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Liquiritin mitigates lower extremity deep
vein thrombosis by inhibiting inflammation
and oxidative stress via the NF-kB signaling
pathway
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Abstract

Background Lower extremity deep vein thrombosis (LEDVT) is a common vascular disease, with its pathogenesis
mainly involving inflammatory responses and oxidative stress. Liquiritin (LIQ) is a flavonoid that exhibits
pharmacological effects such as anti-inflammatory and antioxidant properties. This study aimed to investigate the role
of LIQ in LEDVT and its potential mechanisms.

Methods We established an LEDVT model in mice by ligating the inferior vena cava (IVC) and performed in vitro
experiments by stimulating human umbilical vein endothelial cells (HUVECs) with IL.-13 (10 ng/mL) to simulate
endothelial cell injury.

Results We found that LIQ significantly reduced the size and weight of thrombi and decreased the concentrations

of inflammatory factors TNF-a and IL-6 in the IVC of LEDVT mice. Furthermore, LIQ inhibited the secretion of
prothrombotic mediators such as tissue factor (TF) and vascular cell adhesion molecule-1 (VCAM-1). Administration
of LIQ resulted in a notable reduction in immune inflammatory cells in the [VC of LEDVT mice. LIQ also demonstrated
antioxidant properties, as the treatment of LIQ enhanced SOD activity and restored ROS levels to normal in the IVC.
Similarly, LIQ reduced the formation of inflammatory factors and the secretion of prothrombotic mediators by HUVECs
while inhibiting oxidative stress in HUVECs. Finally, LIQ effectively suppressed the levels of phosphorylated p65 in both
the IVC and HUVECs.

Conclusions LIQ reduces inflammatory responses and oxidative stress in LEDVT by inhibiting the NF-kB signaling
pathway. This finding provides new insights into the prevention and treatment of LEDVT.

*Correspondence:
Shengkun Lang
18600414110@163.com
Xin Ge
gexin2021@suda.edu.cn

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12959-025-00739-3&domain=pdf&date_stamp=2025-5-18

Zhang et al. Thrombosis Journal (2025) 23:51

Graphical Abstract

Page 2 of 14

LIQ

HUVECs

Keywords Lower extremity deep vein thrombosis, Liquiritin, Inflammation, Oxidative stress,

Introduction

Deep vein thrombosis (DVT) poses a significant chal-
lenge to global public health, typically resulting from
abnormal blood clotting in the deep veins, most com-
monly occurring in the lower extremities, known as
lower extremity deep vein thrombosis (LEDVT). DVT
leads to symptoms such as local pain, swelling, and fever;
more importantly, if a thrombus dislodges and travels to
the lungs, it may cause pulmonary embolism (PE) [1, 2].
Inflammatory responses play a crucial role in the patho-
genesis of DVT. Inflammation can lead to endothelial
dysfunction, increasing the risk of thrombosis [3]. Pre-
vious studies have shown that DVT occurs following
the activation of inflammasomes and the secretion of
IL-1PB, marking a crossroads between inflammation and
coagulation disorders [4]. Additionally, Liu et al. have
indicated that oxidative stress also plays a critical role in
DVT [5]. Therefore, researching anti-inflammatory and
antioxidant strategies may be one of the fundamental
approaches to addressing thrombosis.

Liquiritin (LIQ) is a flavonoid isolated from licorice,
known for its various pharmacological effects, includ-
ing cardiovascular protection, anti-tumor, and anti-
inflammatory properties [6]. Zhai et al. demonstrated
that LIQ alleviates rheumatoid arthritis by inhibiting
inflammation, blocking MAPK signaling, and suppress-
ing angiogenesis [7]. Mou et al. showed that LIQ reduces
inflammation and oxidative stress, and inhibits apopto-
sis, thereby alleviating cardiac dysfunction in septic car-
diomyopathy mice [8]. Some studies have reported that
LIQ may be a potential drug for treating diabetic vas-
cular complications [9]. Furthermore, traditional Chi-
nese medicine formulas such as Banxia Baizhu Tianma

Decoction have been noted for their protective effects
on venous endothelial cells, with LIQ identified as one
of the active components that exert antioxidant and anti-
inflammatory effects [10]. Similarly, Wen Dan Decoction,
which contains LIQ as an effective ingredient, has been
found to alleviate palmitic acid-induced endothelial cell
injury [11]. Therefore, we speculate that LIQ may become
an effective drug for the treatment of LEDVT.

