, interleukins, and HMGBI,
supporting its effectiveness.

The activity of NO synthase in RAW
264.7 cells is an important marker for evaluating
the effects of anti-inflammatory drugs. After the
treatment of RAW 264.7 macrophage-like cells with
various concentrations of the extract, nitric oxide
(NO) levels were measured using the Griess assay.
In this study, no statistically significant differences
were observed between the extract-treated groups
and the phosphate-buffered saline (PBS) control
group at 12 and 24 hours. However, NO production
was decreased at extract concentrations of 1-2 mg/
mL compared to the control group. This suggests
that it may have a potent anti-inflammatory effect.
In a study by Park et al., high concentrations of
marigold flower extracts which contain ISO were
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shown to inhibit the synthesis of NO and pro-
inflammatory cytokines, including TNF-a and
IL-14, in LPS-stimulated RAW 264.7 cells.? The
effects of ISO on the release of TNF-4 and IL-1a
in bronchoalveolar lavage fluid (BALF) following
LPS induction were assessed. However, treatment
with isoalantolactone significantly reduced the
level of these pro-inflammatory cytokines.?’

Inulin has been shown to regulate the
TNF-4 by modifying the pathway proteins that
are involved in the “cellular response to TNF-4 in
LPS-induced macrophages.”® Additionally, inulin
reduces pro inflammatory cytokines by regulating
gene and protein sensing pathways that modulate
TNF-4 responses 2 as well as in our study, the
formulation significantly reduced the TNF-a level.

The study showed that glycyrrhizin
prevented the translocation and release of HMGB1
from the nucleus to the cytoplasm in LPS-stimulated
RAW 264.7 macrophages and significantly
decreased the production of TNF-4 and IL-6.
Glycyrrhizic acid blocks the activation of the Toll-
like receptor 4 (TLR4)/NF-€B signaling pathway,
which in turn inhibits the cytoplasmic translocation
and extracellular release of HMGB1 and lowers the
levels of pro-inflammatory cytokines like TNF-a
and IL-6. Glycyrrhizic acid also reduced HMGB1
expression in in vivo models and lowered lung
inflammatory markers, including TNF-4 and IL-6%,
aligning with the findings of our study.

CONCLUSION

Treatment of the herbal formulation
significantly reduced TNF-4 and HMGBI levels
compared with the control group. Histopathological
evaluation of LPS-induced acute lung inflammation
demonstrated preservation of lung architecture,
by reduced alveolar wall thickening, decreased
inflammatory cell infiltration, and lowered
hemorrhage in alveolar and interstitial regions.
These protective effects are supported by molecular
docking results, which revealed strong binding
interactions between glycyrrhizic acid and inulin
with TNF-4 and HMGBI, suggesting a potential
mechanism for the observed anti-inflammatory
activity.
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