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Abstract

Coronary heart disease is an ischemic condition characterized by vascular stenosis or obstruction caused by coronary athero-
sclerosis, resulting in myocardial ischemia, hypoxia, or necrosis. It is one of the leading causes of death in both urban and rural
populations in China. Safflower yellow pigments, the main active components of the traditional Chinese herbal medicine saf-
flower, are primarily composed of quinochalcone compounds, including hydroxysafflor yellow A and anhydrosafflor yellow
B — of which hydroxysafflor yellow A is the principal component. Studies have demonstrated that these pigments can improve
myocardial ischemia, reduce ischemia-reperfusion injury, alleviate atherosclerotic damage, and address risk factors associated
with coronary heart disease. This review aimed to systematically and comprehensively summarize the mechanisms of action
of safflower yellow pigments and their active components in the context of coronary heart disease and its related risk factors.

Introduction

Coronary atherosclerotic heart disease, commonly known as coro-
nary heart disease or ischemic heart disease, is one of the most
prevalent cardiovascular conditions encountered in clinical prac-
tice. Its etiology involves atherosclerotic lesions or spasms in the
coronary arteries, leading to narrowing or obstruction of the arte-
rial lumen, ultimately resulting in myocardial ischemia, hypoxia,
or necrosis. According to the Report on Cardiovascular Health
and Diseases in China 2023,! approximately 330 million people in
China are affected by cardiovascular diseases. These diseases are
the leading cause of death among both urban and rural residents.
Their high prevalence and associated mortality rates significantly
contribute to the public health burden, underscoring the urgent
need for effective prevention and treatment strategies.

Traditional Chinese medicine utilizes safflower, derived from
the dried flowers of Carthamus tinctorius L., a plant in the Aster-
aceae family. Safflower is renowned for its ability to promote
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blood circulation, alleviate blood stasis, and relieve pain, making
it one of the most widely recognized traditional Chinese medicines
for activating blood flow and resolving blood stasis. Its primary
constituents include flavonoids (e.g., quinochalcone C-glyco-
sides), alkaloids, volatile oils, and fatty acids.? Safflower yellow
pigments are a class of water-soluble quinochalcone C-glycosides
extracted from the aqueous solution of safflower. These include
hydroxysafflor yellow A (HSYA) and anhydrosafflor yellow B
(AHSYB).? HSYA is not only the principal active component of
safflower yellow pigments but also serves as a quality control
marker for safflower-derived medicinal products, as stipulated in
the 2025 edition of the Pharmacopoeia of the People's Republic of
China.* Safflower yellow injection (SYT), a modern pharmaceuti-
cal formulation, is categorized as a Class II innovative Chinese
medicine. It has been recognized as a safe and effective treatment
for angina pectoris associated with coronary heart disease and has
been endorsed by numerous clinical guidelines, expert consensus
statements, and standardized clinical pathways.5¢ This article re-
views the latest advancements in the application of safflower yel-
low pigments and their active components for the treatment of
coronary heart disease and its associated risk factors, aiming to
provide a valuable reference for future basic research and clinical
practice involving these compounds.

Chemical composition and pharmacokinetics of safflower yel-
low pigments

Chemical composition of safflower yellow pigments

To date, the components of safflower yellow pigments include
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safflor yellow A, hydroxysafflor yellow A, safflor yellow B, an-
hydrosafflor yellow B, safflomin A, safflomin B, safflomin C,
isosafflomin C, methylsafflomin C, methylisosafflomin C, safflo-
quinoside A, saffloquinoside B, saffloquinoside C, saffloquinoside
D, cartormin, tinctormine, isocartormin, hydroxysafflor yellow
A-4'-0-B-D-glucopyranoside, 3'-hydroxyhydroxysafflor yellow
A, hydroxysaftlor yellow B, hydroxysafflor yellow C, carthorqui-
noside A, and carthorquinoside B. In our previous studies, hy-
droxysaftlor yellow B, hydroxysafflor yellow C, carthorquinoside
A, and carthorquinoside B were isolated and identified from saf-
flower.”# Among them, HSYA and AHSYB are the main active
components of safflower yellow pigments.>These components col-
lectively endow safflower yellow pigments with pharmacological
activities such as cardiovascular protection, anti-inflammatory ef-
fects, and antioxidant properties.

Pharmacokinetics of safflower yellow pigments

Investigating the pharmacokinetic processes of safflower yellow
pigments is of great significance for elucidating the pharmaco-
dynamic material basis and pharmacological characteristics of
safflower. Studies have shown that after oral gavage of HSYA in
normal rats, the plasma concentration-time curve exhibited a dou-
ble absorption peak. The oral absorption of HSYA was relatively
poor, with the highest plasma concentration reached at 20-50 m.
The absolute bioavailability was 1.2%.? After intravenous injec-
tion of HSYA via the tail vein in normal rats, the area under the
drug-time curve of HSYA, analyzed by both non-compartmental
and compartmental models, exhibited linear pharmacokinetic
characteristics within the dose range of 3—12 mg-kg™'.1% Follow-
ing intravenous injections of 75 mg HSYA administered to 12
healthy volunteers for 14 consecutive days, pharmacokinetic data
revealed that HSYA was rapidly eliminated from the body, exhib-
iting a half-life of 4.0-4.7 h, with almost no accumulation.!! Our
research team found that after oral gavage of AHSYB in normal
rats, the pharmacokinetic characteristics indicated rapid elimina-
tion of AHSYB and low oral bioavailability (approximately 0.3%).
The possible reasons include potential hydrolysis of AHSYB in
the gastrointestinal tract, poor permeability through the intestinal
epithelial membrane, and the first-pass effect of the liver.!> HSYA
was detected in the heart, liver, spleen, lungs, kidneys, brain, and
gastrointestinal tract following oral administration of safflower
yellow pigments in rats, indicating wide distribution throughout
the body.!? After intravenous injection of SYT into the tail vein of
mice, HSYA was widely distributed in the mouse body. Analysis
of the areas under the drug-time curve in different organs revealed
the following order of magnitude: blood, kidney, liver, lung, heart,
spleen.'* Our research team compared the metabolic profiles of
normal rats and blood stasis rats after oral gavage with HSYA.
In normal rats, eight metabolites were identified in addition to
the parent drug, including five phase I metabolites (hydrolysis,
reduction, hydroxylation, hydration, and methylation) and three
phase II metabolites (acetylation, glucuronidation, and glucuro-
nidation plus hydroxylation). In contrast, only seven metabolites
were detected in blood stasis rats, with the glucuronidation plus
hydroxylation product absent. This indicates that the metabolic
products of HSYA vary between different animal models.'> After
intravenous administration of AHSYB, a total of 22 metabolites
were detected in rat plasma, urine, bile, and feces, with the high-
est number found in urine (17) and bile (13). Among these, re-
duction and hydrolysis products of AHSYB were present in the
highest amounts and may play important pharmacological roles.®
Following oral gavage, HSYA is primarily excreted via feces,!?

DOI: 10.14218/FIM.2025.00016 | Volume 4 Issue 2, June 2025

Future Integr Med

whereas after intravenous administration, HSYA is mainly ex-
creted through urine.’

Advances in the research of safflower yellow pigments for the
treatment of coronary heart disease

Improving myocardial ischemia

Myocardial ischemia, the fundamental pathological characteristic
of coronary heart disease, occurs due to reduced coronary blood
flow caused by arterial narrowing, spasm, or embolism, leading to
insufficient oxygen and blood supply to the myocardium. Clinical
evidence indicates that SYI significantly alleviates symptoms such
as chest tightness and chest pain in patients with myocardial infarc-
tion. It also improves cardiac function indicators (ejection fraction
and early diastolic velocity peak) and hemorheology parameters
(whole blood viscosity, plasma viscosity, fibrinogen levels, and
hematocrit), while causing minimal adverse reactions, demonstrat-
ing its safety and efficacy in alleviating myocardial ischemia.!”18
A multicenter, randomized, active parallel-controlled clinical trial
was conducted on 448 coronary heart disease patients with blood
stasis syndrome. After 14 days of SYI treatment, the improvement
rates of angina and traditional Chinese medicine symptoms were
superior to those in the control group.'® Pharmacological studies
have shown that safflower yellow pigments reduce myocardial
infarct size in animal models, including rats, mice, and dogs, sub-
jected to coronary artery ligation. They improve cardiac dysfunc-
tion caused by myocardial ischemia, indicating protective effects
on ischemic myocardium.?-2* Intravenous injection of safflower
yellow pigments in dogs with myocardial ischemia induced by
coronary artery ligation inhibited the elevation of serum lactate
dehydrogenase (LDH) and creatine kinase levels, reduced the ex-
tent of myocardial ischemia, and exhibited a dose-dependent effect
(10-40 mg/kg).?s Moreover, Wei et al.2% found that intravenous in-
jection of safflower yellow pigments in myocardial infarction rats
induced by ligating the left anterior descending coronary artery re-
duced ventricular relative weight, decreased infarct size, improved
left ventricular diastolic and systolic function, and enhanced
hemorheology parameters, thereby protecting cardiac function.
Inflammatory factors are closely associated with myocardial
ischemia in coronary heart disease. Niu et al.?’ found that com-
pared to patients receiving nicorandil alone, the combination of
nicorandil and SYI significantly reduced pro-inflammatory cy-
tokines (interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-a),
C-reactive protein (CRP)) in myocardial ischemia patients, sug-
gesting that SYI may alleviate myocardial ischemia by sup-
pressing inflammation. Additionally, safflower yellow pigments
reduced plasma levels of endothelin, matrix metalloproteinase-9
(MMP-9), high-sensitivity c-reactive protein (hs-CRP), and plate-
let aggregation rates, thereby mitigating inflammatory responses
and myocardial ischemic injury in patients with coronary heart
disease.?® Zou et al?® demonstrated that intraperitoneal injec-
tion of HSYA in a mouse model of acute myocardial infarction
improved hemodynamics and enhanced the expression of platelet
endothelial cell adhesion molecule-1 (CD31), vascular endothelial
growth factor-A (VEGF-A), and nucleolin. The overexpression of
nucleolin stabilized the messenger RNA (mRNA) of VEGF-A and
MMP-9 in vascular endothelial cells, thereby mediating the angio-
genic effects of HSYA. SYI was found to dose-dependently inhibit
platelet aggregation induced by adenosine diphosphate (ADP)
and arachidonic acid in rabbits. Additionally, SYI prolonged ac-
tivated partial thromboplastin time, prothrombin time, and throm-
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Fig. 1. Mechanism of safflower yellow pigments and their active components in improving myocardial ischemia. ", activation; |, inhibition. AA, arachi-
donic acid; ADP, adenosine diphosphate; APTT, activated partial thromboplastin time; CD31, platelet endothelial cell adhesion molecule-1; CRP, C-reactive
protein; HO-1, heme oxygenase-1; hs-CRP, high-sensitivity C-reactive protein; HSYA, hydroxysafflor yellow A; IL-6, interleukin-6; Keap 1, Kelch-like ECH-
associated protein 1; MDA, malondialdehyde; MMP-9, matrix metalloproteinase-9; mRNA, messenger RNA; NQO1, NAD(P)H quinone dehydrogenase 1;
Nrf2, nuclear factor erythroid 2-related factor 2; PT, prothrombin time; SYI, Safflower yellow injection; TNF-a, tumor necrosis factor-alpha; TT, thrombin

time; VEGF-A, vascular endothelial growth factor-A.

bin time, demonstrating anticoagulant and cardiovascular protec-
tive effects.3 HSYA also reduced oxidative stress by decreasing
malondialdehyde levels, mitigating oxidative damage to myocar-
dial cells.3! Research demonstrated that HSYA can alleviate oxi-
dative stress-induced damage to cardiomyocytes. This mechanism
may be attributed to the suppression of Keap! mRNA expression
within cardiomyocytes by HSYA, thereby facilitating activation of
nuclear factor erythroid 2-related factor 2 (Nrf2). This activation
enhances the expression of downstream antioxidant enzyme genes,
such as HO-1 and NOQOI mRNA 3? In summary, safflower yellow
pigments and their active components primarily exert myocardial
protective effects through mechanisms such as inhibiting the re-
lease of inflammatory factors, promoting angiogenesis, reducing
oxidative stress, and exhibiting anticoagulant properties (Fig. 1).