NE-kB is a key regulator of inflammatory responses,
capable of activating the expression of various pro-
inflammatory genes, such as TNF-a, IL-1B, and adhesion
molecules. This activation promotes the accumulation
of leukocytes at the site of damaged blood vessels, exac-
erbating the inflammatory response and facilitating the
formation and development of thrombosis [12]. Some
studies have reported that LIQ alleviates dysfunction in
human umbilical vein endothelial cells (HUVECs) induced
by advanced glycation end products through the RAGE/
NF-kB pathway [9]. The team led by Tan found that a for-
mula containing LIQ, known as Gegen Qinlian Decoction,
reduces inflammatory thrombosis in mice by inhibiting the
HMGB1/NF-«B/NLRP3 signaling pathway [13]. Further-
more, in the microenvironment of thrombus retention,
excessive inflammatory responses may lead to oxidative
stress [14]. The evidence suggests that LIQ may prevent
endothelial cell damage by inhibiting inflammation and
oxidative stress, ultimately reducing the likelihood of lower
extremity deep vein thrombosis. This effect may involve
the regulation of the NF-«B signaling pathway.

Therefore, this study aims to investigate the effects
of LIQ on inflammatory factors, pro-thrombotic fac-
tors, and oxidative stress-related indicators in the infe-
rior vena cava (IVC) of LEDVT mice by constructing an
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animal model through IVC ligation. We will also explore
the protective role of LIQ mediated by the NF-«B signal-
ing pathway in LEDVT. Additionally, we will use IL-1f
to induce endothelial cell injury in HUVECs for in vitro
experiments. Our research provides new insights for
future foundational studies on vascular diseases.

Materials and methods

Network pharmacology analysis

We initiated our study by retrieving the standard SMILES
format for Liquiritin from the PubChem database (http
s://pubchem.ncbi.nlm.nih.gov/). Thereafter, the obtained
SMILES format was submitted to the SwissTargetPre-
diction database (http://www.swisstargetprediction.c
h/) to identify potential targets of Liquiritin under the
species setting of “Homo sapiens”. To refine our search,
we employed the GeneCards database (https://www.ge
necards.org/) to identify targets associated with lower
extremity deep vein thrombosis. The overlapping tar-
gets were visualized using a Venn diagram generated
by Venny 2.1.0 (https://bioinfogp.cnb.csic.es/tools/ven
ny/index.html). Subsequently, the shared targets were
uploaded into the STRING database (https://string-db
.org/) to construct a Protein—Protein Interaction (PPI)
network. To further elucidate the functions and path-
ways of the target genes, we conducted a Gene Ontology
(GO) enrichment analysis based on the predicted shared
targets. Additionally, a Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis was performed using
Metascape (https://metascape.org/). These analyses colle
ctively facilitated the exploration of Liquiritin’s potential
roles and mechanisms of action.

Animal model and treatment

In this experiment, healthy male C57BL/6 mice aged
8 weeks were randomly divided into four groups: (a)
Sham; (b) LEDVT; (c) LEDVT+40 mg/kg LIQ; (d)
LEDVT +80 mg/kg LIQ. The LEDVT mouse model was
established using the IVC ligation method, with the fol-
lowing detailed steps: after anesthetizing the mice, a
midline abdominal incision was made, and the IVC was
separated from the aorta. A polypropylene suture was
used to ligate the branches of the IVC. After ligating the
IVC on the spacer, the spacer was gently removed, and the
abdominal incision was sutured. The LIQ (CAS: 551-15-5,
1886004, Macklin, China) groups received daily gavage of
different doses of LIQ (40 mg/kg and 80 mg/kg) starting
one week before modeling [15]. On the final day of gavage,
the ligation surgery was performed, and two days later,
IVC tissue was collected for subsequent experiments.

