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Emodin is a natural anthraquinone derivative extracted from Chinese herbs,

such as Rheum palmatum L, Polygonum cuspidatum, and Polygonum

multiflorum. It is now also a commonly used clinical drug and is listed in the

Chinese Pharmacopoeia. Emodin has a wide range of pharmacological

properties, including anticancer, antiinflammatory, antioxidant, and

antibacterial effects. Many in vivo and in vitro experiments have

demonstrated that emodin has potent anticardiovascular activity. Emodin

exerts different mechanisms of action in different types of cardiovascular

diseases, including its involvement in pathological processes, such as

inflammatory response, apoptosis, cardiac hypertrophy, myocardial fibrosis,

oxidative damage, and smoothmuscle cell proliferation. Therefore, emodin can

be used as a therapeutic drug against cardiovascular disease and has broad

application prospects. This paper summarized the main pharmacological

effects and related mechanisms of emodin in cardiovascular diseases in

recent years and discussed the limitations of emodin in terms of extraction

preparation, toxicity, and bioavailability-related pharmacokinetics in clinical

applications.
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1 Introduction

Cardiovascular disease (CVD), primarily ischemic heart disease and stroke, is the

leading cause of death and disability worldwide (Roth et al., 2020; Tsao et al., 2022). CVD

and mortality have been increasing globally since 1990, with the highest cardiovascular

mortality in China. Hypertension is the most significant modifiable cardiovascular risk

factor (Roth et al., 2020; China, 2022). Cardiovascular complications have been common

in patients with coronavirus disease-2019 (COVID-19) pneumonia since the outbreak of

the pandemic. Multiple studies have demonstrated that comorbid CVD is associated with

a more severe course and higher mortality in COVID-19 pneumonia (Ma et al., 2021). In

exploring its treatment, herbal remedies have made many positive contributions,

demonstrating the unique efficacy of herbal medicine.
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Chinese herbal medicines have been used in China for at least

a 1000 years, and rhubarb is the collective name of a variety of

perennial plants of the genus Polygonaceae. In China, rhubarb is

primarily used for medicinal purposes. The Chinese herb

rhubarb attacks stagnation, clears dampness and heat, dips

fire, cools the blood, removes blood stasis, and detoxifies

harmful toxins. Emodin, 1,3,8-trihydroxy-6-methylanthracene-

9,10-dione (the structure of emodin is shown in Figure 1), is an

anthraquinone compound extracted from rhubarb, with a

molecular formula of C15H10O5. Emodin is a tricyclic planar

structure with multiple modification sites: a hydroxyl group at

position 3, an anthraquinone ring mainly at positions 2 and 4,

and a methyl group at position 6 (Ghimire et al., 2015; Qiu et al.,

2021). It is used abroad as a light laxative (Li et al., 2008). The

pharmacokinetics of emodin show that emodin glucuronide/

sulfate is present only in the plasma. Emodin is present in the

kidney and lungs mainly as glucuronide/sulfate, and free emodin

is present in high levels in the liver (Lin et al., 2012; Zhu et al.,

2014). Wine processing increases the distribution of emodin in

cardiopulmonary tissue (Wu et al., 2017). Polyethylene glycolytic

drugs combined with emodin form stable emodin liposomes that

can effectively increase emodin content in the heart (Wang et al.,

2012). Laser confocal microscopy has shown that emodin is

mostly dispersed in the cytoplasm and in small amounts in the

nucleus (Wang et al., 2007). However, emodin has poor water

solubility. Therefore, the modification of various points in its

chemical structure could improve its water solubility

appropriately, which is also a reasonable way to improve its

bioavailability (Zheng et al., 2021). In this study, we integrated

18β-glycyrrhetinic acid and emodin, which not only improved

emodin bioavailability but also reduced drug toxicity. This

innovative one-step route has been shown to improve the

hatching and survival rates of zebrafish embryos and reduce

malformation and apoptosis rates of cardiomyocytes (Zhong

et al., 2022). Emodin has shown many potential health

benefits in preclinical models, with no significant toxicity to

the cardiovascular system in rats, either through intraperitoneal

or oral (20–80 mg/kg) administration (Sougiannis et al., 2021).

