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ABSTRACT: Safflower, a traditional Chinese herbal medicine, has been approved in China for the treatment of patients
with thrombotic cardiovascular events. However, the exact mechanisms by which this herbal medicine protects against
these diseases remain elusive. Hydroxysafflor yellow A (HSYA) is a major component of Safflower. Tissue factor
(TF) plays a pivotal role in thrombosis formation and propagation. In this study, oxidized low-density lipoprotein
(oxLDL)-challenged monocytic THP-1 cells were pretreated with HSYA alone or in combination with 2-chloro-5-nitro-
N-phenylbenzamide (GW9662), a peroxisome proliferator-activated receptor-y (PPARY) antagonist. Then, TE PPARy
and phospho-p38 MAPK levels were assessed by real-time PCR and Western blot. In addition, HSYA or HSYA plus
GW9662 were administered to rats fed a high-fat diet (HFD) for 4 weeks, and TE PPARy and phospho-p38 MAPK
levels in peripheral blood mononuclear cells (PBMCs) were evaluated, as well as plasma lipids and thrombus formation
were measured. The results showed that HSYA pretreatment reversed oxLDL-induced TF expression and p38 MAPK
phosphorylation, and promoted PPARY expression and activity in THP-1 cells. Plasma lipid and oxLDL amounts
were elevated in HFD-fed rats. Although failing to change lipid profile, HSYA reduced TF expression, p38 MAPK
phosphorylation, thrombus formation, and promoted PPARYy expression and activity in dyslipidemic rats. GW9662
abolished the effects of HSYA in monocytes. The results indicated that HSYA attenuates oxLDL-induced TF expression
in monocytes, and reduces arterial and venous thrombus formation in dyslipidemic rats. These effects of HSYA are
likely dependent on PPARY upregulation and subsequent p38 MAPK inhibition.
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INTRODUCTION proved in China for the treatment of patients with
ischemic cardiovascular diseases. However, the exact
mechanisms underlying its protective effects against
diseases remain unclear. Several active ingredients
have been extracted from C. tinctorius L., including
yellow and red pigments. Hydroxysafflor yellow A
(HSYA), a water-soluble monomeric component, is the
main chemical component among the yellow pigments,
with multiple biological effects [4,5]. In addition,
Wang and colleagues reported that HSYA effectively

Tissue factor (TF), also known as coagulation fac-
tor III or thrombokinase, is a key initiator of the
extrinsic coagulation cascade. TF binds to coagula-
tion factor VII (FVIla) with high affinity [1]. The
resulting TF-FVIIa complex catalyzes the activation
of factor X, which in turn, catalyzes the conversion
of prothrombin to thrombin, ultimately leading to
blood coagulation and thrombus formation. TF is

inducibly or constitutively expressed at high levels in
multiple cell types, including endothelial cells, vas-
cular smooth muscle cells, lymphocytes, and mono-
cytes. Under normal conditions, TF is barely present
in monocytes. However, monocytic TF expression is
dramatically upregulated in several disorders, such as
oxidative stress, inflammation, and dyslipidemia [2].
Owens and colleagues demonstrated that monocytic
TF is upregulated by increased plasma oxidized low-
density lipoprotein (0xLDL), and enhances thrombosis
in dyslipidemic humans and animals [3]. Therefore,
it could be expected that agents reducing TF or oxLDL
would protect against dyslipidemia-induced thrombo-
sis. As a traditional Chinese herbal medicine, safflower
(Carthamus tinctorius L.) is believed to invigorate the
blood, release stagnation, and promote circulation
and menstruation. Currently, this herb has been ap-

inhibits oxidative stress in the liver via upregulation
of some antioxidant enzymes [6]. Oxidative stress
and inflammation are closely related to dyslipidemia,
which is considered a key risk factor for cardiovas-
cular diseases [7-9]. In patients with dyslipidemia
and cardiovascular diseases, higher levels of oxidative
agents as well as inflammatory mediators are present
in the blood [10-12], which induces TF expression and
thrombus formation. In the present study, we assessed
the effects of HSYA on TF expression, plasma lipid
profile, and thrombogenesis.