Reducing myocardial ischemia-reperfusion injury

Coronary intervention to restore blood flow is the recommended
guideline for treating myocardial infarction. However, restor-
ing blood flow after ischemia can sometimes exacerbate tissue
damage, leading to irreversible injury, a phenomenon known as
myocardial ischemia-reperfusion injury (MIRI). During myocar-
dial ischemia-reperfusion, increased production of cell adhesion
molecules, chemokines, and cytokines triggers excessive inflam-
mation, resulting in myocardial cell damage. It has been found that
HSYA can significantly reduce the area of myocardial infarction
and strongly inhibit the release of cardiac enzymes and inflam-
matory factors induced by ischemia and infarction, significantly
improving cardiac function, increasing myocardial blood flow, and
decreasing MIRI.33-3¢ In a rat model of MIRI, Xu ef al.3* admin-
istered HSYA into isolated coronary arteries and found that HSYA
significantly reduced infarct size and inhibited the release of crea-
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tine kinase isoenzyme and cardiac troponin I induced by ischemia
and infarction. Simultaneously, HSYA decreased serum levels of
inflammatory cytokines such as IL-1, IL-6, and TNF-q, increased
myocardial blood flow, and reduced MIRI. Liu et al.** adminis-
tered HSYA via femoral vein injection in rats with MIRI and found
that different doses of HSYA (4, 8, and 16 mg kg !) reduced the
myocardial infarction area to varying degrees. Meanwhile, serum
creatine kinase isoenzyme, LDH, and cardiac troponin I leakage
were reduced; levels of IL-6, IL-1f3, TNF-a, and myeloperoxidase
activity decreased; plasma levels of 6-keto-prostaglandin-Fla in-
creased; and levels of thromboxane B2 were significantly reduced,
suggesting that HSYA reduces the inflammatory response and at-
tenuates MIRI. The nuclear factor kappa B (NF-kB) pathway is
critical in inflammation and immune responses. One study found
that intraperitoneal injection of HSYA in MIRI rats attenuated se-
rum levels of inflammatory factors such as hs-CRP, IL-6, IL-1p,
and TNF-a and reduced myocardial inflammatory injury in these
animals. The mechanism of action may involve inhibition of Toll-
like receptor 4 (TLR4)/NF-kB protein expression.3

During myocardial ischemia-reperfusion, excessive reactive
oxygen species (ROS) are produced, triggering oxidative stress
that damages protein and nucleic acid structure and function, ul-
timately leading to cell apoptosis. Yu et al.3® administered HSYA
via gavage to rats for two weeks and subsequently established an
MIRI rat model. The results indicated that HSYA upregulated the
expression of B-cell lymphoma 2 (Bcl-2) and downregulated the
expression of Bax in myocardial tissues, thereby inhibiting apop-
tosis. Additionally, HSYA reduced serum malondialdehyde levels
and increased superoxide dismutase activity, mitigating oxidative
stress. The effects of HSYA in reducing MIRI may be related to
the p38 MAPK/SERCA2a signaling pathway. HSYA also pro-
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moted HO-1 expression, protein kinase B (Akt), and facilitated
Nrf2 nuclear translocation, thereby reducing hypoxia/reoxygena-
tion (H/R)-induced apoptosis in H9C2 cardiomyocytes. Further-
more, inhibitors of phosphatidylinositol 3-kinase (PI3K) reversed
these protective effects of HSYA, indicating that HSYA exerts its
effects against MIRI by modulating the PI3K/Akt/Nrf2 signaling
pathway.?® Additionally, HSYA regulates miR-499 expression,
reducing ROS release and caspase-3 expression induced by H/R
in H9C2 cardiomyocytes, which helps inhibit oxidative stress, en-
hance cell viability, suppress apoptosis, and alleviate myocardial
injury.** AHSYB increases the viability of HIC2 cells subjected
to oxygen-glucose deprivation/reoxygenation (OGD/R), enhances
ATP content, and decreases ROS and LDH levels in OGD/R-in-
jured cells. It inhibits OGD/R-induced expression of cytochrome
¢ and caspase-3 proteins in the cytoplasm, demonstrating anti-ap-
optotic ability.*!

During myocardial ischemia-reperfusion, mitochondrial oxida-
tive phosphorylation is disrupted, reducing ATP production, while
elevated calcium ion concentrations adversely affect mitochon-
drial function. HSYA alleviates MIRI by regulating mitochon-
drial energy metabolism and restoring mitochondrial function.*43
Mdhl1 is a malate dehydrogenase 1 enzyme that plays a crucial
role in energy metabolism. In a mouse model of MIRI, HSYA was
administered via tail-vein injection. It enhanced mitochondrial
function and energy metabolism by increasing the thermal stabil-
ity and enzymatic activity of the Mdhl protein, thereby providing
significant protection against MIRL.#> HSYA reduced LDH levels
in coronary effluents, prevented ischemia-induced cardiomyocyte
apoptosis and mitochondrial membrane depolarization, increased
phosphorylation of endothelial nitric oxide synthase (eNOS), and
inhibited Ca?*-induced mitochondrial swelling and opening of the
mitochondrial permeability transition pore, providing substantial
protection in MIRI rats.** Mitochondrial dysfunction can directly
induce myocardial cell injury, with hexokinase II (HKII), regulated
by the Akt signaling pathway, playing a pivotal role in mitochon-
drial function. HSYA reduces LDH content and caspase-3 expres-
sion, alleviates oxidative stress and apoptosis, and increases ATP
production and mitochondrial energy metabolism in H/R-induced
HIC2 cells, potentially by targeting and modulating the Akt/HKII
signaling pathway.**

In addition, safflower yellow pigments and their active com-
ponents exhibit other therapeutic effects against MIRI. During
ischemia and hypoxia, the body initiates migration and prolifera-
tion of vascular endothelial cells to promote angiogenesis, which
plays an important role in MIRI recovery. Ge et al.*> demonstrated
that intraperitoneal administration of HSYA for two weeks in rats,
followed by induction of a MIRI model, significantly enhanced
angiogenesis-related markers (e.g., CD31, CD34) in myocardial
tissues. This effect is likely mediated through modulation of the
HIF-10/VEGFA/Notchl signaling pathway, suggesting a poten-
tial mechanism for HSYA in promoting angiogenesis and treating
MIRI. Ferroptosis is a newly recognized mode of cell death that
can aggravate cardiomyocyte injury and death. HSYA was admin-
istered via intraperitoneal injection to rats for two weeks, followed
by the establishment of an MIRI model. HSYA attenuated myocar-
dial tissue damage, reduced iron accumulation and lipid peroxida-
tion, and exerted significant protection against MIRI. This effect
may be mediated through the regulation of the HIF-1a/SLC7A11/
GPX4 signaling pathway to inhibit ferroptosis.*® Liang et al.*’
found that SYI inhibited the mitochondrial apoptotic pathway
through two mechanisms: (1) modulating endoplasmic reticulum
stress signaling to suppress C/EBP homologous protein expres-
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sion, and (2) reducing cytochrome c release.

In summary, safflower yellow pigments contribute to the treat-
ment of MIRI through multiple mechanisms, including inhibition
of inflammatory responses, antioxidative stress, suppression of
apoptosis, restoration of mitochondrial function, promotion of an-
giogenesis, alleviation of endoplasmic reticulum stress, and inhibi-
tion of ferroptosis. These mechanisms are illustrated in Figure 2.

Alleviation of atherosclerotic damage

Atherosclerosis (AS) is a complex metabolic disorder syndrome
that poses a serious threat to human health and serves as an impor-
tant pathophysiological basis for coronary heart disease. Safflower
yellow pigments are a potential atheroprotective agent, exhibiting
excellent properties in lowering blood lipids, resisting oxidative
stress, and attenuating vascular injury.*® A total of 116 patients with
unstable angina were randomly divided into a control group (58
cases receiving trimetazidine) and an observation group (58 cases
receiving trimetazidine combined with SYI). Compared with the
control group, the observation group had a higher total effective
rate. The levels of total cholesterol (TC), total triglycerides (TG),
and low-density lipoprotein cholesterol (LDL-C) were significantly
reduced, while the level of high-density lipoprotein cholesterol
(HDL-C) was increased. Additionally, the thickness and size of ca-
rotid atherosclerotic plaques and the carotid intima-media thickness
were significantly decreased in the observation group.*’

Oxidative stress is a physiological imbalance between oxidative
and antioxidant processes, leading to increased oxidation. This re-
sults in inflammatory infiltration of neutrophils, increased secretion
of proteases, and the production of large amounts of oxidized in-
termediates. Oxidative stress is a key mechanism in cardiovascular
diseases. Oxidized low-density lipoprotein (ox-LDL)-induced vas-
cular endothelial damage is a critical event in early atherosclerosis.
In vitro studies revealed that HSYA inhibited ox-LDL-induced pro-
liferation and endothelial damage of vascular smooth muscle cells
and exerted anti-atherosclerotic effects through the anti-apoptotic
regulation of voltage-dependent anion channels.5%5? Studies have
shown that HSYA alleviates hypoxia-induced endothelial cell in-
jury by promoting the HIF-10-VEGF pathway, downregulating
the Bax/Bcl-2 protein expression ratio, and reducing levels of pro-
apoptotic proteins, including cleaved caspase-9 and cleaved cas-
pase-3.53-55 In addition, Liu et al.5¢ reported that HSYA downregu-
lates SphK1, S1P, SIPR3, RhoA/ROCK proteins, and filamentous
actin expression, thereby attenuating the migration capacity of ox-
LDL-induced human umbilical vein endothelial cells (HUVECs).
These findings suggest that HSYA reduces vascular endothelial cell
migration and filamentous actin expression in AS by inhibiting the
SphK1/S1P/S1PR3 pathway.

During the progression of AS, macrophages play a pivotal role
at every stage, from foam cell formation to rupture of unstable
plaques, significantly influencing disease progression.’ Research
has identified macrophage-mediated inflammatory infiltration and
pathological lymphangiogenesis around AS plaques as critical
therapeutic targets. In ApoE~"knockout mice, tail vein injection of
HSYA improved body weight, reduced aortic sinus lipid plaques,
decreased periplaque lymphatic vessels, improved macrophage
morphology and leakage, and lowered TNF-a levels. In vitro,
HSYA reduced VEGF-C expression and secretion in Raw264.7
cells, attenuated macrophage uptake of ox-LDL cholesterol,
downregulated AKT/mammalian target of rapamycin and NF-kB
signaling via PI3K inhibition, and mitigated lymphangiogenesis
and inflammation, providing comprehensive protection against
atherosclerosis.>® During AS progression, macrophages exhibit
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reduced levels of autophagy, produce fewer transport lipoproteins
and less free cholesterol, creating a negative feedback loop. This
leads to a reduction in high-density lipoprotein in peripheral blood
and increased plaque vulnerability, which can cause plaque rup-
ture and acute coronary syndromes.3® Thus, modulation of mac-
rophage autophagy has emerged as a potential therapeutic target
for AS. ApoE™"~ knockout mice treated with HSYA and its mimetic
liposomes (HA-ML@HSYA NPs) via tail vein injection exhibited
decreased methylation levels of the autophagy-related gene A7g/3
DNA, increased macrophage autophagy, and inhibited ox-LDL
uptake, thereby alleviating atherosclerosis.®” The mechanism of
action is illustrated in Figure 3.