We first searched the National Library of Medicine website

for the medical subject headings as subject terms “emodin” and

“cardiovascular disease,a and then obtained the relevant

professional subject terms and added them to the PubMed

Search Builder to search the literature. It was found that

emodin has cardioprotective activity (Tao et al., 2015) in

atherosclerosis, myocardial ischemia-reperfusion (I/R) injury,

myocardial hypertrophy, hypertension, and hyperlipidemia.

The most recent results are shown in Table 1. In addition,

multiple studies have confirmed that emodin has a series of

protective effects in CVDs, such as antiinflammatory,

immunomodulatory, antiviral, antioxidant and oxygen-free

radical scavenging, antifibrosis, and bidirectional regulation of

intracellular calcium and L-type calcium channels in cardiac

muscle (as shown in Figure 2). This study summarized the effects

of emodin on CVDs to provide a theoretical basis for clinical

treatment.

2 The role and mechanism of emodin
in CVDs

2.1 Atherosclerosis

Coronary heart disease seriously affects human health, and

its pathogenesis is closely related to atherosclerosis. The process

of atherosclerosis includes endothelial cell injury, subendothelial

lipid deposition, proliferation and migration of vascular smooth

muscle cells (VSMCs), and monocyte adhesion, migration, and

differentiation into macrophages. The therapeutic effect of

emodin on coronary heart disease is closely associated with

the process of atherosclerosis (Li et al., 2021). In addition,

emodin can be used as an acoustic sensitizer for sonodynamic

therapy as a potential approach for atherosclerosis treatment by

exerting sonodynamic effects on THP-1 macrophages, inducing

increased reactive oxygen species (ROS) production, cytoskeletal

filament disruption, and apoptosis in THP-1-derived

macrophages (Gao et al., 2011; Qian and Gao, 2018). In vivo

experiments have also demonstrated that emodin-mediated

sonodynamic therapy can significantly reduce the size of

atherosclerotic plaques by decreasing the inflammatory

response in them. At the same time, the expression of matrix

metalloproteinase (MMP)-2 and MMP-9 in atherosclerotic

plaques in mice was decreased, and the expression of TIMP-1

was increased, suggesting that emodin-mediated sonodynamic

therapy can, to some extent, change the histological composition

of plaques and exert a stabilizing effect on them (Limin et al.,

2018). In a zebrafish model established on a high-fat diet, emodin

treatment was effective in reducing lipid accumulation in blood

vessels and liver and inhibiting the inflammatory response of

vascular neutrophils. The specific mechanism was found to

enhance low-density lipoprotein uptake, reverse cholesterol

FIGURE 1
The structure of emodin. Emodin, 1,3,8-trihydroxy-6-
methylanthracene-9,10-dione, molecular Formula is C15H10 O5.
Emodin is a tricyclic planar structure with multiple modification
sites, hydroxyl group at position 3, anthraquinone ring mainly
at positions 2 and 4, and methyl group at position 6.
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transport, and inhibit cholesterol synthesis (Wang et al., 2016; He

et al., 2022). The lipid-lowering effect of emodin is similar to that

of simvastatin, and additionally, it also restores aortic endothelial

function and improves antioxidant capacity (Wu et al., 2021).

Emodin induces apoptosis in VSMCs and exerts antismooth

muscle cell proliferation effects. It also increases the production

of ROS in cells and upregulates the level of p53 protein in a dose-

dependent manner and has therapeutic potential for progressive

arterial restenosis caused by abnormal proliferation and

migration of vascular smooth muscle (Wang et al., 2007).

Thus, emodin exerts antiatherosclerotic effects by exerting

lipid-modulating, endothelial-protective, and antiinflammatory

effects to attenuate and stabilize atherosclerotic plaques.