MATERIALS AND METHODS
Antibodies and reagents

HSYA was obtained commercially from Must Biotech-
nology Co., Ltd. (Chengdu, China) and human oxLDL
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from XINYUANJIAHE Biotechnology Co., Ltd. (Bei-
jing, China). Rabbit polyclonal antibodies against TE
B-actin, peroxisome proliferator-activated receptor y
(PPARY), as well as horseradish peroxidase (HRP)-
conjugated anti-rabbit and anti-mouse secondary anti-
bodies were purchased from Santa Cruz Biotechnology
(CA, USA). Mouse monoclonal antibodies against p38
MAPK and phospho-p38 MAPK were from Cell Sig-
naling Technology (Beverly, MA, USA). GW9662 was
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Cell culture and rat peripheral blood mononuclear
cell (PBMC) isolation

The human monocytic leukemia THP-1 cell line was
kindly provided by Prof. Yingjian Hou (Hebei Univer-
sity, China). THP-1 cells were cultured in RPMI 1640
(GIBCO, Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum (FBS), antibiotic/anti-mycotic, and
L-glutamine (GIBCO) at 37°C in a humidified atmo-
sphere with 5% CO,. After equilibration in medium
containing 2% serum overnight, the cells were used for
experiments.

PBMCs were isolated from rat blood samples, as
previously reported [13]. Peripheral blood samples
were collected with heparin in NaCl (0.9%) as anti-
coagulant, and diluted with phosphate buffered saline
(PBS). The resulting cell suspension was layered over
Bandicoot Percoll (Solarbio, Beijing, China). After cen-
trifuged at 1,800x g for 30 min, the fraction containing
the PBMCs was carefully collected. Subsequently,
PBMCs were washed with PBS and resuspended in
RPMI 1640 supplemented with 10% FBS. Cell viability
was assessed by trypan blue exclusion, and exceeded
95%.

RNA extraction and real-time polymerase chain
reaction (PCR)

For assessing mRNA level by real-time PCR, total
RNA was extracted from human THP-1 cells and rat
PBMCs using TRIzol reagent (Life Technologies, Carls-
bad, USA). After quantification, RNA was reverse-
transcribed to complementary DNA (cDNA) using a
first strand synthesis kit (Thermo Scientific, Rockford,
IL, USA). Amplification was performed in a total vol-
ume of 25 pl comprising the cDNA template, primers,
SYBR Green and EasyTaq PCR Mix (Transgen Biotech,
Beijing, China).

Real-time PCR was performed on a MX3000P
gPCR detection system (Stratagene, Santa Clara, CA,
USA). Relative mRNA amounts were calculated by the
comparative threshold cycle method. Gene expression
was normalized to f-actin levels.

Western blot analysis

Cells were lysed in lysis buffer (150 mM NaCl, 1%
Triton X-100, 100 mM Tris-HCI (pH 7.4), 1 mM EDTA,
1 mM phenylmethylsulfonyl fluoride, 10 ng/ml apro-
tinin, 10 pg/ml pepstatin A, 20 mM Na,P,0, and 2 mM
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Na,VO,). Total protein was extracted and quanti-
fied using a BCA protein assay kit (Pierce Biotechnol-
ogy Inc., Rockford, USA). Equal amounts of protein
were separated by 10% SDS-PAGE, and transferred
onto PVDF membranes (Millipore Co., Bedford, MA,
USA). The membranes were sequentially incubated
with specific primary antibodies and appropriate HRP-
conjugated secondary antibodies. Immunoreactive
protein bands were visualized by enhanced chemilu-
minescence (Engreen Biosystem, Beijing, China).