Improving vascular injury

Endothelial function is closely related to inflammation, angio-
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genesis, oxidative stress, and coagulation. Endothelial dysfunc-
tion is considered a fundamental risk factor for coronary heart
disease, leading to atherosclerosis and eventually progressing to
coronary heart disease. In recent years, numerous studies have
focused on the protective effects of HSYA against the apopto-
sis of HUVECs and vascular endothelial cells (VECs), exploring
its mechanisms for alleviating vascular injury. HSYA can inhib-
it the production of ROS in HUVECs, preserve mitochondrial
structure and function, and inhibit the expression of caspase-3,
thereby protecting HUVECs from Ang Il-induced injury.®! Under
hypoxic conditions, HSYA increases the Bcl-2/Bax ratio in HU-
VECs, promotes the production and release of NO, upregulates
eNOS mRNA expression, and downregulates pS53 protein expres-
sion in the nucleus. These actions prevent HUVEC apoptosis and
cell cycle arrest. Similarly, under hypoxic conditions, HSYA en-
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ing protein kinase; ROCK, Rho-associated coiled-coil kinase; ROS, reactive oxygen species; S1P, sphingosine-1-phosphate; S1PR, sphingosine-1-phosphate
receptor; SphK1, sphingosine kinase 1; TNF-a, tumor necrosis factor-alpha; VEGF-C, vascular endothelial growth factor-C.

hances VEC survival, which is associated with an increased Bcl-
2/Bax ratio, elevated HIF-1la protein expression, and enhanced
VEGF levels.®? Song et al.%* demonstrated that HSYA promotes
VEC proliferation under both normoxic and hypoxic conditions,
with more pronounced effects observed under hypoxia. This may
be related to the modulation of VEGF and its receptor expres-
sion by HSYA. In addition, intercellular adhesion molecules
(ICAMs) are strongly associated with infection, inflammation,
and immune response. For example, ICAM-1 is positively as-
sociated with the incidence of acute cardiovascular events.®* In
TNF-a-stimulated EA.hy926 endothelial cells mimicking a cel-
lular injury environment, He ef al.%5 found that HSYA increased
NO content and inhibited the expression of endothelin-1. It also
downregulated the expression of E-selectin, monocyte chem-
oattractant protein-1, ICAM-1, and vascular cell adhesion mol-
ecule-1, while upregulating the mRNA expression of superoxide
dismutase, catalase, and GSH-px. These actions help alleviate
endothelial cell damage caused by inflammation and oxidative
stress. The anti-inflammatory and antioxidant activities of HSYA
may be related to the regulation of the NF-«B signaling pathway.
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Studies have shown that HSYA can reduce the levels of ICAM-1
and E-selectin, thereby decreasing vascular damage caused by
inflammatory stimuli and the migration of inflammatory cells
into the arterial intima. The mechanism may involve inhibition of
NF-«kB signaling and the expression of TNFR1 on the membrane
surface of arterial endothelial cells.®6:¢7 In conclusion, HSYA im-
proves vascular injury through multiple mechanisms, including
antioxidative stress, anti-inflammatory responses, endothelial
cell protection, and vascular function regulation. The detailed
mechanisms are illustrated in Figure 4.

Advances in research on safflower yellow pigments for treating
coronary heart disease-related risk factors

Coronary heart disease is a complex disorder caused by the inter-
action of multiple genetic and environmental factors. Current stud-
ies have yet to fully elucidate its pathogenesis. Known major risk
factors for coronary heart disease include obesity, hypertension,
dyslipidemia, diabetes, genetic predisposition, age, and smoking.8
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Among these, obesity, hypertension, dyslipidemia, and diabetes
mellitus are collectively known as cardiometabolic diseases, rep-
resenting multiple risk factors for coronary heart disease. Exist-
ing research has demonstrated the significant efficacy of safflower
yellow pigments in treating obesity, hypertension, hyperlipidemia,
and diabetes (Table 1).

Obesity

Obesity is a complex pathophysiological process resulting from
long-term energy intake exceeding energy expenditure, leading to
the storage of excess energy as fat. It involves the interplay of mul-
tiple factors, including dysregulation of neuroendocrine functions
(such as leptin resistance and insulin resistance), abnormalities in
adipocyte function (hypertrophy, hyperplasia, and imbalance in
adipokine secretion), and gut microbiota dysbiosis. Collectively,
these factors can trigger a series of metabolic disorders. Research
has confirmed that obesity is the pathological basis of cardiometa-
bolic diseases.®® Safflower yellow pigments have been reported
to reduce body fat in high-fat diet (HFD)-induced obese mice by
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promoting the browning of subcutaneous white adipose tissue.
Additionally, they lower blood glucose levels and increase insu-
lin sensitivity through activation of the IRS1/AKT/GSK3p insulin
signaling pathway.”® Our group found that HSYA could reduce
body weight, fat accumulation, and insulin resistance in HFD-in-
duced obese mice by increasing the relative abundance of bacteria
from the genera Akkermansia and Romboutsia and by decreasing
the Firmicutes/Bacteroidetes ratio, thereby improving intestinal
microbiota disorders.”! It has also been found that safflower yel-
low pigments and HSYA significantly reduce serum levels of glu-
cose-dependent insulinotropic polypeptide (GIP) in HFD-induced
obese mice by inhibiting GIP production and secretion in the small
intestine. They also inhibit the signaling pathway of the GIP re-
ceptor/Rapgef3 in the hypothalamus and adipose tissue, thereby
achieving dual inhibition of the GIP-GIP receptor axis, alleviating
hyperleptinemia, and exerting anti-obesity effects.”” Yan et al.”?
discovered that HSYA suppresses proliferation and adipogenesis
of 3T3-L1 preadipocytes in mice by regulating Nrf2 to promote
hormone-sensitive lipase expression.
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Table 1. Mechanisms of action of safflower yellow pigments and their active components in treating risk factors for coronary heart disease

Risk factors Drugs  Model Dosage Mechanism of action Functions
Obesity SY HFD-induced mice 120 mg-kg™L; i.p.; 8w Activate IRS1/AKT/ :IRS1, AKT, GSK3B, PGCla
GSK3B signaling
pathway
HSYA HFD-induced mice 200 mg-kg™%; p.o.; 6w Regulating gut /: Relative abundance of
microbiota Akkermansia and Romboutsia
composition bacteria, bacterial abundance
and function of SCFAs, IL-10; { : Firmicutes/
Bacteroidetratio, HOMA-IR,
OGTT, TNF-q, IL-1B, IL-6
HSYA/SY HFD-induced mice 250 mg-kg™; p.o,; Inhibiting GIPR- 4 : AUC, ALT, GIP, GIPR,
9w, 12w, 4w rapgef3 pathway Rapgef3, SOCS3
and GIP-GIPR axis
HSYA/SY HFD-induced mice 200 mg-kg™; i.p.; 10 w Regulating Nrf2 to 1:S0D, SOD1, GCLC,
enhance antioxidant Ngo1l, CAT, HO-1, Nrf2; { :
enzyme expression TC, hsCRP, ALT, TNF-a
Hypertension  HSYA SHR and WKY rats 0.1-3mgkgL;iv;1h Activating KATP and J: MAP, HR, LVSP, LVEDP

Hyperlipidemia HSYA

Diabetes

HSYA

The left femoral artery
of mice was excised

to induce unilateral
hindlimb ischemia

ANG Il stimulated VAF
cell migration model

Injected rats with
adrenaline solution

to establish a platelet
hyperactivation model

HFD and STZ-induced
T2DM rat model

High glucose-treated
INS-1 insulinoma cells

HFD and STZ-induced
ApoE7- mouse
model of T2DM/AS

6 mg-kgL;iv; 11d

20,40,60 umol-L%; 24 h

1ml;ip.;5d

120 mg-kg™%; p.o.; 8w

800 pM; 72 h

2.25 mgkgL;ip.; 12w

BKCa channels to
reduce Ca?* influx
Activating Ang1/Tie-2
signaling pathway

Inducing autophagy
to inhibit NLRP3

N Arteriole, capillary
density, Ang1, Tie-2

:LC3 1I, Beclini; { : VAF
migration rate, NLRP3,

inflammasome caspase-1, IL-6, TNF-a, IL-
activation, preventing 1B, IL-18, TLR4, NF-kB
ANG ll-induced

VAF migration

Upregulating miR-9a-
5p to suppress PLCy2/
PKCS8/MEK/ERK1/2
phosphorylation

Activating PI3K/Akt
signaling pathway

Inhibiting JNK/c-Jun
signaling pathway

Regulating miR-
429/SLC7A11
signaling pathway

N: cAMP, miR-9a-5p; | : PLT,
platelet aggregation rate,
Ca?*, TXA,, phosphorylation
of SRC, PLCy2, PKC6, MEK,
ERK1/2 proteins, GPIIB/llla

N PI3K, AKT, p-AKT; {:
FBG, OGTT, TC,TG,LDL-C,
HOMA-IR, HOMA-B

. SOD, GSH-Px, CAT;
{': MDA, cleaved-PARP,
cleaved caspase-3, JNK

N TG, TC, LDL-c, GSH-

Px, GPX4, SLC7A11; {:
HDL-C, ICAM, VCAM, MDA,
ROS, ACSL4, miR-429

/N, activation; {, inhibition. ACSL4, acyl-CoA synthetase long-chain family member 4; AKT, Protein kinase B; ALT, alanine aminotransferase; ANG lI, angiotensin Il; Angl, angi-
opoietin-1; AUC, area under the curve; BKCa, calcium-activated potassium channel; cAMP, cyclic adenosine monophosphate; CAT, catalase; c-Jun, cellular Jun; d, day; ERK1/2,
extracellular signal-regulated kinase 1/2; FBG, fasting blood glucose; GCLC, glutamate-cysteine ligase catalytic subunit; GIP, gastric inhibitory polypeptide; GIPR, gastric inhibitory
polypeptide receptor; GPIIB/Illa, glycoprotein Ilb/Illa; GSH-Px, glutathione peroxidase; GSK3B, glycogen synthase kinase 3B; h, hour; HDL-C, high-density lipoprotein cholesterol;
HFD, high-fat diet; HO-1, heme oxygenase 1; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-B, homeostasis model assessment of B-cell function; HR, heart
rate; hsCRP, high-sensitivity C-reactive protein; HSYA, hydroxysafflor yellow A; i.p., intraperitoneal injection; i.v., intravenous injection; ICAM, intercellular adhesion molecule; IL,
interleukin; INS-1, INS-1 cell line; IRS1, insulin receptor substrate 1; JNK, c-Jun N-terminal kinase; KATP, ATP-sensitive potassium channel; LC3 I, microtubule-associated protein
1 light chain 3-II; LDL-C, low-density lipoprotein cholesterol; LVEDP, left ventricular end-diastolic pressure; LVSP, left ventricular systolic pressure; MAP, mean arterial pressure;
MDA, malondialdehyde; MEK, mitogen-activated protein kinase; miR-429, microRNA-429; miR-9a-5p, microRNA-9a-5p; NF-kB, nuclear factor kappa B; NLRP3, NACHT, LRR and PYD
domains-containing protein 3; Ngol, NAD(P)H: quinone oxidoreductase 1; Nrf2, nuclear factor erythroid 2-related factor 2; OGTT, oral glucose tolerance test; p.o., per os; PARP,
poly(ADP-ribose) polymerase; PGCla, peroxisome proliferator-activated receptor gamma coactivator 1a; PI3K, phosphatidylinositol 3-kinase; PKCS, protein kinase C§; PLCy2,
phospholipase Cy2; PLT, platelets; Rapgef3, rap guanine nucleotide exchange factor 3; ROS, reactive oxygen species; SCFAs, short-chain fatty acids; SHR, spontaneously hyperten-
sive rat; SLC7A11, solute carrier family 7 member 11; SOCS3, suppressor of cytokine signaling 3; SOD1, superoxide dismutase 1; SRC, proto-oncogene tyrosine-protein kinase src;
STZ, streptozotocin; SY, safflower yellow; T2DM, Type 2 diabetes mellitus; TC, total cholesterol; TG, triglycerides; Tie-2, tyrosine kinase with immunoglobulin-like and EGF-like do-
mains 2; TLR4, Toll-like receptor 4; TNF-a, tumor necrosis factor alpha; TXA,, thromboxane A,; VAF, vascular adventitial fibroblast; VCAM, vascular cell adhesion molecule; w, week.
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Hypertension