Cell culture and treatment
HUVECs were used for in vitro experiments and were
purchased from iCell (iCell-h110, iCell, China). First, the
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cells were treated with different concentrations of LIQ
(0, 5, 10, 20, 50, 100 uM) for 1 h. The inhibitory rates of
LIQ on cells were measured. We selected the two highest
concentrations (10 and 20 pM) that did not significantly
affect cell viability for further experiments. Next, the
cells were pre-treated with the determined concentra-
tions of LIQ for 1 h, followed by treatment with IL-1f3 (10
ng/mL) for 6 h for subsequent analyses. The cell experi-
ment groups were as follows: (a) Control; (b) IL-1f; (c)
IL-1B + 10 uM LIQ; (d) IL-1B +20 pM LIQ.

To further explore whether the effects of LIQ are medi-
ated through the NF-kB pathway, we co-treated IL-1p-
stimulated HUVECs with an NF-kB pathway activator
(HY-134476, MCE, USA) and 20 uM LIQ.

HE staining

To observe the formation of thrombi in the IVC, we per-
formed HE staining on the IVC tissue. The specific steps
were as follows: after deparaffinization and rehydration
of the sections, they were stained with hematoxylin for
5 min and eosin for 3 min. The slices were then permea-
bilized and mounted for subsequent observation.

ELISA assay

To determine the levels of inflammatory factors and SOD
in the IVC tissue and HUVECs, samples were collected
and centrifuged, following the instructions provided in
the kits. The mouse TNF-a ELISA Kit (EK282, Lianke,
China), mouse IL-6 ELISA Kit (EK206, Lianke, China),
human TNF-« ELISA Kit (EK182, Lianke, China), human
IL-6 ELISA Kit (EH0201, Wuhan Fine Biotech, China)
and the SOD assay kit (A001, Nanjing Jiancheng, China)
were purchased for the experiments. Specific proce-
dures were conducted according to the manufacturers’
instructions.

DHE staining

The DHE assay kit (50063, Beyotime, China) was applied
in this study. The DHE reagent was diluted at a ratio of
1:100 and sections were incubated at 37 °C in the dark
for 30 min. After adding anti-fade reagent, the staining
results were observed under a fluorescence microscope.
The intensity of the red fluorescence indicated a signifi-
cant accumulation of ROS in the mouse IVC.

Immunohistochemical (IHC) staining

Ly-6G and F4/80 are important markers for immune
cells. We used IHC staining to determine the quantity of
Ly-6G- or F4/80- positive immune cells in the IVC tissue.
Antibody against Ly-6G (0809 - 11, HuaBio, China) and
antibody against F4/80 (28463-1-AP, Proteintech, China)
were obtained. The Anti-Ly-6G was diluted at 1:100 and
the Anti-F4/80 was diluted at 1:4000. Then, the diluted
antibodies were applied to completely cover the tissue,
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and the samples were incubated overnight at 4 °C in a
humidified chamber.

Immunofluorescence detection

To determine the levels of p-p65, p65, VCAM]I, and tis-
sue factor (TF) in the IVC tissue and HUVECs, we per-
formed immunofluorescence detection. Antibody against
p-p65 (AF2006, Affinity, China), antibody against p65
(A19653, Abclonal, China), antibody against VCAM1
(381014, Zenbio, China), and antibody against TF
(R381361, Zenbio, China) were acquired. In brief, tis-
sue sections were deparaffinized, subjected to antigen
retrieval, and blocked with 1% BSA. The corresponding
primary antibody was diluted and incubated overnight at
4 °C in a humid chamber. Under light-protected condi-
tions, a fluorescent secondary antibody was added and
incubated at room temperature for 60 min. Finally, DAPI
was added for nuclear localization. Additionally, HUVEC
staining required incubation with 0.1% Triton X-100 at
room temperature for 30 min, without the need for anti-
gen retrieval. Immunofluorescence intensity was quan-
tified by Image] and results were normalized to the cell
number.