PPARy transcriptional activity assessment

The transcriptional activity of PPARy was assessed
using a PPARY transcription factor assay kit (Abcam,
Cambridge, USA). Nuclear extracts from THP-1 cells
and PBMCs were prepared with the nuclear extraction
kit (Abcam), according to the manufacturer’s instruc-
tions. Then, 100 ng of nuclear extract was added to
each well of a 96-well plate pre-coated with a specific
double-stranded DNA (dsDNA) sequence containing
the peroxisome proliferator response element (PPRE).
Specific primary antibodies directed against PPARYy
were added, followed by HRP-conjugated secondary
antibodies. Absorbance was measured at 450 nm on
a microplate reader.

Animal treatment and plasma lipid analysis

Male Sprague-Dawley (SD) rats weighing 180-210 g
were purchased from SPF Laboratory Animal Technol-
ogy Co., Ltd. (Beijing, China), and housed under a
natural light/dark cycle (12:12) at 25°C with food
and water ad libitum. Rats were randomly assigned
to five groups (n = 7 per group): (1) Normal control
(NC) group maintained on standard chow; (2) High-
fat diet (HFD) model group; (3) HFD + low-dose
HSYA (25 mg/kg/day); (4) HFD + medium-dose HSYA
(50 mg/kg/day); and (5) HFD + high-dose HSYA
(100 mg/kg/day). After a 1-week acclimatization pe-
riod, groups 2-5 were fed a high-fat diet (D12451, Re-
search Diets, Inc., New Brunswick, USA) for 4 weeks,
while the NC group continued receiving standard chow
(D12450B, Research Diets). The D12451 HFD was
specifically formulated to induce obesity and metabolic
dysregulation in rodents, with 45% of total calories
derived from fat. Its macronutrient composition con-
sisted of 24% protein (20% kcal), 41% carbohydrate
(35% kcal), and 24% fat (45% kcal), yielding an
energy density of 4.73 kcal/g. The lipid component
comprised primarily lard (88% of total fat content;
177.5 g per 4057 kcal) supplemented with soybean
oil (12% of total fat; 25 g per 4057 kcal). The diet
contained 196.5 mg cholesterol per kg, predominantly
derived from lard (0.95 mg/g).During the last two
weeks, HFD fed rats were injected intraperitoneally
with vehicle or HSYA (25, 50, and 100 mg/kg/day,
respectively). After 2 weeks of treatment, the rats were
anesthetized, and body weights measured; blood was
collected for biochemical analysis. All experimental
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procedures were conducted in accordance with the
Guide for the Care and Use of Laboratory Animals by
the US National Institutes of Health (NIH Publication
No. 85-23, revised 1996); the animal experimental
protocol was approved by the Institutional Animal Care
and Use Committee of Hebei University.

Plasma triglyceride and cholesterol levels were
determined with an automated clinical chemistry an-
alyzer kit (Biosino Biotech, Beijing, China). The
plasma levels of high-density lipoprotein (HDL), low-
density lipoprotein (LDL), apolipoprotein A1 (APOA1),
and apolipoprotein B (APOB) were measured us-
ing an automated clinical chemistry analyzer with
matched reagent kits (Dirui Medical Technology Co.,
Ltd., Changchun, China). An ELISA kit (RD System,
Minneapolis, MN, USA) was used to measure plasma
oxLDL levels, according to the manufacturer’s instruc-
tions.

Establishment of a carotid artery thrombosis
model

The rats were randomly assigned to four experimental
groups (n =7 per group): (1) Normal control group fed
standard chow diet (D12450B, Research Diets, Inc.);
(2) HFD model group receiving D12451 diet (Research
Diets, Inc.; 45% kcal from fat) and vehicle injections;
(3) HFD + HSYA treatment group (50 mg/kg/day,
i.p.); (4) HFD + HSYA (50 mg/kg/day) + GW9662
(1 mg/kg/day, i.p.) combination treatment group.
Following a 1-week acclimation period, dyslipidemia
was induced by 4 weeks of HFD feeding in groups 2—
4. Pharmacological interventions were administered
during the final 2 weeks of dietary induction, with
all injections performed at consistent times daily. The
normal control group received standard diet through-
out the study period without any pharmacological
treatment. Four hours after the last treatment, the
animals were anesthetized with pentobarbital sodium
(100 mg/kg, DINGGUO, Beijing, China). Then, the left
common carotid artery was dissected and a stack of
filter paper was saturated with ferric chloride (10%
w/v) and placed on the adventitia’s surface. After
3 min, blood flow of the carotid artery was monitored
on a flowmeter (Transonic Systems, Ithaca, NY, USA),
and time to occlusion was measured.

