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ABSTRACT

Inflammation is the body's physiological response to stimuli
such as infection, trauma, and chronic disease. Its exacerbation can
lead to deterioration in health and damage to tissues in organs
such as the lungs, liver and cardiac tissues. The drive behind the
development of anti-inflammatory drugs is to improve treatment
efficacy and reduce adverse effects. The primary aim of this article
is to deliberate on the pharmacological properties of compound
from Carthamus tinctorius as an anti-inflammatory agent. Through
an extensive study of data we made a literature review. The
authors conducted a comprehensive review of 1,250 abstracts and
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70 full-text articles, of which 17 were identified as eligible for data
extraction from database google scholar and Scopus database
period from 2012 to 2022. C. tinctorius can alleviate inflammation
by inhibiting NF-kB activation and suppressing TGF-$1 promoter
binding. These processes could reduce lung injury by limiting the
inflammatory response through the TLR4-dependent pathway,
thereby improving the health of rats suffering from pulmonary
fibrosis, a condition characterised by inflammation and vascular
tissue repair. In addition, compounds in C. tinctorius are effective
in reducing T lymphocyte (CD4) apoptosis in sepsis through their
anti-apoptotic and anti-inflammatory effects. The anti-
inflammatory mechanism is also demonstrated by the reduction of

IL-6, in the lungs, liver, and cardiac tissues.

INTRODUCTION

The body's natural reaction to various stimuli,
such as infections, injuries, and chronic illnesses,
can impact the respiratory, circulatory,
digestive, and excretory systems, manifesting as
inflammation. In these conditions, inflammation
is a major factor that exacerbates tissue damage,
such as lung, liver organs. Recent anti-
inflammatory developments in the
pharmaceutical field aim to improve treatment

effectiveness, reduce side effects and provide
solutions for inflammatory conditions that are
difficult to treat (Tasneem et al, 2019). A
number of pharmaceutical developments have
been identified which have the potential to
reduce inflammation (Yeung et al., 2018). These
include targeted therapy on Janus Kinase (JAK)
inhibitors, immunotherapy and the development
of traditional medicines (Hoffman et al., 2020).
The use of traditional medicine has been a
component of medical practice in China for
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thousands of years, with a particularly strong
tradition in Indonesia, particularly in the
province of South Sulawesi. The use of medicinal
plants to treat a wide range of health conditions,
including inflammation, is one of the most
important aspects of traditional medicine. One
medicinal plant that has been shown to have
potent anti-inflammatory activity and is widely
used in traditional medicine is Carthamus
tinctorius (Print et al, 2015). In China, C
tinctorius is referred to as ‘honghua’ (red
flower), in India and Pakistan it is known as
‘kusum’ and in South Sulawesi as Kasumba
turate. One of the main compounds found in the
plant and which has been researched to have
anti-inflammatory abilities is Hydroxysafflower
Yellow A (HSYA).

Previous studies have shown that HSYA
protects lung tissue from acute lung injury (ALI)
by reducing inflammatory responses and
increasing antioxidant enzyme activity. (Song et
al, 2013; Liu et al, 2014b; Yang et al, 2015).
Further trials are required to explore the
potential of HSYA as an anti-inflammatory agent
in humans. This review aims to evaluate the
potential of C. tintorius as an anti-inflammatory
agent in various disease conditions, in the hope
of providing new insights into the development
of more effective and safe anti-inflammatory
therapies in humans..

METHODS

A literature review was conducted to
scientifically assess the treatment effects using a
search string and Boolean operators
“(("Carthamus tinctorius" OR "Kasumba Turate"
OR "safflower") AND ("Hydroxysafflor Yellow A"
OR "HSYA")) AND (("anti-inflammatory" OR
"inflammation") AND ("lung" OR "liver" OR
"cardiac tissues")) AND (("cytokines" OR "NF-
kB" OR "oxidative stress") OR ("in-vitro" OR "in-
vivo" OR "clinical trial"))” accessed on 30 August
2022. The electronic databases employed were
Google Scholar, Scopus, and PubMed, spanning
the period from 2012 to 2022, with the objective
of identifying studies related to the potential of
HSYA from C. tinctorius (Kasumba turatea) to
reduce inflammation, which is known to cause a
range of immunopathological cell and tissue
damage. The authors reviewed 1.250 abstrak
and 70 full text, seventeen articles were eligible
for data abstraction. The authors conducted a
comprehensive review of 1,250 abstracts and 70

full-text articles, of which 17 were identified as
eligible for data extraction.