Real-time PCR

After extracting RNA from the mouse IVC tissue and
HUVECs, we measured the RNA concentration. The
obtained RNA samples were reverse transcribed to
obtain the corresponding cDNA. Fluorescent quantifica-
tion was performed using the Exicycler™ 96 system, and
the data were analyzed using the 2 “AACT method. The
relevant primer sequences are as follows: homo TF F: G
AATGTGACCGTAGAAGATG R: TAACTGTTCGGG
AGGGA; homo VCAMI F: GGGAATCTACAGCACCT
R: CACAGCCCATGACACTA; mus TF F: GGAGGAGC
CGCCATTTAC R: AGACTTGCCGCAGGGTGA; mus
VCAMI F: TTGTGGAAATGTGCCCGAAAC R: TGTG
CCTGGCGGATGGTGT.

Western blot

Western blotting was used to detect the specific expres-
sion levels of a molecule. The clear steps were as follows:
lysis buffer supplemented with protease inhibitor buf-
fer and PMSF was added to the IVC tissue or HUVECs
to extract the protein. After quantifying the protein, an
equal amount of protein was subjected to SDS-PAGE.
Upon completion of SDS-PAGE, the proteins were trans-
ferred to a polyvinylidene fluoride (PVDF) membrane.
The PVDF membrane was then immersed in blocking
solution for 60 min. The membranes were incubated
overnight at 4 °C in a solution containing p65 antibody
(A19653, ABclonal, China), p-p65 antibody (AP1294,
ABclonal, China), and p-actin antibody (sc-47778,
Santa Cruz, USA). Finally, the PVDF membranes were
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incubated at room temperature with the relevant second-
ary antibodies for 45 min, followed by ECL substrate che-
miluminescence detection.

Data analysis

The data were presented as mean +standard deviation
(SD). GraphPad Prism 9 was used for data analysis. Sha-
piro—Wilk test was used to evaluate the normality distri-
bution of the data. For the data with normal distribution,
comparisons between groups were analyzed using one-
way ANOVA followed by Tukey post-hoc test. For data
with a non-normal distribution, Kruskal-Wallis test fol-
lowed by post-hoc comparison was used. Additionally,
Statistical significance was set at p <0.05.

Results

Pharmacology prediction of liquiritin treatment of LEDVT
To investigate the therapeutic mechanism of Liquiritin
on lower extremity deep vein thrombosis, we employed
network pharmacology to elucidate the underlying effect
targets. As illustrated in the Venn diagram, 46 overlap-
ping genes were named candidate targets for Liquiritin
in lower extremity deep vein thrombosis (Fig. 1A). Sub-
sequently, we constructed a PPI network of these 46 tar-
gets (Fig. 1B). GO enrichment analysis was conducted
to explore the probable biological process (BP), molecu-
lar function (MF), and cellular component (CC) terms
associated with the candidate targets of Liquiritin-lower
extremity deep vein thrombosis. The top 8 enriched
terms in the GO were visualized, which included
response to oxidative stress, regulation of inflammatory
response, response to reactive oxygen species (Fig. 1C).
In addition, we analyzed KEGG pathway enrichment for
the 46 candidate targets (Fig. 1D-E). The results showed
that the targets were associated with signaling pathways
such as TNF-a and IL-17. The results indicated that
the target is associated with signaling pathways such as
TNF-a and IL-17. TNF-a and IL-17 are upstream of the
NEF-«kB signaling pathway, suggesting that Liquiritin may
regulate the disease progression of Lower extremity deep
vein thrombosis through the NF-kB signaling pathway.