Venous thrombosis model establishment

Ligation of inferior vena cava (IVC) was performed
to induce venous thrombosis as described previ-
ously [14]. Before IVC ligation, rats were fed
HFD for 4 weeks. During the last two weeks,
dyslipidemic rats were injected daily with vehicle,
HSYA (50 mg/kg/day) or HSYA (50 mg/kg/day) plus
GW9662 (1 mg/kg/day). After 2 weeks of treatment,
rats were anesthetized with pentobarbital sodium
(50 mg/kg, DINGGUO). A midline laparotomy was
performed, with the IVC ligated immediately below the
renal veins. The abdomen was closed and the animal

was allowed to recover. After 7 days, the IVC was
harvested and weighed; the resulting weights were
normalized to body weight (mg/kg) to derive the mass
of thrombus formed during the period of venous stasis.

Statistical analysis

Statistical analysis was conducted using Graph-
Pad Prism version 10.1. Data are presented as
mean + standard deviation (SD) and represent results
from at least three independent experiments. The
normality of the data was assessed using the Shapiro-
Wilk test. For normally distributed data, one-way anal-
ysis of variance (ANOVA) was employed to compare
differences among groups. When ANOVA indicated
significant differences, post hoc multiple comparisons
were conducted using Tukey’s test. p < 0.05 was con-
sidered statistically significant. Significant differences
between groups are indicated in the figure legends.

RESULTS

HSYA inhibits oxLDL-induced TF expression in
human monocytic THP-1 cells

To investigate whether HSYA modulates TF expres-
sion in monocytes, THP-1 cells were pretreated with
HSYA at various concentrations for 4 h, and chal-
lenged with oxLDL (50 ng/ml). Real-time PCR was
then used to determine TF mRNA levels. The results
showed that OxLDL stimulation markedly increased TF
mRNA expression in THP-1 cells. Compared with cells
treated with oxLDL alone, pretreatment with HSYA at
0.2 pM and 1 pM reduced TF mRNA levels by approxi-
mately 49% and 64%, respectively (Fig. 1A). However,
0.04 pM of HSYA only displayed a modest inhibitory
effect on TF expression. Subsequently, TF protein
levels were measured by Western blot. As shown
in Fig. 1B and C, oxLDL-induced TF protein expression
was also effectively attenuated by HSYA at 0.2 uM and
1 uM but not 0.04 uM. These findings indicated that
HSYA suppresses monocytic TF expression.

HSYA inhibits TF induction by oxLDL in THP-1 cells
by enhancing PPARY activity and reducing p38
MAPK phosphorylation

As a nuclear receptor, PPARY is activated by binding
to its ligands, and promotes its own transcription as
well as that of target genes. It was reported previ-
ously that HSYA suppresses liver fibrosis via PPARY
upregulation [15]. Similar to the previous report,
our data showed that PPARy transcriptional activity
was also enhanced by HSYA at 0.2 uM and 1 pM
(Fig. 2A). Cells were pretreated with HSYA or HSYA
plus GW9662, a PPARY-specific inhibitor, for 4 h. Sub-
sequently, THP-1 cells were challenged with oxLDL.
HSYA-enhanced PPARYy activity was suppressed par-
tially by GW9662 pretreatment (Fig. 2B). Using real-
time PCR, the mRNA level of TF was measured in
THP-1 cells. As shown in Fig. 2C, oxLDL-induced
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Fig. 1 HSYA suppresses oxLDL-induced TF expression in monocytic THP-1 cells. Followed by oxLDL challenge (50 pg/ml), THP-1
cells were pretreated with HSYA at the indicated doses for 4 h. Then, mRNA (A) and protein (B) levels of TF were determined by
real-time PCR and Western blot, respectively. Densitometric analysis of Western blot bands was performed using ImageJ software (C).
All experiments were performed in triplicate. ** p < 0.01 vs. untreated cells; # p < 0.05 vs. cells treated with oxLDL alone.