Articles were included if they focused on the
pharmacological effects of Carthamus tinctorius
or its compounds, specifically Hydroxysafflor
Yellow A (HSYA), investigated anti-inflammatory
mechanisms or pathways such as NF-kB, TLR4
signaling, or cytokine suppression, examined
outcomes related to inflammation in lung, liver,
or cardiac tissues, were published in peer-
reviewed journals, written in English, and
consisted of in-vitro, in-vivo, or clinical studies.
Articles were excluded if they focused on other
plants or unrelated compounds, did not evaluate
anti-inflammatory effects, lacked sufficient
experimental details or were review articles
without original data, were published in
languages other than English, or were
inaccessible in full-text format. This rigorous
process ensured the inclusion of high-quality
and relevant studies to evaluate the anti-
inflammatory potential of Carthamus tinctorius

DISCUSSION
Hydroxysafflor Yellow A (HSYA)
demonstrates significant anti-inflammatory

properties across various diseases, including
lung, cardiac, and liver-related conditions. In
lung diseases, HSYA targets key pathways such
as NF-kB, TNF-a, IL-6, MAPK, TLR4, and TGF-f31,
thereby alleviating lung injury, pulmonary
fibrosis, and asthma by inhibiting cytokines,
regulating signaling pathways, and balancing
immune responses (Table 1). Similarly, in
cardiac conditions such as ischemic stroke,
sepsis, and myocardial ischemia/reperfusion
(MI/R) injury, HSYA exerts its effects by
inhibiting pathways like TLR4 and mTOR,
reducing oxidative stress, modulating apoptosis,
and providing neuroprotection,  which
collectively improve cardiac function, reduce
infarct size, and attenuate inflammation and cell
death (Table 2). Furthermore, in hepatocellular
and liver-related diseases, HSYA inhibits ERK1/2
and NF-xB pathways in hepatocellular
carcinoma, while reducing TGF-B1 expression,
attenuating fibrosis, and offering antioxidant
protection in chronic liver disease and liver
injury. Additionally, HSYA suppresses pro-
fibrotic markers, alleviates oxidative stress, and
protects hepatocytes, thereby supporting liver
repair and regeneration (Table 3). These results
highlight the potential of HSYA in treating
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A
Figurel. Structure A and B is Structure Hydroxysafflor Yellow A, it is compound can be
found in the C. tinctorius extraction . C. The plant of C. tinctorius

inflammatory and degenerative diseases across
organ systems.

C. tinctorius L., a member of the Asteraceae
family, is a flowering plant that is characterised
by bright yellow to orange flowers with flattened
petals, which are grouped together in a
compound flower (Fig 1C). HSYA is a bioactive
compound from C. tinctorius, its have anti-
inflammatory and antioxidant activity. Its
structure consists of two benzene rings
connected by a carbonyl and hydroxyl group,
which enhances polarity and facilitates
interaction with biological targets, thereby
influencing solubility and bioavailability in
inflammation-related diseases (Fig 1B,C). The

flowers are traditionally used for colouring,
flavouring and medicinal purposes. Major
component of C tinctorius flowers is
hydroxysafflor yellow A, a C-glycosyl, 3,4,5-
trihydroxycyclohexa-2,5-dien-1-one compound.
The compound has roles as an anti-inflammatory
agent, antioxidant, platelet aggregation
inhibitor, antineoplastic agent, inhibitor of
several molecular mechanisms sucrose alpha-
glucosidase, neuroprotective agent (Zhou et al.,
2014;Delshad et al., 2018;Print et al., 2015).
HSYA can carry out mechanisms on several
metabolic pathways and inflammatory pathways
as shown in Tables 1, 2 and 3.

Table 1. The anti-inflammatory mechanism of the HSYA in the lungs

Related to

No The anti-inflammatory mechanism . Reference
the disease
HSYA has been shown to reduce the early inflammatory (Jin et al,
1 response. HSYA may provide valuable insight into its anti- Lung injury 2018)(Wu et al,,
" inflammatory properties by inhibiting key inflammatory 2012)(Jin et al,,
mediators such as NF-kB, TNF-q, and IL-6 in lung tissue. 2016)
HSYA attenuates the inflammatory response in mice affected by Acute Lung (Liu et —al,
2. L. e . . L 2014), (Zhang
acute lung injury through inhibition of TLR 4 signaling pathway. injury etal, 2017)
HSYA at.tenu.ates. lipqpolysacchgride-induced [.)ulmona}ry Acute Lung (Wang et al,
3. inflammation in mice, with protective effects associated with iniur 2014)
MAPK and NF-kBp65 inhibition. jury
4 TBRII responsible for the inhibitory effect of HSYA on Pulmonary (Pan et al,
" pathological changes induced by TGF-f1 in pulmonary fibrosis.  fibrosis 2017)
HSYA treatment leads to a significant reduction in the
expression of pro-inflammatory cytokines, such as TNF-a and
5 IL-6, in human fetal lung fibroblasts.' Fur"thermore, the P.ulmo.nary (Liu etal, 2019)
downstream targets of NF-kB and MAPK signaling appeared to fibrosis
be attenuated following HSYA treatment, supporting the notion
of its anti-inflammatory effects.
The evidence presented in these studies strongly supports the
notion that HSYA exerts a protective effect against OVA-induced (Zheng et al,,
6. asthma through its multifaceted actions by balance process on Asthma 2019)