Hypertension is an important contributor to coronary heart disease
and can significantly increase its incidence. Elevated blood pres-
sure and excessive pressure on the inner walls of blood vessels
cause endothelial damage. After endothelial injury, lipids, platelets,
and other blood components are more easily deposited at the site,
leading to the formation of atherosclerotic plaques. Studies have
reported that HSYA exerts significant regulatory effects on cardiac
function and hypertension, primarily through mechanisms involv-
ing myocardial contractility regulation, blood pressure modulation,
promotion of angiogenesis, vascular dilation, maintenance of vas-
cular homeostasis, and improvement of vascular remodeling.”+77
Nie et al.? investigated the effects of HSYA on cardiac function
and blood pressure using an isolated rat heart perfusion model.
They found that intravenous injection of HSYA dose-dependently
reduced mean arterial pressure and heart rate in both normal and
spontaneously hypertensive rats, suppressed cardiac contraction,
and decreased cardiac output and blood pressure. In addition,
HSYA promotes the recovery of blood flow in ischemic hindlimb
tissues in mice, significantly increases the density of microarteri-
oles and capillaries in the ischemic area, upregulates the expres-
sion of Angl and Tie-2, and promotes endothelial cell migration
and angiogenesis.”> HSYA also regulates blood pressure by dilat-
ing blood vessels. Wang et al.”® demonstrated that the vasodilatory
effect of HSYA is associated with inhibition of Ca?" influx. Their
study showed that HSYA activates voltage-gated potassium chan-
nels and inhibits L-type calcium channels in the smooth muscle
cells of rat mesenteric arteries, thereby reducing intracellular Ca?*
levels. This leads to vasodilation and a decrease in blood pressure.
Vascular remodeling plays a key role in the pathogenesis of hyper-
tension. HSYA improves vascular remodeling by inhibiting Ang
II-induced migration of vascular adventitial fibroblasts (VAFs).
The mechanism may involve downregulating NACHT, LRR and
PYD domains-containing protein 3 (NLRP3) inflammasome ac-
tivity and suppressing NLRP3 inflammasome assembly through
the TLR4/NF-«B signaling pathway. Additionally, HSYA inhibits
NLRP3 inflammasome activation by promoting autophagy.”’

Hyperlipidemia

Hyperlipidemia is characterized by the abnormal elevation of one
or more lipid components in plasma, resulting from disruptions
in lipid metabolism or transport. It is a significant risk factor for
the development of coronary heart disease.”®3" Wang demon-
strated that treatment with safflower yellow pigments in 96 pa-
tients with coronary heart disease led to a significant reduction in
plasma levels of TC, TG, and LDL-C), while markedly increas-
ing HDL-C, indicating significant lipid-regulating effects.3! Wu
et al3* conducted a study involving 100 hyperlipidemic patients
treated with safflower yellow pigments for two weeks. The results
showed significant improvements in plasma lipid parameters (TC,
TG, LDL-C, and HDL-C), confirming its therapeutic efficacy in
managing hyperlipidemia. Additionally, safflower yellow pig-
ments significantly prolonged prothrombin time, reduced fibrino-
gen levels, enhanced clot lysis rates, and delayed carotid thrombus
formation. Studies have also found that safflower yellow exhibits
lipid-lowering effects in hyperlipidemic mice, significantly reduc-
ing serum levels of TC, TG, and LDL-C while increasing HDL-
C. Additionally, safflower yellow alleviates fatty liver and exerts
protective effects on hepatic cells. The mechanism may be related
to the inhibition of intracellular cholesterol biosynthesis.* HSYA
improves lipid deposition, liver function, and blood flow in hy-
perlipidemic zebrafish. Its protective mechanism against hyper-
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lipidemia may involve regulation of the AMPK/SREBP2/PCSKY9/
LDLR signaling pathway.?* During hyperlipidemia progression,
platelet activation is accelerated, releasing various bioactive sub-
stances, including platelet a-granule membrane protein-140 and
platelet-activating factor (PAF). PAF, an inflammatory lipid me-
diator, strongly activates platelets, promotes aggregation, and is
closely associated with coronary heart disease and other ischemic
cardiovascular diseases. HSYA has been shown to inhibit plate-
let activation by suppressing PAF-induced platelet aggregation,
5-OH release, and elevation of intracellular free Ca?" concentra-
tion, thereby alleviating pathological changes such as thrombosis
and inflammation, and improving blood circulation disorders.3586
HSYA also inhibits the transcription and translation of sarcoma-as-
sociated genes, suppresses phosphorylation of downstream signal-
ing pathways, and reduces expression of proteins related to platelet
activation by upregulating miR-9a-5p. This mechanism effectively
attenuates excessive platelet activation in rats.8”

Diabetes

Diabetes is a syndrome of metabolic disorders involving protein,
fat, water, and electrolytes caused by absolute or relative insulin
deficiency or reduced insulin sensitivity in target cells. Diabetes
confers an equivalent risk of coronary heart disease, meaning that
the 10-year risk of major cardiovascular events in patients with-
out coronary heart disease is comparable to that of patients with
existing coronary heart disease. Safflower yellow pigments have
demonstrated significant efficacy in treating diabetes and its com-
plications and are included in Traditional Chinese Medicine clini-
cal guidelines for diabetes as recommended medications. HSYA
significantly lowers fasting blood glucose levels and improves
insulin resistance in T2DM rats. It reverses the downregulation of
PI3K and AKT in the liver and inhibits apoptosis of pancreatic
B-cells to some extent. Additionally, HSYA regulates glucose and
lipid metabolism by increasing glycogen synthase and hepatic gly-
cogen levels, reducing TG, TC, and LDL-C, and improving overall
lipid metabolism.?® HSYA effectively reduces levels of cleaved-
poly(ADP-ribose) polymerase, cleaved caspase-3, and ROS. Addi-
tionally, it inhibited the phosphorylation of INK and c-Jun, as well
as activation of the JNK/c-Jun signaling pathway in rat pancreatic
INS-1. These effects collectively improve oxidative stress and
significantly reduce apoptosis in INS-1 cells.?? Moreover, HSYA
ameliorates diabetes complications. Rong et al.”® found that HSYA
reduced atherosclerotic plaque formation in the aorta of T2DM/AS
model mice and decreased oxidative stress and ferroptosis. The
mechanism involves regulation of ferroptosis-associated proteins
and the miR-429/SLC7A11 pathway.

Limitations

This review summarized the significant clinical efficacy of saf-
flower yellow pigments in the treatment of coronary heart disease
as well as their mechanisms of actions. However, this study still has
some limitations. Firstly, the mechanisms of action of safflower
yellow pigments in the treatment of coronary heart disease are not
yet fully understood. Secondly, the high polarity, low oral bioavail-
ability, and short half-life of safflower yellow pigments pose key
challenges to their oral use. Finally, clinical studies on the treat-
ment of coronary heart disease with safflower yellow pigments are
mostly small-sample and open-label, lacking large-sample, mul-
ticenter, randomized double-blind controlled trials. Additionally,
coronary heart disease being a chronic disorder necessitates long-
term therapeutic intervention and management. Nevertheless, the
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Fig. 5. Analysis of the proportion of different administration routes for safflower yellow pigments and HSYA. HSYA, hydroxysafflor yellow A.

majority of existing studies on safflower yellow pigments have pri-
marily centered on short-term therapeutic outcomes, accompanied
by a notable paucity of systematic longitudinal follow-up inves-
tigations into their long-term efficacy for coronary heart disease.

Future perspective

After reviewing the literature, it was summarized that during the
period from January 1, 2020, to December 31, 2024, in animal
studies of non-digestive tract diseases, oral administration of saf-
flower yellow pigments and HSYA accounted for 30.5%. Among
these, cardiovascular and metabolic diseases accounted for 11.6%,
and other diseases accounted for 18.9%, as shown in Figure 5.
Oral administration of safflower yellow pigments and HSYA
for the treatment of cardiovascular and metabolic diseases holds
significant importance. Considering that the traditional applica-
tion of safflower mainly involves decoction, studying the effects
and mechanisms of safflower yellow pigments on coronary heart
disease via oral administration is of great practical significance.
However, the high polarity, low oral bioavailability, and short
half-life of safflower yellow pigments pose key challenges to their
oral use.’! Currently, formulations such as microemulsions, vesi-
cle preparations, chitosan-based formulations, and nanomedicines
have been developed to significantly improve the oral bioavail-
ability of HSYA.?? Our research team has found that natural deep
eutectic solvents showed promising potential for drug delivery.
For example, a natural deep eutectic solvent consisting of glucose
and choline chloride with 10% water content has been shown to
enhance HSYA oral bioavailability, reduce body weight, allevi-
ate fatty liver, and correct dyslipidemia in obese rats.®* Therefore,
promoting research into drug delivery systems to improve the oral
bioavailability of safflower yellow pigments is crucial. It is also
important to ensure that improvements in bioavailability are ac-
companied by comprehensive evaluations of pharmacological ef-
ficacy and safety to provide better therapeutic outcomes for car-
diovascular diseases.

Currently, the mechanisms underlying the treatment of coro-
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nary heart disease with safflower yellow pigments are not fully
understood. Regarding mechanisms of action, some studies have
preliminarily explored the in vivo and in vitro metabolic transfor-
mation of safflower yellow pigment components, suggesting that
the gut microbiota may be involved in the effects of orally ad-
ministered safflower yellow pigments.®* Our research group has
discovered that HSYA can reduce fat accumulation, improve in-
sulin resistance, and enhance gut integrity and short-chain fatty
acid production. It can also increase the relative abundance of
Akkermansia and Romboutsia while decreasing the Firmicutes/
Bacteroidetes ratio, thereby regulating the composition and struc-
ture of the gut microbiota to treat obesity.”! Notably, recent studies
indicate that the development and progression of coronary heart
disease are closely related to the gut microbiota. Gut microbial
metabolites such as trimethylamine-N-oxide, short-chain fatty
acids, bile acids, and lipopolysaccharides are significantly associ-
ated with coronary heart disease.'%%5 Thus, exploring the impact
of safflower yellow pigments on coronary heart disease through
the perspective of the gut microbiota may provide new diagnostic
methods and therapeutic avenues for clinical applications. In addi-
tion, safflower yellow pigments contain various components, the
main ones being HSYA and AHSYB, both of which share similar
chemical structures and are presumed to have similar biological
activities. AHSYB has been found to have antioxidant, anticoagu-
lant, and anti-apoptotic effects.”® Future studies should focus on
minimizing degradation and further investigating the effects and
mechanisms of these components.