TF mRNA expression was inhibited by HSYA pre-
incubation, which was at least partially reversed by
GW9662. Similar patterns of TF protein expression
were observed in Western blot analyses (Fig. 2D, E).
These results indicated that PPARy activation may be
responsible for the inhibitory effects of HSYA on TF
expression.

The MAPK pathway mediates NF-kB-dependent TF
expression, and PPARy activation can inhibit MAPK
phosphorylation and activity [16,17]. To assess the
regulation of MAPK activity by HSYA and PPARY, we
examined p38 MAPK phosphorylation in THP-1 cells.
As shown in Fig. 2F and G, oxLDL challenge resulted
in elevated ratio of phospho/total-p38 MAPK, an effect
that was at least partially abolished by HSYA treat-
ment. However, HSYA-suppressed MAPK phosphory-
lation was blocked by GW9662. The PPARY specific
inhibitor also decreased HSYA-suppressed TF expres-
sion. These results suggested that p38 MAPK may be
downstream of PPARy which mediates the inhibitory
effects of HSYA on TF expression.

HSYA fails to improve the plasma lipid profile in
rats fed high-fat diet

To extend our in vitro observations to an in vivo con-
text, a dyslipidemic animal model was established with
rats fed HFD for 4 weeks. From weeks 3 to 4, the
animals were injected intraperitoneally with vehicle
or HSYA (25, 50 and 100 mg/kg/day). Compared to
rats fed a normal chow diet, the plasma levels of LDL,
APOB, oxLDL, total cholesterol, and triglycerides were
significantly higher in HFD-fed rats, while HDL and
APOAL1 levels were lower (Fig. 3). In addition, the HFD
greatly accelerated weight gain in rats. However, no
significant differences in body weight and blood lipids
levels were detected between untreated dyslipidemic
rats and those treated with various doses of HSYA.

HSYA suppresses TF expression in dyslipidemic
rats by upregulating PPARY and suppressing p38
MAPK phosphorylation

The aforementioned animal models were used to con-
firm our in vitro findings that HSYA inhibits TF ex-
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pression by enhancing PPARy activity and suppress-
ing MAPK phosphorylation. Compared with PBMCs
isolated from normal control rats, higher levels of
P38 MAPK phosphorylation and TF expression were
observed in cells from dyslipidemic rats (Fig. 4B-F).
As shown in Fig. 4, HSYA administration attenuated
dyslipidemia-induced p38 MAPK phosphorylation and
TF expression, and enhanced PPARY transcriptional
activity. All these responses of PBMCs to HSYA were
blocked by GW9662 treatment (1 mg/kg/day, in-
traperitoneally). Therefore, these in vivo data further
confirmed the inhibitory effects of HSYA on TF expres-
sion via activation of PPARY and suppression of p38
MAPK phosphorylation.

HSYA attenuates thrombus formation accelerated
by dyslipidemia in rats

TF is a predominant activator of blood coagulation
and thrombus formation. To assess the functional
consequence of HSYA regulation of TE venous and ar-
terial thrombus formation was assessed. The common
carotid artery was damaged with 10% FeCl,, inducing
thrombosis that led to vessel occlusion. Compared
with HFD-fed rats injected with vehicle, time to occlu-
sion of the damaged artery was prolonged in HSYA-
treated HFD rats (Fig. 5A). This indicated that HSYA
was capable of delaying arterial thrombus formation.
Meanwhile, the effect of HSYA on arterial thrombus
formation was abolished, at least in part, by GW9662
treatment (1 mg/kg/day). IVC ligation was employed
to induce deep vein thrombosis. Similarly, HSYA exhib-
ited an inhibitory effect on the venous thrombus mass,
an effect blocked by GW9662 (Fig. 5B).