2.2 Myocardial infarction

Acute myocardial infarction (AMI) is characterized by an

intense inflammatory response and increased apoptosis.

Apoptosis is a mechanism that removes debris during tissue

injury, and the amount of apoptosis after myocardial infarction is

positively correlated with the extent of myocardial infarction.

The degree of inflammatory response is also a major determinant

of cardiac remodeling and function. In vivo experiments showed

that emodin significantly increased the levels of cTnI and PGC-1

(specific markers directly reflecting cardiomyocyte energy

metabolism) as well as the expression of complex I and

p-ERK in the myocardial tissue from myocardial infarction

TABLE 1 Role of emodin in cardiovascular diseases.

Disease Bioactivity Mechanism References

Atherosclerosis Anti-Inflammation decrease the expression of MMP-2 and MMP-9 increase the expression of
TIMP-1

Limin et al. (2018)

Myocardial infarction Anti-apoptosis up-regulation of miR-138, inactivated Sirt1/AKT and Wnt/β-catenin
pathways. inhibit caspase-3 activation

Zhang et al. (2019),Wu et al. (2007)

Anti-Inflammation suppress the TLR4/MyD88/NF-κB/NLRP3 inflammasome pathway,
inhibit gasdermin D-mediated pyroptosis. suppress TNF-α expression and
NF-kκB activation

Ye et al. (2019), Wu et al. (2007)

Anti-oxidant enhancement in mitochondrial antioxidant components Du and Ko (2006)

Heart failure Anti-apoptosis suppress complex I and p-ERK Liu and Ning (2021)

Anti-cardiac hypertrophy inhibits histone deacetylase activity Evans et al. (2020)

activate SIRT3 signaling Gao et al. (2020)

Hypertension Suppression of tonic
tension

inhibition of PKCδ Lim et al. (2014)

Anti-fibrosis reduce TGF-β1,CTGF,MMP-2 and TIMP-2 expression Chen et al. (2012a), Chen et al.
(2014)

Valvular calcification Anti-calcium
accumulation

suppress AKT/FOXO1 signaling Luo et al. (2022)

Anti-proliferation via the NF-κB signaling pathway by inhibiting the gene expression of
BMP2, TNF, TRAF1, and RELA.

Xu et al. (2018b)

Viral myocarditis Anti-virus differentially regulate multiple signal cascades, including Akt/mTORC1/
p70(S6K) (p70 S6 kinase), ERK1/2 (extracellular-signal-regulated kinase 1/
2)/p90(RSK) (p90 ribosomal S6 kinase) and Ca(2+)/calmodulin

Zhang et al. (2016a)

Anti-Inflammation inhibiti IL-23/IL-17 inflammatory axis, Th17 cell proliferation and viral
replication

Jiang et al. (2014)

Anti-Inflammation decrease the production of proinflammatory cytokines TNF-α and IL-1β Song et al. (2012)

Septic myocardial injury Anti-Inflammation Inhibit NLRP3 Dai et al. (2021)

Diabetic
cardiomyopathy

Anti-Inflammation upregulation the AKT/GSK-3β Signaling Pathway Wu et al. (2014)

Hyperlipidaemia Anti-Inflammation AMPK activation and PPARγ activation Chen et al. (2012b), Tzeng et al.
(2012)

inhibits 11beta-hydroxysteroid dehydrogenase type 1 Feng et al. (2010)

Calcium regulation upregulation of L-type calcium channel expression Zhao et al. (2009)
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mice. It also significantly improved myocardial energy

metabolism, reduced myocardial apoptosis, and improved

cardiac function in a dose-dependent manner (Liu and Ning,

2021). Emodin prevents myocardial cell injury by inhibiting local

inflammatory responses and apoptosis. Administration of

emodin reduced myocardial infarct size in a dose-dependent

manner in mice with AMI, significantly inhibited tumor necrosis

factor (TNF)-α expression and NF-κB activation in localized

myocardial infarct areas, and inhibited cardiomyocyte apoptosis

by inhibiting caspase-3 activation (Wu et al., 2007).