Th1 and Th2 cells and the subsequent activation of the MAPK
signalling pathway.
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Table 2. The anti-inflammatory mechanism of the HSYA related Cardiac Inflammation
No The anti-inflammatory mechanism Related to the disease = Reference
In relation to ischaemic stroke, HSYA have anti-
. ) . . (Lvetal,
inflammatory and neurotrophic functions. This effect .
1. . . el eas . . Ischemic stroke 2015),
is achieved by inhibiting signalling responses
mediated by the TLR4 pathway.
The diverse mechanisms of action of HSYA include
anti-apoptotic, anti-inflammatory, antioxidant
pathways, indicating its potential as a promising (Lv et al
2. therapeutic agent for neuroprotection by modulating Ischemic stroke 2016) ”
the TLR4 pathway-mediated signalling, HSYA may ’
confer neuroprotection against apoptotic stimuli and
maintain neuronal integrity.
The efficacy of HSYA in alleviating sepsis-induced (Wan ot
3. CD4(+) T |Iymphocyte apoptosis has been Sepsis &
; 7 . al, 2017)
demonstrated in preclinical studies.
HSYA exerts its effects through multiple signaling
pathways, including the inhibiting the mTOR
pathways, as we-zll as by rpodulatmg t.he expression of Myocardial
4 various genes involved in apoptosis and oxidative ischemia,/reperfusion (Ye et al,
" stress. HSYA can attenuate oxidative stress, reduce p 2020)

inflammation, and inhibit cell death pathways,
ultimately leading to improved cardiac function and

(MI/R) injury

reduced infarct size.

HSYA suppresses PKA, a signalling pathway
involved in the maintenance effects of lung
injury (Zhang et al, 2017; Wang et al, 2013;
Wang et al, 2014). HSYA has been shown to
reduce ALI via the TLR 4 pathway (Bai et al,
2018). HSYA protects by preventing MAPK
activation and NF-kB p65, as well as altering
inflammatory cytokine expression, which is
linked to inflammation and increase the activity
of antioxidant enzymes (Sun et al., 2010; Wang
etal, 2013).

HSYA also inhibited the phosphorylation of
interferon regulatory factor 3 (IRF 3) and the
translocation of NF-kB p65 by inhibiting
inhibitory kappa B-a. In addition, HSYA
suppressed the mRNA expression of TNF-a and
ICAM-1 in rat lung while balancing plasma IL-6
and IL-1f levels. It significantly suppressed the
secretion of inflammatory cytokines such as
TNF-alpha, interleukin 1-beta and nitric oxide.
(Liu et al.,, 2014; Lv et al.,, 2015; Wang et al,,
2010). It's been shown that arabinogalactan can
boost the immune system by encouraging the
production iNOS and cytokines (TNF-a and IL-
1B) in lymphocytes and macrophages (Yao et al,,
2018). HSYA primarily suppresses pulmonary
fibrosis by reducing the inflammatory response

through the inhibition of TLR4-dependent
pathways, thereby alleviating acute lung injury
in experimental animal models (Liu et al,
2014b).

There are several studies showing the ability
of C. tinctorius to reduce pulmonary fibrosis
caused by various factors. The results of the
study by Liu et al. showed that the compound can
suppress TNF-a stimulation on inflammatory
and proliferation reaction in MRC-5 cells (Liu et
al, 2019). HSYA significantly attenuated the
TNF-a-induced inflammatory response in MRC-
5 cells, as evidenced by a reduction in pro-
inflammatory  cytokine  production and
inhibition of apoptosis. This suggests that HSYA
may have therapeutic potential in mitigating
TNF-a-mediated damage to lung tissue,
providing insights for the discovery of novel
interventions for inflammatory lung diseases.
(Liu etal., 2019; Pan et al,, 2016).

In addition, "HSYA demonstrates its
capability not only in acute lung injury but also
in pulmonary fibrosis and ashma. HSYA have
potential therapeutic use in conditions linked to
TGF-B1 pathway dysregulation. Furthermore,
elucidating the inhibitory effects of HSYA on the
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Table 3. The anti-inflammatory mechanism of HSYA on various hepatocellular and liver cells

Related to

No The anti-inflammatory mechanism . Reference
the disease

1. HSYA has been shown to inhibit ERK1/2
phosphorylation and regulate NF-KB activation, and Hepatocellular (Yang et al,
to downregulate the mRNA expression of genes that .
promote cell proliferation (cyclinD1, c-myc, c-Fos) carcinoma 2015)
compared to the negative control group

2. HSYA may act through several mechanisms,
including reduced expression of (TGF)-B1, Chronic liver (Zhang et al,
antioxidant activities, and modulation of signalling disease 2011)
pathways involved in fibrosis.