At present, clinical studies on the treatment of coronary heart
disease with safflower yellow pigments are mostly small-sample
and open-label, lacking large-sample, multicenter, randomized
double-blind controlled trials. High-quality clinical trials are
needed to more accurately assess the efficacy and safety of these
drugs and provide more reliable evidence for clinical application.
Meanwhile, coronary heart disease is a chronic condition requiring
long-term treatment and management. However, most studies on
safflower yellow pigments focus on short-term therapeutic effects,
with a lack of systematic follow-up studies on their long-term ef-
ficacy in coronary heart disease.
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Conclusions

Safflower yellow pigments have demonstrated clear clinical ef-
ficacy in the treatment of coronary heart disease. Their pharma-
cological effects include anti-myocardial ischemia, mitigation of
ischemia-reperfusion injury, anti-atherosclerosis, improvement of
vascular injury, and reduction of coronary heart disease-related
risk factors such as obesity, hypertension, hyperlipidemia, and
diabetes. The mechanisms of action primarily involve inhibition
of inflammatory responses, oxidative stress, and platelet aggre-
gation, as well as reduction of endothelial cell damage and sup-
pression of cardiomyocyte apoptosis. These effects illustrate the
multi-target, multi-pathway, and multi-molecular characteristics
of the therapeutic actions of safflower yellow pigments. However,
the current understanding of coronary heart disease pathogenesis
remains incomplete, and the mechanisms underlying the therapeu-
tic effects of safflower yellow pigments require further elucida-
tion. Future research priorities should focus on optimizing the drug
delivery system to enhance the oral bioavailability of safflower
yellow pigments, complemented by comprehensive safety and ef-
ficacy evaluations. Additionally, investigating how safflower yel-
low pigments regulate gut microbiota-derived metabolites such as
short-chain fatty acids and trimethylamine N-oxide to influence
coronary heart disease progression is crucial. Equally important
are large-scale, multicenter, double-blind clinical trials to validate
the long-term efficacy and safety of safflower yellow pigments in
coronary heart disease management.

Acknowledgments

Figures 2-4 were drawn and created with BioGDP.com.

Funding

This work was financially supported by the Key Research Project
of Yan-Zhao Medical Studies (YZZZ2024016) and Scientific Re-
search Projects of Higher Education Institutions in Hebei Province
(QN2025158).

Conflict of interest

SJY has been an editorial board member of Future Integrative
Medicine since September 2021. The authors declare no known
competing financial interests or personal relationships that could
have influenced the work reported in this paper.

Author contributions

Study concept and design (YSJ), manuscript writing (DL, ZXM,
CJ), and critical revision (YSJ, ZYX). All authors have made sig-
nificant contributions to this study and have approved the final
manuscript.

References

[1] Liu MB, He XY, Yang XH, Wang ZW. Interpretation of Report on Cardio-
vascular Health and Diseases in China 2023. Chin J Cardiovasc Med
2024;29(4):305-324. doi:10.3969/j.issn.1007-5410.2024.04.002.

[2] Yue S, Tang Y, Li S, Duan JA. Chemical and biological properties of
quinochalcone C-glycosides from the florets of Carthamus tincto-
rius. Molecules 2013;18(12):15220-15254. doi:10.3390/molecules
181215220, PMID:24335575.

[3] Zhang XM, Xiao JH, Wang Y, Tang YP, Yue SJ. Research progress in

112

Dong L. et al: Advances of safflower yellow pigments in CHD

[4]

[5]

(6]

[7]

(8]

[0l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

chemical constituents and pigment extraction process of Cartha-
mi Flos. Zhongguo Zhong Yao Za Zhi 2024;49(7):1725-1740.
doi:10.19540/j.cnki.cjcmm.20240105.201, PMID:38812185.
National Pharmacopoeia Commission. Pharmacopoeia of the Peo-
ple’s Republic of China. Volume I. Beijing: China Medical Science
Press; 2025:157-158.

Chen KJ, Fu CG, Cong WH, Liu Y. Chinese Expert Consensus on the
Clinical Application of safflower yellow pigments. Chin J Integr Med
2017;37(10):1167-1173. d0i:10.7661/j.¢jim.20170621.182.

The Cardiovascular Branch of the China Association of Chinese
Medicine. Traditional Chinese Medicine Diagnosis and Treatment
Guidelines for Stable Angina Pectoris of Coronary Heart Disease.
J Tradit Chin Med 2019;60(21):1880-1890. do0i:10.13288/j.11-
2166/r.2019.21.015.

Yue S, Tang Y, Xu C, Li S, Zhu Y, Duan JA. Two new quinochalcone
C-glycosides from the florets of Carthamus tinctorius. Int J Mol Sci
2014;15(9):16760-16771. doi:10.3390/ijms150916760, PMID:2524
7575.

Yue SJ, Qu C, Zhang PX, Tang YP, Jin Y, Jiang JS, et al. Carthorquino-
sides A and B, Quinochalcone C-Glycosides with Diverse Dimeric
Skeletons from Carthamus tinctorius. J Nat Prod 2016;79(10):2644—
2651. doi:10.1021/acs.jnatprod.6b00561, PMID:27748595.

Zhang HF, Guo JX, Huang LS, Ping QN. Pharmacokinetics of hydrox-
ysafflor yellow A in rats. J China Pharm Univ 2006;37(5):456-460.
Huang YR, Zhang JQ, Shi MX, Wang TT, Zhao H. Study on the pharma-
cokinetics of hydroxysafflower yellow A in rats by tail vein injection.
ZhongGou Lin Chuang Yao Li Xue Za Zhi 2020;36(3):332—-334+340.
doi:10.13699/j.cnki.1001-6821.2020.03.031.

Zhao X, Gu S, Wang X, Cai Y, Zhou Z. The Safety, Tolerability, and
Pharmacokinetics of Active Ingredients From Hydroxysafflor Yel-
low A in Healthy Chinese Volunteers. Clin Pharmacol Drug Dev
2025;14(1):79-86. doi:10.1002/cpdd.1487, PMID:39551721.

Yue S, WulL,QuC, TangV,linY,LiS, et al. Development and validation
of a UFLC-MS/MS method for the determination of anhydrosafflor
yellow B in rat plasma and its application to pharmacokinetic study.
J Chromatogr B Analyt Technol Biomed Life Sci 2015;1003:54-59.
doi:10.1016/j.jchromb.2015.09.013, PMID:26409263.

Li Y, Zhang ZY, Zhang JL. Determination of hydroxysafflor yellow A
in rat plasma and tissues by high-performance liquid chromatogra-
phy after oral administration of safflower extract or safflor yellow.
Biomed Chromatogr 2007;21(3):326—-334. doi:10.1002/bmc.769,
PMID:17221936.

Zou T. Study on pharmacokinetics of safflor yellow powder injection
[Dissertation]. Harbin: Heilongjiang University of Chinese Medicine;
2011.

JinY, Wu L, Tang Y, Cao Y, Li S, Shen J, et al. UFLC-Q-TOF/MS based
screening and identification of the metabolites in plasma, bile, urine
and feces of normal and blood stasis rats after oral administration of
hydroxysafflor yellow A. J Chromatogr B Analyt Technol Biomed Life
Sci 2016;1012-1013:124-129. doi:10.1016/j.jchromb.2016.01.023,
PMID:26827279.

Yue S, Wu L, Wang J, Tang Y, Qu C, Shi X, et al. Metabolic profile of
anhydrosafflor yellow B in rats by ultra-fast liquid chromatogra-
phy/quadrupole time-of-flight mass spectrometry. J Chromatogr
B Analyt Technol Biomed Life Sci 2016;1014:37—-44. doi:10.1016/j.
jchromb.2016.01.047, PMID:26871281.

Chen C, Wu QS, Li HT. The interventional effect of safflower yellow
sodium chloride on cardiac function and hemorrheologic in patients
with myocardial infarction. Chin Hosp Pharm J 2014;34(17):1501—
1504. doi:10.13286/j.cnki.chinhosppharmacyj.2014.17.20.

Jin YF. Effect of Safflower Yellow for Injection on Myocardial Is-
chemia of Coronary Heart Disease and Its Influence on Hemor-
heological Indexes. Guide of China Medicine 2020;18(32):126-127.
doi:10.15912/j.cnki.gocm.2020.32.060.

Zhang Q, Peng JH, Zhang XN. A clinical study of Safflower Yellow in-
jection in treating coronary heart disease angina pectoris with Xin-
blood stagnation syndrome. Chin J Integr Med 2005;11(3):222-225.
doi:10.1007/BF02836509, PMID:16181539.

Wang T, Fu FH, Han B, Zhu M, Li GS, Liu K. Protection and mechanisms
of hydroxysafflor yellow A on experimental myocardial infarction in
rats. Chin Tradit Herb Drugs 2007;38(12):1853—-1856.

DOI: 10.14218/FIM.2025.00016 | Volume 4 Issue 2, June 2025


https://doi.org/10.14218/FIM.2025.00016
https://doi.org/10.3969/j.issn.1007-5410.2024.04.002
https://doi.org/10.3390/molecules181215220
https://doi.org/10.3390/molecules181215220
http://www.ncbi.nlm.nih.gov/pubmed/24335575
https://doi.org/10.19540/j.cnki.cjcmm.20240105.201
http://www.ncbi.nlm.nih.gov/pubmed/38812185
https://doi.org/10.7661/j.cjim.20170621.182
https://doi.org/10.13288/j.11-2166/r.2019.21.015
https://doi.org/10.13288/j.11-2166/r.2019.21.015
https://doi.org/10.3390/ijms150916760
http://www.ncbi.nlm.nih.gov/pubmed/25247575
http://www.ncbi.nlm.nih.gov/pubmed/25247575
https://doi.org/10.1021/acs.jnatprod.6b00561
http://www.ncbi.nlm.nih.gov/pubmed/27748595
https://doi.org/10.13699/j.cnki.1001-6821.2020.03.031
https://doi.org/10.1002/cpdd.1487
http://www.ncbi.nlm.nih.gov/pubmed/39551721
https://doi.org/10.1016/j.jchromb.2015.09.013
http://www.ncbi.nlm.nih.gov/pubmed/26409263
https://doi.org/10.1002/bmc.769
http://www.ncbi.nlm.nih.gov/pubmed/17221936
https://doi.org/10.1016/j.jchromb.2016.01.023
http://www.ncbi.nlm.nih.gov/pubmed/26827279
https://doi.org/10.1016/j.jchromb.2016.01.047
https://doi.org/10.1016/j.jchromb.2016.01.047
http://www.ncbi.nlm.nih.gov/pubmed/26871281
https://doi.org/10.13286/j.cnki.chinhosppharmacyj.2014.17.20
https://doi.org/10.15912/j.cnki.gocm.2020.32.060
https://doi.org/10.1007/BF02836509
http://www.ncbi.nlm.nih.gov/pubmed/16181539

Dong L. et al: Advances of safflower yellow pigments in CHD

[21] Li XZ, Liu JX, Shang XH, Fu JH. Protective effects of hydroxysafflor
yellow A on acute myocardial ischemia in dogs. Chin Pharmacol Bull

2006;22(5):533-537.