Reactive oxygen and calcium overload are involved in the

mechanism of I/R injury, and emodin not only attenuates I/R

injury in the heart, brain, kidney, and small intestine of rats and

mice through antiinflammatory effects but also has antioxidant

and calcium-modulating effects (Wang et al., 2022). After

myocardial I/R injury, the expression level of gasdermin

D-N domains is elevated in myocardial tissue, and emodin

treatment inhibits the onset of cellular pyroptosis, attenuates

the release of inflammatory mediators, and reduces the

expression of gasdermin D-N domains by inhibiting the

TLR4/MyD88/NF-κB/NLRP3 inflammatory vesicle pathway.

These results suggest a new therapeutic target for emodin to

improve myocardial I/R injury (Ye et al., 2019). In

Sprague–Dawley rats administered with emodin, MDA

production in the heart is significantly reduced after I/R, left

ventricular function is improved, and infarct size is reduced

(Sato et al., 2000). Emodin exhibits powerful free radical

scavenging activity. Similarly, emodin has myocardial

protective effects in both male and female rat heart models

of myocardial I/R by enhancing the mitochondrial antioxidant

components (Du and Ko, 2005). Low-dose emodin

pretreatment and ischemic preconditioning prevent

myocardial I/R injury through similar but not identical

biochemical mechanisms (Du and Ko, 2006). In conclusion,

emodin can reduce the apoptosis rate in the myocardial tissue,

improve cardiac function, and alleviate post-myocardial

FIGURE 2
Emodin’s potent protective effects in cardiovascular diseases, Emodin has a series of protective effects in CVDs such as anti-inflammatory and
immunomodulatory, anti-viral,anti-apoptosis, antioxidant and oxygen free radical scavenging, anti-fibrosis, and bidirectional regulation of
intracellular calcium and L-type calcium electrodes in cardiac muscle. AMPK, activated protein kinase; PPARγ, peroxisome proliferator-activated
receptor γ; Sirt1,sirtuin1; AKT, protein kinase B; TLR4,toll-like receptor-4; MyD88,myeloiddifferentiationfactor88; NF-κB, nuclear factor kappa-
B; NLRP3,Nod-like receptors protein-3.
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infarction heart failure by regulating apoptosis and the

oxidative stress response in a myocardial infarction model.

However, whether emodin affects disease progression

through other mechanisms remains to be explored in future

studies.

2.3 Hypertension

Hypertension is an important risk factor for CVDs and

VSMCs, and their contraction mechanisms are closely related

to the development of hypertension. It was demonstrated that

emodin inhibited phenylephrine-induced, deendothelialized

aortic vasoconstriction in a concentration- and time-

dependent manner, and its diastolic mechanism was verified

in primary VSMCs. Emodin was found to inhibit myosin light

chain kinase activity, attenuate contraction, and suppress

calcium by blocking PKC-δ sensitization, leading to relaxation

of VSMCs and vasodilation (Lim et al., 2014). This finding could

contribute to the development of emodin as a tonicity modulator

for the treatment of hypertension.

In addition, renal hypertension accounts for approximately

1–5% of the total number of patients with hypertension. Renal

hypertensive rats were prepared by two-kidney one-clip surgeries

and then treated with emodin, irbesartan, or their combination.

The results showed that in the emodin treatment group, the left

ventricular mass index, hydroxyproline, collagen content, MMP-

2, and TIMP-2 expressions were significantly decreased;

however, systolic blood pressure and angiotensin II (Ang II)

content remained stable to some extent. The application of

irbesartan alone or the combination of emodin and irbesartan

significantly reduced systolic blood pressure and Ang II content.