LIQ attenuates LEDVT in mice

We established the LEDVT model in mice using IVC
ligation, with LIQ administered via oral gavage (Fig. 2A).
First, thrombus formation in IVC was evaluated. The
results indicated that large thrombi formed in IVC of
LEDVT mice while treatment with LIQ significantly
reduced the size of the thrombi (Fig. 2B). Additionally,
we further confirmed the significant effect of admin-
istering 80 mg/kg of LIQ in reducing thrombus length
and weight by measuring these parameters in IVC of
the mice. However, compared to the LEDVT group, the
40 mg/kg dose of LIQ did not show a significant effect on
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reducing thrombus length and weight (Fig. 2C-E). Finally,
HE staining results showed that in the LEDVT group, a
large amount of thrombus formed in IVC, with the vessel
wall exhibiting a loose structure accompanied by edema
and irregular intima. These pathological alterations asso-
ciated with LEDVT were ameliorated by treatment with
80 mg/kg of LIQ (Fig. 2F).

LIQ inhibits inflammation and oxidative stress in the IVC
tissue

Numerous studies have indicated that inflammation and
oxidative stress induced by excessive inflammation are
the main culprits of LEDVT. Although LIQ is an effec-
tive anti-inflammatory and antioxidant herbal medicine,
its mechanisms of action in LEDVT remain unexplored.
Thus, we aimed to investigate the mechanisms by which
LIQ alleviates thrombus formation in a murine LEDVT
model. First, we measured the concentrations of TNF-a
in IVC of the mice. The results showed a dramatic
increase in TNF-a levels in IVC of LEDVT mice, which
significantly decreased following treatment with 80 mg/
kg of LIQ (Fig. 3A). Additionally, IL-6 is a key pro-inflam-
matory cytokine that stimulates the synthesis of coagula-
tion factors. We also measured the concentrations of IL-6
in the IVC, and the results indicated a significant upreg-
ulation of IL-6 in LEDVT mice. After treatment with
80 mg/kg of LIQ, IL-6 levels in the mice approached nor-
mal levels (Fig. 3B). To determine whether LIQ has anti-
oxidant effects in IVC of LEDVT mice, we assessed the
activity of SOD and the levels of ROS in IVC (Fig. 3C-E).
The results showed that treatment with 80 mg/kg of LIQ
significantly markedly reduced ROS levels and increased
SOD activity in IVC of LEDVT mice. In summary,
these results suggest that LIQ alleviates LEDVT in mice
through its anti-inflammatory and antioxidant actions.

LIQ downregulates the secretion of prothrombotic
mediators

TF is a key initiator of the extrinsic coagulation path-
way. When blood vessels are damaged, TF is exposed
to the bloodstream and binds to coagulation factors,
thereby activating the coagulation cascade and promot-
ing thrombus formation. Vascular Cell Adhesion Mol-
ecule-1 (VCAM-1) is an adhesion molecule located on
the surface of endothelial cells, primarily involved in the
rolling, adhesion, and migration of leukocytes. There-
fore, we measured the levels of TF and VCAM-1 in IVC
of the mice. Immunofluorescence results showed a sig-
nificant increase in TF and VCAM-1 protein levels in
IVC of LEDVT mice (Fig. 4A-D). Similarly, PCR results
indicated a marked elevation of TF and VCAM-1 RNA
levels in IVC of LEDVT mice (Fig. 4E-F). However, after
treatment with 80 mg/kg of LIQ, the levels of TF and
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VCAM-1in IVC of LEDVT mice approached normal lev-
els (Fig. 4A-F).