[22] Qi Y, Qin WY, Song DF, Liu H, Zhao JM. The experimental study of
carithamine on myocardial ischemia. Pharmacology and Clinics of

Chinese Materia Medic 2012;28(5):21-23.

[23] Nie PH, Zhang L, Zhang WH, Rong WF, Zhi JM. The effects of hydrox-
ysafflor yellow A on blood pressure and cardiac function. J Ethnophar-
macol 2012;139(3):746-750. doi:10.1016/j.jep.2011.11.054, PMID:

22197825.

[24] Zhang Y, Chen C, Liu Q, Qin YY, Gao H. Protection Effect of Saffower
Yellower in Acute Myocardial Ischemic Rats. Chin J Exp Tradit Med

Formulae 2012;18(16):282-284.

[25] Liu L, WeiY, PuzJ, Tang YH, Se WY, Wu AP, et al. Effect of safflor yellow
on myocardial ischemia and hemodynamics in dogs. China Medicine

and Pharmacy 2013;3(24):26-28.

[26] Wei XJ, Chang R. Effect of safflower yellow pigments on Car-
diac Function and Infarct Size in Rats after Myocardial Infarction.
Chin J Gerontol 2016;36(6):1296—1298. do0i:10.3969/j.issn.1005-

9202.2016.06.007.

[27] Niu YW, Wang HZ, Zhang YJ. Effect of safflower yellow pigments
for Injection Combined with Nicorandil in the Treatment of Coro-
nary Heart Disease with Myocardial Ischemia and Its Influence on
the Levels of Blood Lipids and Inflammatory Factors. Lab Med Chin

2023;20(2):269-271. doi:10.3969/j.issn.1672-9455.2023.02.032.

[28] Liu XH, Li LQ, Lu WH, Lai CL. Plasma Levels of ET, MMP-9, hs-CRP,
Platelet Aggregation Rate in Patients with Coronary Heart Disease
and the Interventional Effect of safflower yellow pigments. Chinese
Journal of Integrative Medicine on Cardio-/Cerebrovascular Disease

2011;9(9):1036-1038.

[29] Zou J, Wang N, Liu M, Bai Y, Wang H, Liu K, et al. Nucleolin mediated
pro-angiogenic role of Hydroxysafflor Yellow A in ischaemic cardiac
dysfunction: Post-transcriptional regulation of VEGF-A and MMP-9.
J Cell Mol Med 2018;22(5):2692-2705. doi:10.1111/jcmm.13552,

PMID:29512890.

[30] Liang WL, Cai MR, Cui S, Zhang MQ, Wu YH, Ou WJ, et al. Dose-
effect relationship between anti-myocardial ischemia and antico-
agulation of safflower yellow injection. Central South Pharmacy
2022;20(6):1322—-1328. doi:10.7539/j.issn.1672-2981.2022.06.017.

[31] LiLM, CaoC,Han X, FulJH, Li L, Zhang Q, et al. Effects of hydroxysafflor
yellow A on oxidative stress and apoptosis of H9C2 cardiomyocytes
injured by oxygen-glucose deprivation/reperfusion. Chin J Comp

Med 2023;33(3):9-16. d0i:10.3969/j.issn.1671-7856.2023.03.002.

[32] He. Effect and Mechanism of Hydroxysafflor Yellow A on Myocardial
ischemic injury Through Nrf2/Keapl/NF-kB Signal Pathway [Disserta-

tion]. Nanjing: Nanjing University of Chinese Medicine; 2022.

[33] Xu AB, Liu JG, Zhang J, Li JX. Hydroxysafflor yellow A for amelio-
rating injury of myocardial ischemia/reperfusion in SD rats. Chin
J Evid Based Cardiovasc Med 2014;6(6):733—-736. doi:10.3969

/j.1674-4055.2014.06.23.

[34] Liu YG, Li FJ, Tang F. Protective effect of hydroxysaffloryellow A on rats
with myocardial ischemia and reperfusion injury. Pharmacology and
Clinics of Chinese Materia Medica 2015;31(1):71-74. d0i:10.13412/j.

cnki.zyyl.2015.01.023.

[35] Zhang JJ, Zhang ZY, Wang N. Effect and mechanism of action of hy-
droxysafflor yellow A on myocardial ischemia-reperfusion injury in
rats. Chin J Hosp Pharm 2012;32(19):1526-1530. doi:10.13286/].

cnki.chinhosppharmacyj.2012.19.006.

[36] Zhang Y, Zhang Y. Effects of Hydroxysafflor Yellow A on Inflamma-
tory Factors and NF-kB in Rats with Myocardial Ischemia-reperfusion
Injury. Chinese Journal of Integrative Medicine on Cardio-/Cerebro-
vascuiar Disease 2020;18(16):2603-2607. doi:10.12102/j.issn.1672-

1349.2020.16.009.

[37] Han D, Wei J, Zhang R, Ma W, Shen C, Feng Y, et al. Hydroxysafflor
yellow A alleviates myocardial ischemia/reperfusion in hyperlipi-
demic animals through the suppression of TLR4 signaling. Sci Rep

2016;6:35319. doi:10.1038/srep35319, PMID:27731393.

[38] Yu H, Qu L. Protective effect of hydroxysafflor yellow A on myo-
cardial ischemia/reperfusion injury in rats based on p38MAPK/
SERCA2a pathway. Chin J Immunol 2023;39(7):1395-1401,1408.

doi:10.3969/].issn.1000-484X.2023.07.010.

DOI: 10.14218/FIM.2025.00016 | Volume 4 Issue 2, June 2025

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

[52]

[53]

[54]

Future Integr Med

Liu SX, Zhang Y, Wang YF, Li XC, Xiang MX, Bian C, et al. Upregulation of
heme oxygenase-1 expression by hydroxysafflor yellow A conferring
protection from anoxia/reoxygenation-induced apoptosis in H9c2
cardiomyocytes. Int J Cardiol 2012;160(2):95-101. doi:10.1016/j.ij-
card.2011.03.033, PMID:21497407.

Zhang Y, Xiao J, Xu Y, Li J, Kao GY. Effects of hydroxysafflower yel-
low A on the proliferation and apoptosis of hypoxic/reoxygenated
cardiomyocytes. Chin J Clin Pharmacol 2020;36(24):3995-3998.
doi:10.13699/j.cnki.1001-6821.2020.24.008.

Huang P, Zhou W, Chen H, Zhou H, Duan S, Wan H, et al. Optimized
separation of anhydrosafflor yellow B from safflower by high-speed
counter-current chromatography and evaluation of its cardio-pro-
tective effect. Food Funct 2021;12(19):9360-9371. doi:10.1039/
d1fo01767e, PMID:34606545.

Zhao F, Cheng W, Wu D, Gong ZP, Ma WM, Xu J, et al. Hydroxysafflor
yellow A ameliorates myocardial ischemia/reperfusion injury by pro-
moting MDH1-mediated mitochondrial metabolic homeostasis. Phy-
tomedicine 2025;144:156868. doi:10.1016/j.phymed.2025.156868,
PMID:40513321.

Liu YN, Zhou ZM, Chen P. Evidence that hydroxysafflor yellow A
protects the heart against ischaemia-reperfusion injury by inhib-
iting mitochondrial permeability transition pore opening. Clin
Exp Pharmacol Physiol 2008;35(2):211-216. doi:10.1111/j.1440-
1681.2007.04814.x, PMID:17941891.

Min J, Wei C. Hydroxysafflor yellow A cardioprotection in ischemia-
reperfusion (I/R) injury mainly via Akt/hexokinase Il independent
of ERK/GSK-3B pathway. Biomed Pharmacother 2017;87:419-426.
doi:10.1016/j.biopha.2016.12.113, PMID:28068632.

Ge C, Meng D, Peng Y, Huang P, Wang N, Zhou X, et al. The activation
of the HIF-1a-VEGFA-Notchl signaling pathway by Hydroxysafflor
yellow A promotes angiogenesis and reduces myocardial ischemia-
reperfusion injury. Int Immunopharmacol 2024;142(Pt A):113097.
doi:10.1016/j.intimp.2024.113097, PMID:39260311.

Ge C, PengY, LiJ, Wang L, Zhu X, Wang N, et al. Hydroxysafflor Yellow
A Alleviates Acute Myocardial Ischemia/Reperfusion Injury in Mice
by Inhibiting Ferroptosis via the Activation of the HIF-1a/SLC7A11/
GPX4 Signaling Pathway. Nutrients 2023;15(15):3411. doi:10.3390/
nul5153411, PMID:37571350.

Liang W, Zhang M, Gao J, Huang R, Cheng L, Zhang L, et al. Safflower
Yellow Injection Alleviates Myocardial Ischemia/Reperfusion Injury
by Reducing Oxidative and Endoplasmic Reticulum Stress. Phar-
maceuticals (Basel) 2024;17(8):1058. doi:10.3390/ph17081058,
PMID:39204163.

Xue X, Deng Y, Wang J, Zhou M, Liao L, Wang C, et al. Hydroxysafflor
yellow A, a natural compound from Carthamus tinctorius L with good
effect of alleviating atherosclerosis. Phytomedicine 2021;91:153694.
doi:10.1016/j.phymed.2021.153694, PMID:34403879.

Bao QL. Efficacy of safflower yellow sodium chloride injection com-
bined with trimetazidine in the treatment of unstable angina pecto-
ris and its effect on blood lipids levels and atherosclerotic plaques.
Chin J Gerontol 2018;38(22):5386-5388. d0i:10.3969/].issn.1005-
9202.2018.22.004.

Zhang H, Fan LJ, Liu J, Zhu JQ, Tan TT, Li M, et al. Safflor yellow A
protects vascular endothelial cells from ox-LDL-mediated damage. J
Recept Signal Transduct Res 2022;42(1):52-59. doi:10.1080/107998
93.2020.1843492, PMID:33167774.

Sheng L, Bi SJ, Jiao B, Ma WH. Inhibitory effect of hydroxy-safflor
yellow A on proliferation of vascular smooth muscle cells stimu-
lated by oxidized low-density lipoprotein. Chin J Pharmacol Toxicol
2012;26(2):194-199. doi:10.3867/j.issn.1000-3002.2012.02.013.

Ye F, Wang J, Meng W, Qian J, Jin M. Proteomic investigation of ef-
fects of hydroxysafflor yellow A in oxidized low-density lipoprotein-
induced endothelial injury. Sci Rep 2017;7(1):17981. doi:10.1038/
s41598-017-18069-4, PMID:29269856.

Ji DB, Zhu MC, Zhu B, Zhu YZ, Li CL, Ye J, et al. Hydroxysafflor yellow
A enhances survival of vascular endothelial cells under hypoxia via
upregulation of the HIF-1 alpha-VEGF pathway and regulation of Bcl-
2/Bax. J Cardiovasc Pharmacol 2008;52(2):191-202. doi:10.1097/
FJC.0b013e318181fb02, PMID:18670359.