This finding suggests that emodin has no significant hypotensive

effect on renal hypertension, but its combination with irbesartan

inhibits ventricular fibrosis in Goldblatt hypertensive rats by

reducing the expression of MMP-2 and TIMP-2 tissue inhibitors

(Chen C. et al., 2012; Chen et al., 2014). Moreover, the

combination of irbesartan and emodin provides better

antifibrotic effects than single applications. Therefore, not only

can emodin produce many beneficial effects on its own, but it can

also be researched and developed as a compound drug in the

future so that it can be used as an auxiliary drug ingredient to

reduce the side-effects of other drugs and increase their efficacy.

2.4 Valvular heart disease

Calcific heart valve disease is a prevalent valve disease that

usually occurs in older adults and is increasingly being

recognized as a significant financial and health burden. In one

study, human aortic valve interstitial cells were isolated and

cultured from patients with calcific heart valve disease. The

addition of TNF-α to the culture medium induced

calcification in the cells, and the addition of emodin to the

TNF-α conditioned medium did not cause severe toxicity to

the cells. Rather, it was found to interfere with cell proliferation

and inhibit the formation of calcific deposits in a dose-dependent

manner. Treatment with emodin can reduce the serum levels of

the proinflammatory cytokines, such as TNF-α and interleukin

(IL)-1β, and inhibit TNF-α-induced calcification in human aortic

valve interstitial cells via the NF-κB pathway (Xu et al., 2018b).

Emodin also attenuates aortic valve calcification associated with

high calcium, inhibits elevated calcium levels, and upregulates

osteogenic genes and calcium accumulation in porcine aortic

valve interstitial cells under high calcium conditions. p-AKT and

p-FOXO1 were upregulated in porcine aortic valve interstitial

cells under hypercalcemic conditions, and this upregulation

could be reversed through emodin treatment. The inhibitory

effect of emodin was reversed by the addition of AKT activator,

suggesting that emodin alleviated hypercalcemia-associated valve

calcification by inhibiting AKT/FOXO1 signaling (Luo et al.,

2022). These findings provide new insights into the treatment

strategies for clinical valve calcification.

2.5 Myocarditis

The inflammatory response is a double-edged sword, and

current evidence shows that it has become a key point in

regulating the pathogenesis and progression of CVDs. Emodin

inhibits NF-κB levels in the myocardial tissue of rats with

autoimmune myocarditis, improves left heart function, and

reduces the severity of myocarditis (Song et al., 2012).

Lipopolysaccharide (LPS) stimulates the inflammatory

response of cells, which can reduce the viability of H9c2 cells,

downregulate the expression of cyclin D1 in cells, induce

apoptosis, and increase the release of IL-1β, IL-6, and TNF-α.
High concentrations of emodin (≥20 μM) can reduce H9c2 cell

viability, while low doses (10 μM) of emodin can reduce LPS-

induced cardiomyocyte inflammatory damage, mainly by

downregulating miR-223 to inactivate the JNK signaling

pathway. Overexpression of miR-223 can weaken the

myocardial protective effect of emodin on H9c2 cells.

Therefore, miR-223 is considered to be the target of emodin

antiinflammatory therapy, providing in vitro evidence that

emodin has the potential for clinical treatment of myocarditis

(Yang et al., 2019). Similarly, emodin ameliorates LPS-induced

myocardial injury and cardiac insufficiency by inhibiting

NLRP3 inflammasome activation to attenuate inflammatory

response and cardiomyocyte scorching (Dai et al., 2021).

Thus, emodin exerts antiinflammatory and protective effects

against myocardial injury.

Emodin has an anthraquinone ring structure and belongs to

the anthraquinone group, which has been shown to have

virucidal and antiviral activity against RNA, DNA, enveloped,

non-enveloped, ph-dependent, and independent viruses, such as
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hepatitis viruses, herpes viruses, and influenza viruses (Parvez

et al., 2019). Viral myocarditis is an excessive inflammation

caused by viral myocardial infection. The main pathogen is

the coxsackie group B virus, but the antiviral effect of emodin

is not direct inactivation of the virus. Emodin prevents coxsackie

virus B3 (CVB3) myocarditis by inhibiting the IL-23/IL-

17 inflammatory axis, Th17 cell proliferation, and viral

replication in mice, significantly reducing IL-23, IL-17, IL-6,

and IL-1β expression levels in the myocardium and serum of

CVB3-infected mice (Jiang et al., 2014). Studies have shown that

emodin inhibits CVB3 replication by impairing the translation

machinery and inhibiting viral translation elongation (Zhang H.