3. HSYA exerts its protective effects from long-term
alcohol damage through antioxidant and anti-
inflammatory mechanisms, as well as by modulating  Liver injury (He etal,, 2015)

key TGF-B1 expression pathways involved in liver

injury and regeneration

4. The results showed that HSYA

treatment

significantly reduced liver fibrosis by suppressing
the regulation of pro-fibrotic biomarkers such as a-

SMA and collagen I. In addition, HSYA intervention

Liver fibrosis (Liuetal, 2014)

was found to alleviate inflammation and oxidative
stress in the liver, thereby protecting hepatocytes

from damage.

TGF-B1 pathway may lead to the identification of
novel HSYA-based therapeutic interventions.
(Panetal, 2017).

HSYA has been shown to regulates the levels
of  inflammatory  cytokines such as
immunoglobulin E, platelet-activating factor, IL-
1B, interleukin-6, and interleukin-4 while
increasing the levels of TNF-a and IFN-gamma.
The activation of p38 MAPK has been associated
with a number of processes in asthma, including
eosinophil differentiation, mast cell migration,
IgE synthesis, the exacerbation of Th2 responses
and airway remodelling. This research show the
potential of HSYA as a treatment strategy for
asthma by balancing Th1/Th2 cells and
inhibiting the MAPK pathway (Zheng et al,
2019).

C. tinctorius is employed as a constituent in
preparations designed to enhance blood
circulation. Modern pharmacological research
indicates that C. tinctorius exhibits a range of
bioactivities, including the dilation of coronary
arteries, modulation of the immunity and
improvement of myocardial ischemia (Han et al,,
2013). This study found several compounds that
have anti-aggregation, anticoagulant
(Kurniawan et al., 2023). antioxidant and anti-

proliferative effects ( Zhang & Niu, 2022). In
addition, this study also revealed the potential
pharmacological mechanism of safflower in
inhibiting NF-kB (Kim et al., 2023; Wu et al,,
2011).

HSYA could reduce the size of myocardial
infarction and alleviate cardiac impairment in
mice following I/R. Furthermore, HSYA was
found to inhibit myocardial apoptosis, reduce
the levels of interleukins in mouse serum, reduce
the production of inflammatory NLRP3 and
induce autophagy (Ye et al., 2020).

HSYA can also reduce vascular adventitial
proliferation and cell hyperplasia during the
remodelling process (Yuan et al, 2014) In
addition to its impact on MAPK and signaling
pathways, HSYA has shown promise in
modulating inflammatory responses. It has been
reported to inhibit the mRNA expression of
tumor necrosis factor-a and ICAM-1 in rat lung
(Yang et al, 2015). In animal models of
ventricular hypertension, HSYA also inhibits cell
apoptosis and suppresses metalloproteinase
expression (Wang et al,, 2014). Therefore, from
the description, it is known that C. tinctorius has
the ability to promote blood circulation and
protect the heart. Research shows that the
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compound HSYA can reduce the size of
myocardial infarction, inhibit myocardial
apoptosis, and reduce inflammation and cell
proliferation. A has the ability to inhibit the
development of liver fibrosis (Wang et al., 2013).
The compound works by inhibiting macrophage
activation. In a previous study, rats were
administered urther studies have revealed its
ability to reduce serum transaminase levels and
mitigate inflammation and liver necrosis.
Moreover, HSYA has been shown to diminish the
expression  of inflammatory  cytokines,
underscoring its potential as a therapeutic agent
in combating inflammatory diseases and liver
disorders. In addition to experimental animals,
the ability of HSYA compounds has also been
tested in vitro on RAW264.7 macrophage cells,
showing a decrease in migration response and
inflammatory cytokine production.
Furthermore, pre-treatment with HSYA resulted
in a reduced in matrix metalloproteinase-9
expression and the inhibition of NF-kB
recruitment and P38 phosphorylation in
RAW264.7 cells. Consequently, HSYA may be an
effective means of reducing inflammation
associated with acute liver injury(Jiang et al.,
2014).

Research by Yang et al. (2015 ) showed that
ERK1/2 molecularly activates NF-kB and
regulates its activity by decreasing p65 gene
expression, regulating p65 levels and inhibiting
IkB-a degradation. HSYA decreased the
expression levels of genes that induce cell
proliferation (cyclinD1, c-myc, c-Fos) and
increased the spleen index, demonstrating the
compound's ability to protect the immune
system. These results indicate the potential of
HSYA in the management of hepatocellular
carcinoma (Yang et al,, 2015).
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