DISCUSSION

Thrombus, a blood clot that develops in blood ves-
sels, can obstruct the blood flow to major organs
and induce cardiovascular diseases [18]. As noted
by Chananikan et al [19], acute coronary syndrome
(ACS) is a group of symptoms with high morbidity
and mortality, often caused by the erosion or rupture
of atherosclerotic plaques. The pathology begins with
plaque formation in the coronary arteries, and elevated
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Fig. 2 HSYA suppresses TF expression through the PPARY/MAPK pathway. THP-1 cells were incubated with HSYA at the indicated
doses for 4 h. PPARy transcriptional activity was determined with a transcription factor assay kit (A). Followed by oxLDL challenge
(50 ug/ml), THP-1 cells were pretreated with HSYA (1 uM) alone or in combination with GW9662 (10 pM) for 4 h. PPARY activity (B),
TF at the levels of mRNA (C) and protein (D, E), and MAPK phosphorylation (E G) were detected. Densitometric analysis of Western
blot bands was performed using ImageJ software (E, G). All experiments were performed in triplicate. ** p < 0.01 vs. untreated cells;
#p < 0.05 vs. cells treated with oxLDL alone; ¥ p < 0.05 vs. cells treated with oxLDL plus HSYA.
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Fig. 3 HSYA does not improve the plasma lipid profile in rats fed a high-fat diet (HFD). Rats were fed a rodent chow diet or HFD
for 4 weeks. During the last two weeks, HFD-fed rats were injected intraperitoneally with vehicle or HSYA (25, 50, 100 mg/kg/day).
After 2 weeks of administration, rat body weights were measured, and blood was drawn to determine total triglyceride (TG), total
cholesterol (TC), oxLDL, LDL, HDL, APOA1 and APOB levels in the plasma. Histobars represent mean+SD (n = 7). *p < 0.05 vs.
chow diet group.
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Fig. 4 HSYA attenuates TF induction in dyslipidemic rats via the PPARY/MAPK pathway. Rats were fed a chow diet or HFD for
4 weeks. During the last two weeks, dyslipidemic rats were injected intraperitoneally with vehicle, HSYA (50 mg/kg/day) or HSYA
(50 mg/kg/day) plus GW9662 (1 mg/kg/day). Six hours after the last treatment, PPARy transcriptional activity was determined with
a transcription factor assay kit (A). TF mRNA level were assessed by real-time PCR (B). TF protein (C, D) and MAPK phosphorylation
levels (E, F) were detected by Western blot. Densitometric analysis of Western blot bands was performed using ImageJ software (D, F).
PPARYy transcriptional activity was determined with a transcription factor assay kit. Histobars represent mean=+SD (n =7). *p < 0.05,
** p < 0.01 vs. chow diet group. # p < 0.05 vs. HFD group; ¥ p < 0.05 vs. HFD+HSYA.

inflammatory biomarkers, such as fibrinogen and hs-
CRB are linked to plaque progression and rupture,
ultimately leading to thrombus formation and cardio-
vascular events. TF plays a pivotal role in the formation
and propagation of thrombosis. With a cell type-
specific deletion approach, Pawlinski and Mackman
analyzed the cellular sources of TF that contribute
to coagulation activation. They found that TF ex-
pression by both bone marrow and non-bone marrow
cells promotes coagulation. Myeloid cells (most likely
monocytes) are the major source of TF amongst bone
marrow cells [20]. HSYA is a major active chemical
component of safflower, which is used for the treat-
ment of cardiovascular diseases in China. However,
the mechanisms underlying the effects of safflower on
cardiovascular diseases remain unclear. In the present

study, HSYA attenuated the induction of monocytic TF
by oxLDL and reduced thrombosis in dyslipidemic rats.