Lian ZQ, Zhao DL, Zhu HB. Hydroxysafflor yellow A up-regulates HIF-
lalpha via inhibition of VHL and p53 in Eahy 926 cell line exposed to

113


https://doi.org/10.14218/FIM.2025.00016
https://doi.org/10.1016/j.jep.2011.11.054
http://www.ncbi.nlm.nih.gov/pubmed/22197825
https://doi.org/10.3969/j.issn.1005-9202.2016.06.007
https://doi.org/10.3969/j.issn.1005-9202.2016.06.007
https://doi.org/10.3969/j.issn.1672-9455.2023.02.032
https://doi.org/10.1111/jcmm.13552
http://www.ncbi.nlm.nih.gov/pubmed/29512890
https://doi.org/10.7539/j.issn.1672-2981.2022.06.017
https://doi.org/10.3969/j.issn.1671-7856.2023.03.002
https://doi.org/10.3969/j.1674-4055.2014.06.23
https://doi.org/10.3969/j.1674-4055.2014.06.23
https://doi.org/10.13412/j.cnki.zyyl.2015.01.023
https://doi.org/10.13412/j.cnki.zyyl.2015.01.023
https://doi.org/10.13286/j.cnki.chinhosppharmacyj.2012.19.006
https://doi.org/10.13286/j.cnki.chinhosppharmacyj.2012.19.006
https://doi.org/10.12102/j.issn.1672-1349.2020.16.009
https://doi.org/10.12102/j.issn.1672-1349.2020.16.009
https://doi.org/10.1038/srep35319
http://www.ncbi.nlm.nih.gov/pubmed/27731393
https://doi.org/10.3969/j.issn.1000-484X.2023.07.010
https://doi.org/10.1016/j.ijcard.2011.03.033
https://doi.org/10.1016/j.ijcard.2011.03.033
http://www.ncbi.nlm.nih.gov/pubmed/21497407
https://doi.org/10.13699/j.cnki.1001-6821.2020.24.008
https://doi.org/10.1039/d1fo01767e
https://doi.org/10.1039/d1fo01767e
http://www.ncbi.nlm.nih.gov/pubmed/34606545
https://doi.org/10.1016/j.phymed.2025.156868
http://www.ncbi.nlm.nih.gov/pubmed/40513321
https://doi.org/10.1111/j.1440-1681.2007.04814.x
https://doi.org/10.1111/j.1440-1681.2007.04814.x
http://www.ncbi.nlm.nih.gov/pubmed/17941891
https://doi.org/10.1016/j.biopha.2016.12.113
http://www.ncbi.nlm.nih.gov/pubmed/28068632
https://doi.org/10.1016/j.intimp.2024.113097
http://www.ncbi.nlm.nih.gov/pubmed/39260311
https://doi.org/10.3390/nu15153411
https://doi.org/10.3390/nu15153411
http://www.ncbi.nlm.nih.gov/pubmed/37571350
https://doi.org/10.3390/ph17081058
http://www.ncbi.nlm.nih.gov/pubmed/39204163
https://doi.org/10.1016/j.phymed.2021.153694
http://www.ncbi.nlm.nih.gov/pubmed/34403879
https://doi.org/10.3969/j.issn.1005-9202.2018.22.004
https://doi.org/10.3969/j.issn.1005-9202.2018.22.004
https://doi.org/10.1080/10799893.2020.1843492
https://doi.org/10.1080/10799893.2020.1843492
http://www.ncbi.nlm.nih.gov/pubmed/33167774
https://doi.org/10.3867/j.issn.1000-3002.2012.02.013
https://doi.org/10.1038/s41598-017-18069-4
https://doi.org/10.1038/s41598-017-18069-4
http://www.ncbi.nlm.nih.gov/pubmed/29269856
https://doi.org/10.1097/FJC.0b013e318181fb02
https://doi.org/10.1097/FJC.0b013e318181fb02
http://www.ncbi.nlm.nih.gov/pubmed/18670359

Future Integr Med

[55]

[56]

(57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

114

hypoxia. Yao Xue Xue Bao 2008;43(5):484-489. PMID:18717335.
Yang XP, Zhen ZM, Yu X, Liu TY, Shi HF, Zhu MM. Inhibition of hydrox-
ysafflor yellow A on apoptosis of endothelial cells EA.hy926 after
hypoxia-reoxygenation. Chin Tradit Herb Drugs 2019;50(16):3897—
3903. doi:10.7501/j.issn.0253-2670.2019.16.023.

Liu Y, Piao J, He J, Su Z, Luo Z, Luo D. Hydroxysafflor yellow A, a
natural food pigment, ameliorates atherosclerosis in ApoE(-/-)
mice by inhibiting the SphK1/S1P/S1PR3 pathway. Food Sci Nutr
2024;12(11):8939-8955. doi:10.1002/fsn3.4466, PMID:39620014.
Chen W, Schilperoort M, Cao Y, Shi J, Tabas I, Tao W. Macrophage-
targeted nanomedicine for the diagnosis and treatment of athero-
sclerosis. Nat Rev Cardiol 2022;19(4):228-249. doi:10.1038/s41569-
021-00629-x, PMID:34759324.

Feng X, Du M, Li S, Zhang Y, Ding J, Wang J, et al. Hydroxysafflor
yellow A regulates lymphangiogenesis and inflammation via the
inhibition of PI3K on regulating AKT/mTOR and NF-kB pathway
in macrophages to reduce atherosclerosis in ApoE-/- mice. Phy-
tomedicine 2023;112:154684. doi:10.1016/j.phymed.2023.154684,
PMID:36738477.

Zhao T, Tu MT, Zheng CC, Lu QW, Luo S, Wan Q. Research Progress on
the Regulation of Macrophage Autophagy in Atherosclerosis. China
Modern Doctor 2024;62(25):117-120. doi:10.3969/j.issn.1673-
9701.2024.25.027.

Li YL, Yang AN, Sun Y, Liu DY, You PD, Zeng YL, et al. Hydroxysafflor
yellow A-loaded biomimetic liposomes alleviate HHcy-induced ath-
erosclerosis by regulating methylation related autophagy. Mater Des
2023;227:111807. doi:10.1016/j.matdes.2023.111807.

Liu YG, Li FJ. Protective effect of hydroxy-safflor yellow A on human
umbilical vein endothelial cell apoptosis induced by angiotensin II.
Zhong Yao Cai 2013;36(7):1128-1131. PMID:24417152.

Ji DB, Zhang LY, Li CL, Ye J, Zhu HB. Effect of Hydroxysafflor yellow
A on human umbilical vein endothelial cells under hypoxia. Vascul
Pharmacol 2009;50(3-4):137-145. doi:10.1016/j.vph.2008.11.009,
PMID:19084079.

Song Y, Zhang L, Qu K, Li CL, Zhu HB. Hydroxysafflor Yellow A Pro-
motes Vascular Endothelial Cell Proliferation via VEGF/VEGF Recep-
tor. J Chin Pharm Sci 2005;14(3):181-185.

Fang F, Zhang W, Yang L, Wang Z, Liu DG. PECAM-1 and E-selectin
expression in vulnerable plague and their relationships to myocardial
Leu125Val polymorphism of PECAM-1 and Ser128Arg polymorphism
of E-selectin in patients with acute coronary syndrome. Zhonghua
Xin Xue Guan Bing Za Zhi 2011;39(12):1110-1116. doi:10.3760/cma.
j.issn.0253-3758.2011.12.007, PMID:22336504.

He W, Chen H, Zhu MM, Yang XP, Yu S, Shi HF. NF-kB Signaling Path-
way Mediates the Protective Effect of Hydroxy Safflor Yellow A on
TNF-a Induced Endothelial Cell EA.hy926 Injury. Acta Chin Med
2023;38(2):351-359. doi:10.16368/j.issn.1674-8999.2023.02.061.
Jin M, Sun CY, Zang BX. Hydroxysafflor yellow A attenuate lipopoly-
saccharide-induced endothelium inflammatory injury. Chin J Integr
Med 2016;22(1):36-41. doi:10.1007/s11655-015-1976-x, PMID:260
15073.

Liu JL, Wang HF, Ma SH, Huo XP, Liang DY, Cao QW, et al. Hydrox-
ysafflower Yellow A Exerts Anti-inflammatory Effects by Inhibiting
the TNFR1/NF-kB Signaling Pathway in Arterial Endothelial Cells.
Chin J Cell Mol Immunol 2015;31(7):945-948. doi:10.13423/j.cnki.
cjcmi.007393.

Li XT, Wang YH, Zhou JY, Li P. Advances in Coronary Heart Disease Risk
Factors Research. Xinjiang Journal of Traditional Chinese Medicine
2023;41(3):97-101.

Li YH, Zeng Q, Zhang JF, Huang XH, Wang Y. Research Progress on Obe-
sity and Metabolic Syndrome. Chron Pathematol J 2018;19(8):1038—
1042.

Zhu HJ, Wang X, Q Pan H, Dai YF, Li NS, Wang LJ, et al. The mechanism
by which safflower yellow decreases body fat mass and improves
insulin sensitivity in HFD-induced obese mice. Front Pharmacol
2016;7:127. doi:10.3389/fphar.2016.00127.

Liu J, Yue S, Yang Z, Feng W, Meng X, Wang A, et al. Oral hydrox-
ysafflor yellow A reduces obesity in mice by modulating the gut mi-
crobiota and serum metabolism. Pharmacol Res 2018;134:40-50.
doi:10.1016/j.phrs.2018.05.012, PMID:29787870.

Lyu X, Yan K, Hu W, Xu H, Guo X, Zhou Z, et al. Safflower yellow and

Dong L. et al: Advances of safflower yellow pigments in CHD

(73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

(81]

(82]

(83]

[84]

[85]

[86]

(87]

[88]

(89]

its main component hydroxysafflor yellow A alleviate hyperleptine-
mia in diet-induced obesity mice through a dual inhibition of the
GIP-GIPR signaling axis. Phytother Res 2024;38(10):4940-4956.
doi:10.1002/ptr.7788, PMID:36943416.

Yan K, Wang X, Pan H, Wang L, Yang H, Liu M, et al. Safflower Yel-
low and Its Main Component HSYA Alleviate Diet-Induced Obe-
sity in Mice: Possible Involvement of the Increased Antioxidant En-
zymes in Liver and Adipose Tissue. Front Pharmacol 2020;11:482.
doi:10.3389/fphar.2020.00482, PMID:32372961.

Liu XT, Zhang PL, Li P, Wen XD, Li Y. Advances in the Study on the Im-
provement of Heart and Brain Diseases by Safflower Hydroxyl Yellow
A. Chinese Wild Plant Resources 2021;40(8):53-60. doi:10.3969/j.
issn.1006-9690.2021.08.010.

Chen T, Chen N, Pang N, Xiao L, Li Y, Li R, et al. Hydroxysafflor Yel-
low A Promotes Angiogenesis via the Angiopoietin 1/ Tie-2 Signaling
Pathway. J Vasc Res 2016;53(5-6):245-254. doi:10.1159/000452408,
PMID:27894114.

Wang N, He D, Zhou Y, Wen J, Liu X, Li P, et al. Hydroxysafflor yellow A
actives BK(Ca) channels and inhibits L-type Ca channels to induce vas-
cular relaxation. Eur J Pharmacol 2020;870:172873. doi:10.1016/j.
ejphar.2019.172873, PMID:31866408.

Liu L, Cui Q, Song J, Yang Y, Zhang Y, Qi J, et al. Hydroxysafflower
Yellow A Inhibits Vascular Adventitial Fibroblast Migration via NLRP3
Inflammasome Inhibition through Autophagy Activation. Int J Mol Sci
2022;24(1):172. doi:10.3390/ijms24010172, PMID:36613617.

Song DX, Jiang JG. Hypolipidemic Components from Medicine Food
Homology Species Used in China: Pharmacological and Health
Effects. Arch Med Res 2017;48(7):569-581. doi:10.1016/j.arc-
med.2018.01.004, PMID:29452699.