LIQ reduces excessive accumulation of neutrophils and
macrophages in the IVC of LEDVT mice

Next, we sequentially assessed the accumulation of neu-
trophils marked by Ly-6G and macrophages marked by
F4/80 in the IVC of the mice. Immunohistochemical
results showed elevated levels of Ly-6G and F4/80 in the
IVC tissue of LEDVT mice, indicating a significant accu-
mulation of neutrophils and macrophages. However,
after gavage treatment with 80 mg/kg of LIQ, the number
of inflammatory cells was significantly reduced (Fig. 5A-
B). In summary, our results suggest that the upregulation
of TF and VCAM-1 in LEDVT promotes the adhesion of
leukocytes, ultimately leading to the infiltration of neu-
trophils and macrophages. Treatment with 80 mg/kg of
LIQ alleviated these pathological changes.

LIQ alleviates IL-1B-induced damage in HUVECs

We used HUVECs for in vitro experiments to validate
our findings. First, the results showed that treatment
with 50 and 100 uM of LIQ for 1 h significantly impaired
HUVEC viability (Fig. 6A). Furthermore, we evaluated
the cytotoxicity of 20 uM LIQ on HUVECs. The results
showed that pretreatment with LIQ did not significantly
alter the levels of IL-6 and TF in HUVECs. Additionally,
20 pM LIQ did not affect the SOD activity in HUVECs.
Moreover, Western blot analysis revealed that the protein
levels of p65 and p-p65 remained unchanged with 20 uM
LIQ treatment (Supplementary Fig. 1A-E).

Based on the above results, we selected non-cytotoxic
concentrations of 10 and 20 puM LIQ for subsequent
experiments. ELISA analysis demonstrated that IL-1p
stimulation significantly elevated TNF-a and IL-6 levels
in HUVECs. While 10 pM LIQ pretreatment only mod-
estly reduced IL-6 without affecting TNF-a, 20 uM LIQ
pretreatment significantly attenuated both inflammatory
cytokines compared to the IL-1B-treated control group
(Fig. 6B-C). At the transcriptional level, PCR results
showed that IL-1f stimulation markedly upregulated TF
and VCAM-1 mRNA expression, which was normalized
by 20 uM LIQ pretreatment (Fig. 6D-E). These findings
were further confirmed at the protein level by immuno-
fluorescence, demonstrating that 20 pM LIQ significantly
reduced IL-1B-induced TF and VCAM-1 expression in
HUVEC:s (Fig. 6F-G). Furthermore, oxidative stress anal-
ysis revealed that 20 uM LIQ effectively mitigated IL-10-
induced ROS accumulation (Fig. 5H-I) while significantly
enhancing SOD activity (Fig. 6]).

LIQ mitigates LEDVT by inhibiting the NF-kB pathway
In DVT, NF-«kB is a classical pro-inflammatory
pathway; however, there are no published reports
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indicating that LIQ alleviates LEDVT through NF-«B.
Immunofluorescence and Western blot results showed
that pre-treatment with 20 pM LIQ significantly attenu-
ated IL-1B-induced phosphorylation of p65 (p-p65) in
HUVECs (Fig. 7A-D). Consistent with cellular obser-
vations, administration of 80 mg/kg of LIQ effectively

suppressed p-p65 upregulation in IVC of LEDVT mice
(Fig. 7E-J). Notably, total p65 levels remained unal-
tered in both models. To further investigate whether the
effects of LIQ are mediated through the NF-xB path-
way, we co-incubated IL-1fB-stimulated HUVECs with
an NF-kB pathway agonist alongside 20 uM LIQ. The
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results demonstrated that the protective effect of LIQ on  In summary, our data indicate that LIQ inhibits p-p65 in
HUVECs was negated by the agonist, leading to signifi- the NF-xB pathway, thereby dampening NF-«xB-driven
cant upregulation of IL-6 and TF levels, while intracel- inflammation and thrombosis.