PPARy has been shown to be implicated in HSYA's
effects. Similar to the way re-searchers study the
physicochemical properties and engine performance
of biodiesel from egusi seeds [21], we utilized bio-
chemical and molecular biology techniques to ex-
plore the mechanisms underlying HSYAs effects on
cardiovascular diseases. Liu et al demonstrated that
HSYA reduces CCl,- and HFD-mediated liver fibro-
sis via PPARy upregulation [22,23]. PPARs belong
to the nuclear receptor superfamily that functions as
transcription factors regulating the expression of their
target genes [24]. Activated by their respective lig-
ands, PPARs heterodimerize with the retinoid X re-
ceptor (RXR) and bind to specific regions on target
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Fig. 5 Effects of HSYA administration on thrombogenesis. Rats were fed a chow diet or HFD for 4 weeks. During the last two
weeks, dyslipidemic rats were injected intraperitoneally with vehicle, HSYA (50 mg/kg/day) or HSYA (50 mg/kg/day) plus GW9662
(1 mg/kg/day). Six hours after the last treatment, the left common carotid artery was stimulated with ferric chloride (10% w/v), and

time to artery occlusion was measured (A). Ligation of the inferior vena cava (IVC) was performed to induce venous thrombosis. After

7 days, the IVC was extracted and weighed; the weights were normalized to body weights (mg/kg) to calculate the mass of thrombus
formed during the period of venous stasis (B). Histobars represent mean=SD (n = 7). * p < 0.05 vs. chow diet group, #p < 0.05 vs.

HFD rats treated with vehicle.

gene DNAs. There are 3 known PPAR isoforms in
mammals, namely a, p/8, and y. PPARy plays an
essential role in various physiological and pathologi-
cal processes such as adipogenesis, insulin resistance,
and inflammation [24]. In addition, PPARY exhibits
a close association with thrombus formation and TF
expression. Although Neri et al proposed that PPARY
agonists could promote thrombogenesis by increas-
ing TF-bearing microparticles [25,26], further studies
demonstrated the inhibitory effects of PPARy on TF
and thrombosis. In human vascular endothelial cells
and monocytes, TF induction in response to TNF-a is
inhibited by rosiglitazone, a synthetic PPARy agonist
[27,28]. As shown above, HSYA enhanced the expres-
sion and transcriptional activity of PPARy in human
THP-1 cells and rat PBMCs. In addition, a PPARy
antagonist abolished HSYA induced inhibition of both
monocytic TF expression and thrombus formation.
These results suggest that PPARy upregulation could
be a prerequisite for the inhibitory effects of HSYA on
TF and thrombosis.

In addition to PPARY, p38 MAPK is involved in
HSYAs effect on TF expression. As shown in the
study of geniposidic acid [29], which exhibits anti-
inflammatory properties and can suppress inflamma-
tion by regulating various proteins, our research also
suggests that HSYAs inhibitory effects on TF and
thrombosis may involve multiple signaling pathways.
Of note, p38 MAPK is phosphorylated and activated by
a diverse array of stimuli such as mitogens and inflam-
matory cytokines. Hu et al demonstrated that oxLDL
induces p38 MAPK phosphorylation and activation
[30,31], in agreement with our results. Meanwhile,
p38 MAPK activation plays an essential role in TF
expression induced by platelet-derived growth factor
(PDGF), endotoxin and phosphatidylserine-dependent
anti-prothrombin anti-body [32]. PPARY is upstream
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to MAPK. Liu et al reported that HSYA upregulates
PPARY expression and reduces p38 MAPK phospho-
rylation, effects abolished by the PPARy antago-nist
GW9662. Concurrent to reduced TF expression, we
found that HSYA suppressed p38 MAPK phosphoryla-
tion in oxLDL-challenged THP-1 cells and dyslipidemic
rats, and these effects were blocked by GW9662. These
results suggest that PPARy upregulation suppresses TF
expression by blocking p38 MAPK activation in HSYA-
treated monocytes.