M. et al., 2016). For CVB4 infection, in vitro experiments showed

that emodin inhibited CVB4 entry and replication in a

concentration- and time-dependent manner and inhibited

CVB4 infection-induced apoptosis. In vivo studies have shown

a dose-dependent increase in survival, body weight, and mean

time to death in mice orally administered different doses of

emodin as well as a significant decrease in myocardial virus titers

and pathological scores/lesions (Liu et al., 2013). Emodin also has

strong inhibitory activity against CVB5, and studies have shown

that emodin reduced IFN-α mRNA expression but significantly

enhanced TNF-α expression during the first 0–4 h after infection

in a concentration- and time-dependent manner (Liu et al.,

2015). Furthermore, in a study of 92 patients with viral

myocarditis, control and observation groups were set up. In

the observation group, rhubarb was administered orally in

combination with the therapeutic drugs, and it was found that

rhubarb treatment effectively reduced the serum levels of IL-23,

IL-17, and sCD40L in patients with viral myocarditis and at the

same time improved the myocardial enzymatic levels and cardiac

function in patients. This confirmed the antiviral effect of

rhubarb in patients with viral myocarditis (Wu and Yang,

2018). Emodin exerts antiviral effects by blocking the

replication process of the virus. Future clinical applications

still need more accurate extraction of the active ingredients in

rhubarb to better exploit the effects of the emodin components

and reduce the side-effects caused by other impurities.

2.6 Diabetic cardiomyopathy

Emodin exerts antidiabetic and lipid-regulating effects by

upregulating the expression of L-type calcium channels in the

pancreas and heart of hyperlipidemic diabetic rats (Zhao et al.,

2009). Currently, the leading cause of death in people with

diabetes is CVD, and this complication of diabetes and CVD

is known as diabetic cardiomyopathy. Emodin induced a dose-

dependent increase in plasma superoxide dismutase activity in

dyslipidemia-diabetic rats (Zhao et al., 2009). In addition,

emodin was able to induce increased phosphorylation of

protein kinase B and glycogen synthase kinase-3β in the

myocardium of type 2 diabetic rats and improve cardiac

function (Wu et al., 2014). It was also found that emodin

exerts an antiinsulin resistance effect by downregulating miR-

20b and thus, upregulating SMAD7, which improves glucose

metabolism (Xiao et al., 2019a). Thus, emodin may not only

lower glucose and blood lipids but may also have great

therapeutic potential in diabetic cardiomyopathy and

metabolic syndrome.