lular SOD activity decreased (Supplementary Fig. 2A-C).
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Fig. 5 LIQ reduces excessive accumulation of neutrophils and macrophages in IVC of LEDVT mice. (A) The positive expression of Ly-6G in the IVC was
examined by immunohistochemistry (scale bar =50 um); (B) The positive expression of F4/80 in the IVC tissue was examined by immunohistochemistry
(scale bar =50 pm)

Discussion DVT, elevated concentrations of TNF-a are believed to
Inflammation is considered a key factor in the occurrence  be associated with thrombosis. TNF-a activates endothe-
of DVT. Yadav et al. found that neutralizing antibodies  lial cells, increases vascular permeability, and promotes
against IL-1p significantly reduced the risk of thrombo-  the expression of pro-inflammatory factors, thereby exac-
sis in mice [16]. An article in BLOOD indicates that DVT  erbating local inflammation. It may also enhance platelet
occurs at the intersection of dysregulated inflammation  aggregation, increasing the tendency for thrombosis [19].
and coagulation upon activation of the inflammasome  Further, IL-6 is a critical pro-inflammatory cytokine that
and IL-1p under conditions of restricted venous flow [4].  stimulates the synthesis of coagulation factors, increas-
Additionally, research has shown that IL-13 and TNF-a  ing blood coagulability and promoting the formation of
can further activate transcription factors, leading to the ~ DVT [20]. Our findings clearly indicate that LIQ inhibits
production of IL-6 [17]. Therefore, we chose to stimulate =~ TNF-a and IL-6 levels in the IVC of LEDVT mice.

HUVECs with IL-1p to simulate endothelial cell injury. TF is an important coagulation factor that is exposed
LIQ, a flavonoid compound extracted from licorice, pos- to the bloodstream when blood vessels are damaged
sesses various pharmacological activities, including anti-  or inflammation occurs, facilitating the generation of
inflammatory and immunomodulatory effects [18]. In  thrombin and accelerating thrombus formation. TF also
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HUVECs was examined using ELISA. Data were presented as means+s.d

plays a role in regulating inflammatory responses by acti-
vating neutrophils and macrophages, further exacerbat-
ing DVT [21]. Liang et al. demonstrated that increased
expression of TF in vascular endothelial cells leads to
endothelial dysfunction, promoting thrombosis [22].
VCAM-1 is primarily expressed in endothelial cells
and promotes the binding of leukocytes to the vascular
endothelium, enhancing the inflammatory response. Lu
et al. indicated that lowering the levels of ICAM-1 and
VCAM-1 proteins in venous endothelium is beneficial for
alleviating thrombosis [23]. Fu et al. found that LIQ regu-
lates vascular processes by blocking the MK/a6 signaling
pathway [24]. Research indicates that LIQ inhibits oxi-
dative stress and endoplasmic reticulum stress, promot-
ing cellular angiogenesis and maintaining the integrity
of the blood-brain barrier [25]. These findings suggest

that LIQ plays a significant role in maintaining vascular
integrity. However, its effects on the coagulation system
in the treatment of venous thrombosis remain incon-
clusive. Surprisingly, our results demonstrate that LIQ
effectively reduces the formation of thrombi in the IVC
tissue, aligning with our hypothesis. In summary, dur-
ing the pathogenesis of LEDVT, TNF-a and IL-6 act as
early pro-inflammatory factors that activate the coagu-
lation factor TF and promote leukocyte adhesion, ulti-
mately leading to the infiltration of neutrophils and
macrophages. The interactions among these factors form
a complex network of inflammation and coagulation,
resulting in endothelial damage and collectively promot-
ing the occurrence of LEDVT. LIQ effectively alleviates
the symptoms associated with this process. However, the
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study did not specifically explore the inhibitory effects of
LIQ on platelets. Our research team will address this gap
in future studies.