Dyslipidemia affects millions of patients world-
wide, who have elevated levels of plas-ma lipids con-
sisting largely of triglycerides and cholesterol (and de-
rived esters). It is well established that elevated triglyc-
eride and cholesterol amounts in plasma contribute
greatly to a higher prevalence of arterial thrombosis
[33, 34]. In this study, accelerated arterial and venous
thrombosis was found to parallel elevated levels of
plasma triglycerides, cholesterol, and oxLDL in HFD-
fed rats. Compared with untreated dyslipidemic rats,
HSYA at 50 mg/kg/day barely improved the lipid
profile. In the above in vivo experiments, the HSYA
dosage used was similar to or even higher than those
previously reported. It was suggested that 50 mg/kg/-
day of HSYA is sufficient to improve pulmonary fi-
brosis, and lipopolysaccharide-induced inflammation
was effectively inhibited by HSYA at 40 mg/kg/day
[35, 36]. Although regular HSYA doses have no effects
on plasma lipids, HSYA at 50 mg/kg/day significantly
suppressed monocytic TF expression as well as arte-
rial and venous thrombus formation in dyslipidemic
rats. These results suggest that HSYA suppression
of thrombosis could be independent of its hypolipi-
demic effects. We propose that the inhibitory effects
of HSYA on dyslipidemic-enhanced thrombosis may
be attributed to oxLDL downregulation-induced TE
Several studies demonstrated that oxLDL, in dyslipi-
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demia setting, induces TF expression and thrombosis in
human monocytes, which is consistent with the present
data [37,38]. The TF-FVIIa complex catalyzes factor X
activation, leading to thrombin generation, and finally
a fibrin clot. Reduced TF activity with neutralizing
antibodies greatly im-proves the coagulation status in
dyslipidemic mice, and TF deficiency in myeloid cells
limits thrombogenesis [39]. Therefore, dyslipidemia-
related thrombosis can be improved by HSYA, which
was shown to suppress hematopoietic cell-derived TF
in the present study. Certainly, other mechanisms
involved in HSYA inhibition of thrombosis cannot be
ruled out.

The clinical significance of this study extends be-
yond providing new strategies for the treatment of
thrombotic diseases. It also offers new insights for the
development of HSYA-based pharmaceutical therapies.
Given that hyperlipidemia exacerbates thrombosis, tar-
geting TF expression with HSYA could offer an effective
treatment option for arterial and venous thromboem-
bolic events. Furthermore, HSYAs ability to regulate
key signaling pathways such as PPARy and p38 MAPK
provides a foundation for the development of novel
multi-targeted therapeutic strategies for thrombotic
diseases.

Although the results of our study are promising,
several limitations need to be addressed in future
research. First, while we have demonstrated the in-
hibitory effects of HSYA on TF expression and throm-
bosis in animal models, these findings need to be
confirmed in human clinical trials to assess their trans-
lational relevance. The dose of HSYA used in our study
was relatively high, and future research should explore
optimal dosing strategies and evaluate the long-term
safety of HSYA in humans. Furthermore, although
our research focused on the impact of HSYA on TF
expression in a hyperlipidemic rat model, the broader
effects of HSYA on platelet function, coagulation path-
ways, and endothelial cell behavior have not been fully
explored. Future studies should investigate these as-
pects to provide a more comprehensive understanding
of HSYAs role in thrombosis. Further exploration of
how HSYA interacts with other thrombotic mediators,
such as fibrinogen or prothrombin, may also reveal its
therapeutic potential. Finally, while our study suggests
that HSYA reduces thrombotic events independently
of its lipid-lowering effects, investigating the inter-
actions between HSYA and other anti-thrombotic drugs
(such as anticoagulants or antiplatelet drugs) is es-
sential. Research on potential drug interactions will
help determine the safety and efficacy of HSYA as part
of a comprehensive treatment strategy for thrombotic
diseases.

CONCLUSION

We demonstrated that HSYA attenuates oxLDL-
induced TF expression in monocytes, and reduces ar-
terial and venous thrombus formation in dyslipidemic

rats. These protective effects of HSYA are possibly
dependent on PPARy activation and subsequent p38
MAPK inhibition. These findings suggest that HSYA
could be developed as a novel therapeutic approach
for the treatment of thrombotic diseases.
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