2.7 Heart failure

Pathological myocardial hypertrophy is a prominent

feature of cardiac remodeling. It is an initial compensatory

response to increased ventricular wall tension, in which

sustained myocardial hypertrophy leads to cardiac

malformations and dysfunction, eventually leading to

ventricular dilatation and heart failure. In recent years,

cardiac function has been found to be closely associated

with mitochondrial metabolism. Sirt3 is a major member of

the mitochondrial sirtuin family, a key regulator of

mitochondrial metabolism and function. Overall deficiency

of Sirt3 exacerbates cardiac function and is associated with

hyperacetylation of key enzymes in the cardiac tricarboxylic

acid cycle and production of lactate and NADH (Xu et al.,

2020). Emodin blocks agonist-induced and pressure overload-

mediated myocardial hypertrophy (Evans et al., 2021) and

plays an important role in alleviating myocardial hypertrophy

by regulating the mitochondrial Sirt3 signaling pathway (Gao

et al., 2020; Guo et al., 2020). Inhibition of histone deacetylase

enzyme attenuates pathological cardiac hypertrophy and

enhances myofibril relaxation in vitro and in vivo at the

molecular level (Travers et al., 2021). Emodin blocks

cardiomyocyte hypertrophy induced by phenylephrine or

the intracellular agonist fipronil (Evans et al., 2020). In

vitro experiments have demonstrated that emodin is a

histone deacetylase inhibitor that decreases histone

deacetylase activity in cardiomyocytes to increase histone

acetylation. In vivo experiments have also demonstrated

that emodin inhibits histone deacetylase activity in Ang II-

exposed mouse hearts, reducing pathological myocardial

hypertrophy and myocardial fibrosis (Evans et al., 2020).

Therefore, antimyocardial hypertrophy is an important

target of emodin for preventing the development of heart

failure.

Myocardial fibrosis has been implicated as a causative factor

for the eventual development of heart failure. The

hyperactivation of cardiac fibroblasts, including increased

proliferation, migration, and collagen synthesis, is a key step

in cardiac fibrosis. Emodin attenuates aortic constriction

model-induced cardiac fibrosis in mice, inhibits Ang II-

stimulated cardiac fibroblast activation and migration

capacity, and significantly attenuates the upregulation of α-
SMA expression and collagen I synthesis in fibroblasts (Xiao
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et al., 2019b). Studies have shown that metastasis-associated

protein 3(MTA3) expression is associated with cardiac fibrosis,

and that MTA3 inhibits the proliferation and migration of

cardiac fibroblasts (Qin et al., 2015). In a model of fibrosis

treated with emodin, the expression of MTA3 was found to be

significantly upregulated, which was confirmed by both gene

knockdown and overexpression. Emodin inhibited the

activation of cardiac fibroblasts by upregulating MTA3,

thereby reducing cardiac fibrosis (Xiao et al., 2019b). In

addition, the activation of TGF-β and its signaling pathway

is a major factor leading to fibrosis in several organs (Khalil

et al., 2017). Emodin attenuated TGF-β1-mediated activation

and fibrosis in cardiac fibroblasts. Further, in a TGF-β1-
induced cardiac fibroblast model, emodin inhibited the

activation of Erk1/2 and attenuated the expression of

phosphorylated smad2/3, while phosphorylated

p38 increased in a dose-dependent manner (Carver et al.,

2021). These studies found that emodin can act as an

effective antifibrotic agent by modulating multiple signaling

pathways, thus reinforcing the idea that traditional Chinese

medicine may provide a novel agent for improving the clinical

management of cardiac fibrosis.

Calcium plays a crucial role in the maintenance of

intracellular and extracellular homeostatic networks. Calcium

homeostasis is critical for myocardial synchronization in heart

failure. Abnormal cardiac diastolic calcium homeostasis can

lead to impaired myocardial diastolic function, and abnormal

myocyte calcium homeostasis in heart failure with reduced

ejection fraction is associated with t-tubule disruption (Frisk

et al., 2021). Emodin has a bidirectional effect on intracellular

calcium concentrations and L-type calcium currents in adult

guinea pig cardiomyocytes. At rest, intracellular calcium

concentration was not affected by emodin concentration,

whereas with the addition of potassium chloride, different

emodin concentrations had different effects on intracellular

calcium concentration and L-type calcium current in guinea pig

cardiomyocytes, with inhibition of respective current at low

concentrations (100 μm). At high concentrations (1 mm), it

increased intracellular calcium concentration and L-type

calcium current (Liu et al., 2004). In addition, experiments

in isolated perfused beating rabbit atria showed that emodin

also increased atrial natriuretic peptide secretion in a

concentration-dependent manner, while decreasing atrial

pulse pressure and beat-to-beat output. Inhibition of L-type

calcium channels with nifedipine attenuates emodin-induced

changes in atrial natriuretic peptide secretion and atrial kinetics

(Zhou et al., 2022). This shows that the protective effect of

emodin against CVDs and impaired regulation of

cardiovascular endocytosis may be related to intracellular

calcium ion levels and L-type calcium channels in cardiac

myocytes. Experiments have only been performed under

normal physiological conditions, and further exploration in

disease models is needed.