The occurrence of DVT is closely related to oxidative
stress [26]. Previous studies have shown that the for-
mation of DVT is influenced by ROS, which regulates
coagulation and modulates effector cells such as plate-
lets, endothelial cells, and neutrophils [27]. Effective
management of oxidative stress can prevent abnormal
platelet activation and the formation of new thrombi
[28]. Research indicates that LIQ possesses antioxidant
properties and attenuates lipopolysaccharide-induced
cardiomyocyte injury by regulating oxidative stress [8].

ta were presented as means+s.d

Zhang et al. found that pre-treatment with LIQ reduces
the generation of reactive oxygen species in HUVECs
induced by advanced glycation end products (AGEs) [9].
Remarkably, our experimental results demonstrate that
the antioxidant properties of LIQ can scavenge ROS in
vivo, alleviating oxidative damage and thereby helping
to maintain normal vascular function and blood fluidity.
SOD is an important antioxidant enzyme that catalyzes
the conversion of superoxide anions into hydrogen per-
oxide and oxygen, reducing intracellular oxidative stress.
Meng et al. indicated that lowering SOD levels in DVT
mice inhibits thrombus formation. Enhanced SOD activ-
ity protects vascular endothelial cells from oxidative
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damage, thereby reducing the risk of DVT [29]. Our
experiment is the first to demonstrate the role of LIQ
in combating oxidative stress in LEDVT, suggesting that
reducing oxidative stress may be an important strategy
for the future treatment of LEDVT.

The NF-«B signaling pathway plays a critical role in
inflammatory responses. Activation of this pathway leads
to the expression of various pro-inflammatory factors,
which promote thrombus formation. Specifically, inhibi-
tion of NF-«B lowers the levels of inflammatory factors
such as IL-1p and TNF-q, thereby mitigating endothelial
damage and platelet activation [12]. Huang et al. demon-
strated that inhibiting the SIRT1/NF-kB pathway allevi-
ates endothelial cell injury and neutrophil activation,
thereby reducing DVT [30]. Cheng et al. found that acti-
vation of the TLR-4/NF-«B inflammatory signaling path-
way exacerbates thrombus and inflammation in DVT rats
[31]. LIQ reduces the release of pro-inflammatory factors
by inhibiting NF-kB activation, which may be one of its
important mechanisms for alleviating DVT. Interestingly,
our experimental results indicate that a certain dose of
LIQ significantly inhibits the upregulation of phosphor-
ylated p65 protein expression. This aligns with previ-
ous findings that blocking NF-kB can partially obstruct
the secretion of inflammatory factors, thereby inhibiting
thrombus formation. Therefore, exploring and utilizing
the NF-kB signaling pathway may offer new solutions for
the prevention and treatment of thrombosis. Addition-
ally, ROS also interacts with NF-«B signaling transduc-
tion and can interfere with the NF-kB pathway in various
ways, affecting downstream targets [32]. However, the
specific interactions between ROS and the NF-«B path-
way were not explored in this experiment, which requires
further investigations in future research.

Although our current experimental results indicate
that LIQ has a protective effect on LEDVT mice under
laboratory conditions, more randomized controlled tri-
als are needed to verify its efficacy and safety in clini-
cal applications. Moreover, it is necessary to investigate
the specific mechanisms of LIQ in the NF-«B signaling
pathway. In addition, exploring the combined effects
of LIQ with other anticoagulant drugs or therapeutic
approaches to enhance the treatment outcomes for DVT.
If LIQ is validated in clinical studies, it may have signifi-
cant potential as an adjunctive therapy for the prevention
and treatment of DVT.

Conclusions

LIQ inhibits the activation of the NF-kB signaling path-
way, reduces inflammation and oxidative stress in IVC,
and thereby suppresses thrombus formation in IVC. This
research provides an important theoretical basis for the
application of natural medicines in thromboembolic dis-
eases and is crucial for subsequent clinical studies.
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LEDVT Lower extremity deep vein thrombosis
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HUVECs ~ Human umbilical vein endothelial cells
TF Tissue factor

VCAM-1  Vascular cell adhesion molecule-1
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