Hurt-Camejo E. ANGPTL3, PCSK9, and statin therapy drive remark-
able reductions in hyperlipidemia and atherosclerosis in a mouse
model. J Lipid Res 2020;61(3):272-274. doi:10.1194/Ir.C120000650,
PMID:31980481.

Tyrrell DJ, Blin MG, Song J, Wood SC, Zhang M, Beard DA, et al. Age-As-
sociated Mitochondrial Dysfunction Accelerates Atherogenesis. Circ
Res 2020;126(3):298-314. doi:10.1161/CIRCRESAHA.119.315644,
PMID:31818196.

Wang YF. The Influence of safflower yellow pigments (Letan) on the
Changes of Blood Lipids and C-reactive Protein in Patients with Coro-
nary Heart Disease. China Prac Med 2012;7(15):149-150.

Wu HX, LiJ. Treatment of 100 Cases of Hyperlipidemia with safflower
yellow pigments Powder for Injection. Journal of Practical Traditional
Chinese Medicine 2011;27(8):543.

Bao LD, Wang Y, Ren XH, Ma RL, Lv HJ, Agula B. Hypolipidemic ef-
fect of safflower yellow and primary mechanism analysis. Genet
Mol Res 2015;14(2):6270-6278. do0i:10.4238/2015.June.9.14,
PMID:26125829.

Lin B, Wan H, Yang J, Yu L, Zhou H, Wan H. Lipid regulation of pro-
tocatechualdehyde and hydroxysafflor yellow A via AMPK/SREBP2/
PCSK9/LDLR signaling pathway in hyperlipidemic zebrafish. Heliyon
2024;10(3):e24908. doi:10.1016/j.heliyon.2024.e24908, PMID:383
33845.

Jin M, Gao ZC, Wang JF. Research on the Inhibitory Effects of Hydrox-
ysafflor Yellow A on the Rabbit Platelet Activation Induced by Platelet
Activating Factor. Journal of Beijing University of TCM 2004;5:32-35.
Chen WM, Jin M, Wu W, Li JR, Yang SD. Inhibition of safflor yellow
on rabbit platelet activation induced by platelet activating fac-
tor. Chin Pharm J 2000;35(11):741-744. doi:10.3321/j.issn:1001-
2494.2000.11.009.

Huang W, Yao W, Weng Y, Xie X, Jiang J, Zhang S, et al. Hydroxysaf-
flor yellow A inhibits the hyperactivation of rat platelets by regulating
the miR-9a-5p/SRC axis. Arch Biochem Biophys 2023;747:109767.
doi:10.1016/j.abb.2023.109767, PMID:37748625.

Lee M, Li H, Zhao H, Suo M, Liu D. Effects of Hydroxysafflor Yellow A
on the PI3K/AKT Pathway and Apoptosis of Pancreatic B-Cells in Type
2 Diabetes Mellitus Rats. Diabetes Metab Syndr Obes 2020;13:1097—
1107. doi:10.2147/DMS0.5246381, PMID:32308459.

Zhao Y, Sun H, Li X, Zha Y, Hou W. Hydroxysafflor yellow A attenu-
ates high glucose-induced pancreatic B-cells oxidative damage via
inhibiting JNK/c-jun signaling pathway. Biochem Biophys Res Com-
mun 2018;505(2):353—-359. doi:10.1016/j.bbrc.2018.09.036, PMID:

DOI: 10.14218/FIM.2025.00016 | Volume 4 Issue 2, June 2025


https://doi.org/10.14218/FIM.2025.00016
http://www.ncbi.nlm.nih.gov/pubmed/18717335
https://doi.org/10.7501/j.issn.0253-2670.2019.16.023
https://doi.org/10.1002/fsn3.4466
http://www.ncbi.nlm.nih.gov/pubmed/39620014
https://doi.org/10.1038/s41569-021-00629-x
https://doi.org/10.1038/s41569-021-00629-x
http://www.ncbi.nlm.nih.gov/pubmed/34759324
https://doi.org/10.1016/j.phymed.2023.154684
http://www.ncbi.nlm.nih.gov/pubmed/36738477
https://doi.org/10.3969/j.issn.1673-9701.2024.25.027
https://doi.org/10.3969/j.issn.1673-9701.2024.25.027
https://doi.org/10.1016/j.matdes.2023.111807
http://www.ncbi.nlm.nih.gov/pubmed/24417152
https://doi.org/10.1016/j.vph.2008.11.009
http://www.ncbi.nlm.nih.gov/pubmed/19084079
https://doi.org/10.3760/cma.j.issn.0253-3758.2011.12.007
https://doi.org/10.3760/cma.j.issn.0253-3758.2011.12.007
http://www.ncbi.nlm.nih.gov/pubmed/22336504
https://doi.org/10.16368/j.issn.1674-8999.2023.02.061
https://doi.org/10.1007/s11655-015-1976-x
http://www.ncbi.nlm.nih.gov/pubmed/26015073
http://www.ncbi.nlm.nih.gov/pubmed/26015073
https://doi.org/10.13423/j.cnki.cjcmi.007393
https://doi.org/10.13423/j.cnki.cjcmi.007393
https://doi.org/10.3389/fphar.2016.00127
https://doi.org/10.1016/j.phrs.2018.05.012
http://www.ncbi.nlm.nih.gov/pubmed/29787870
https://doi.org/10.1002/ptr.7788
http://www.ncbi.nlm.nih.gov/pubmed/36943416
https://doi.org/10.3389/fphar.2020.00482
http://www.ncbi.nlm.nih.gov/pubmed/32372961
https://doi.org/10.3969/j.issn.1006-9690.2021.08.010
https://doi.org/10.3969/j.issn.1006-9690.2021.08.010
https://doi.org/10.1159/000452408
http://www.ncbi.nlm.nih.gov/pubmed/27894114
https://doi.org/10.1016/j.ejphar.2019.172873
https://doi.org/10.1016/j.ejphar.2019.172873
http://www.ncbi.nlm.nih.gov/pubmed/31866408
https://doi.org/10.3390/ijms24010172
http://www.ncbi.nlm.nih.gov/pubmed/36613617
https://doi.org/10.1016/j.arcmed.2018.01.004
https://doi.org/10.1016/j.arcmed.2018.01.004
http://www.ncbi.nlm.nih.gov/pubmed/29452699
https://doi.org/10.1194/jlr.C120000650
http://www.ncbi.nlm.nih.gov/pubmed/31980481
https://doi.org/10.1161/CIRCRESAHA.119.315644
http://www.ncbi.nlm.nih.gov/pubmed/31818196
https://doi.org/10.4238/2015.June.9.14
http://www.ncbi.nlm.nih.gov/pubmed/26125829
https://doi.org/10.1016/j.heliyon.2024.e24908
http://www.ncbi.nlm.nih.gov/pubmed/38333845
http://www.ncbi.nlm.nih.gov/pubmed/38333845
https://doi.org/10.3321/j.issn:1001-2494.2000.11.009
https://doi.org/10.3321/j.issn:1001-2494.2000.11.009
https://doi.org/10.1016/j.abb.2023.109767
http://www.ncbi.nlm.nih.gov/pubmed/37748625
https://doi.org/10.2147/DMSO.S246381
http://www.ncbi.nlm.nih.gov/pubmed/32308459
https://doi.org/10.1016/j.bbrc.2018.09.036

Dong L. et al: Advances of safflower yellow pigments in CHD

30249395.

[90] Rong)J, Li C, Zhang Q, Zheng G, Fan W, Pan Z, et al. Hydroxysafflor yel-
low A inhibits endothelial cell ferroptosis in diabetic atherosclerosis
mice by regulating miR-429/SLC7A11. Pharm Biol 2023;61(1):404—
415. doi:10.1080/13880209.2023.2225543, PMID:37410531.

[91] Wu L, Kang A, Yue SJ, Tang YP. Research Progress on the In-Vivo Pro-
cess of Hydroxysafflor Yellow A. Chinese Traditional Patent Medicine
2020;42(1):150-155. doi:10.3969/j.issn.1001-1528.2020.01.032.

[92] Huang ML, Song HP, Pang HQ, Gao W, Wen X. Research Progress
of the Pharmacokinetics of Safflor Yellow Pigments. Pharmaceuti-
cal and Clinical Research 2018;26(4):287-290. doi:10.13664/j.cnki.
pcr.2018.04.012.

[93] Gao H, Zhou HM, Yue SJ, Feng LM, Guo DY, Li JJ, et al. Oral Bioavail-

DOI: 10.14218/FIM.2025.00016 | Volume 4 Issue 2, June 2025

[94]

[95]

[96]

Future Integr Med

ability-Enhancing and Anti-obesity Effects of Hydroxysafflor Yellow
A in Natural Deep Eutectic Solvent. ACS Omega 2022;7(23):19225—
19234. doi:10.1021/acsomega.2c00457, PMID:35721932.

Liu H, Zhuang J, Tang P, Li J, Xiong X, Deng H. The Role of the Gut
Microbiota in Coronary Heart Disease. Curr Atheroscler Rep
2020;22(12):77. doi:10.1007/s11883-020-00892-2, PMID:33063240.
WulL, Tangy, Shan C, ChaiC, Zhou Z, Shi X, et al. Acomprehensive in vitro
and in vivo metabolism study of hydroxysafflor yellow A. J Mass Spec-
trom 2018;53(2):99-108. d0i:10.1002/jms.4041, PMID:29076598.

Fan L, Pu R, Zhao HY, Liu X, Ma C, Wang BR, et al. Stability and degra-
dation of hydroxysafflor yellow A and anhydrosafflor yellow B in the
Safflower injection studied by HPLC-DAD-ESI-MS". J Chin Pharm Sci
2011;20(1):47-56. doi:10.5246/jcps.2011.01.007.

115


https://doi.org/10.14218/FIM.2025.00016
http://www.ncbi.nlm.nih.gov/pubmed/30249395
https://doi.org/10.1080/13880209.2023.2225543
http://www.ncbi.nlm.nih.gov/pubmed/37410531
https://doi.org/10.3969/j.issn.1001-1528.2020.01.032
https://doi.org/10.13664/j.cnki.pcr.2018.04.012
https://doi.org/10.13664/j.cnki.pcr.2018.04.012
https://doi.org/10.1021/acsomega.2c00457
http://www.ncbi.nlm.nih.gov/pubmed/35721932
https://doi.org/10.1007/s11883-020-00892-2
http://www.ncbi.nlm.nih.gov/pubmed/33063240
https://doi.org/10.1002/jms.4041
http://www.ncbi.nlm.nih.gov/pubmed/29076598
https://doi.org/10.5246/jcps.2011.01.007

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Chemical composition and pharmacokinetics of safflower yellow pigments﻿

	﻿﻿Chemical composition of safflower yellow pigments﻿

	﻿﻿﻿Pharmacokinetics of safflower yellow pigments﻿


	﻿﻿﻿﻿Advances in the research of safflower yellow pigments for the treatment of coronary heart disease﻿

	﻿﻿Improving myocardial ischemia﻿

	﻿﻿﻿﻿Reducing myocardial ischemia-reperfusion injury﻿

	﻿﻿﻿﻿Alleviation of atherosclerotic damage﻿

	﻿﻿﻿﻿Improving vascular injury﻿


	﻿﻿﻿﻿﻿Advances in research on safflower yellow pigments for treating coronary heart disease-related risk factors﻿

	﻿﻿﻿Obesity﻿

	﻿﻿﻿Hypertension﻿

	﻿﻿﻿Hyperlipidemia﻿

	﻿﻿﻿Diabetes﻿


	﻿﻿﻿﻿Limitations﻿

	﻿﻿﻿Future perspective﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