3 Limitations of emodin application

Controversy still exists regarding the effects of emodin on

tissue and cell toxicity, proliferation, and apoptosis, as well as the

process of emodin preparation in preclinical trials. This included

the dose of application, mode of administration, absorption and

distribution, and the side-effects of diarrhea. All this leads to

difficulties in initiating clinical trials with emodin.

3.1 Extraction technology

Emodin is a natural anthraquinone derivative that is widely

found in Chinese herbal medicines, such as Rheum palmatum,

Rhizoma tigrinum, and Polygonum officinale. Therefore, it has a

wide range of sources and is widely used in medicine, health,

food, and dye stuffs. Traditional extraction methods, such as

marinated extraction, heat reflux extraction, and Soxhlet

extraction, are very time-consuming and labor-intensive

owing to the solubility properties of emodin. Modern

extraction techniques, such as microwave-assisted extraction,

can have harmful effects on the environment and human health

because of the solubility properties of emodin, although this

method is more efficient, faster, and consumes less solvent (Sun

and Liu, 2008). A previous study proposed an ultrasound-

assisted extraction method using natural deep eutectic

solvents consisting of lactic acid, glucose, and water (Wu

et al., 2018). Based on this, another study developed a more

effective, rapid, simple, and economical extraction method by

converting deep eutectic solvents into protic ionic liquids and

using a microwave-assisted extraction method instead of

ultrasound-assisted extraction (Fan et al., 2019). The

extraction and preparation of emodin is still under further

innovation and development.

3.2 Bioavailability

Regarding the pharmacokinetics and metabolism of

emodin, after the administration of 20 mg/kg emodin by

gavage, it can be rapidly absorbed by the circulatory system

with a half-life of 6.44 h. However, the oral absorption

bioavailability is only 2.83–3.2%, and about 56% of emodin

is not absorbed and is excreted out of the body through feces.

The absorbed components can be rapidly metabolized to

hydroxylated and glucuronidated metabolites, which are

mainly distributed in the kidney (Song et al., 2022; Zhou

et al., 2022). When rats were given intravenous emodin

0.4 mg/kg, it was rapidly metabolized and eliminated, with a

half-life of 1.82 h (Song et al., 2022). To improve the oral

utilization of emodin, a study was conducted to prepare

emodin nanoemulsions enriched with polyoxyethylene castor

oil (Zhang T. et al., 2016). Given the lipid solubility of emodin,
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some studies have also configured emodin-liposome coupling

agents, in which D-α-tocopheryl polyethylene glycol

1,000 succinate and a pegylated agent improved the

encapsulation efficiency and stability of emodin egg

phosphatidylcholine/cholesterol liposomes. This also

prolonged the residence time of emodin in the circulatory

system and increased its content in the heart (Wang et al.,

2012). In addition, it was found that the distribution of emodin

in the heart and lung tissues of rats was significantly altered by

wine processing—a traditional Chinese method of “wine

processing” (Wu et al., 2017). The encapsulation of drugs by

nanoparticles is beneficial for improving the targeting and

bioavailability of drugs and reducing their toxic side-effects

(Li et al., 2017). For emodin to play a more targeted role in the

cardiovascular system, additional preparation processes are still

under development, such as increasing the anticardiovascular

activity of emodin by adding modifications and loading in

combination with nano-targeting systems. A large number of

experiments are required to validate this in the future to lay the

foundation for clinical applications.

3.3 Toxicity

In a wide variety of disease models, the effects of different

emodin concentrations are not the same, and according to

previous experimental analyses, most of the different effects of

emodin are concentration-dependent and act differently in

different cells. Because the anthracycline ring in the structure of

emodin is very similar to the core of anthracyclines used in cancer

therapy (adriamycin, erythromycin, etc.), emodin has cytotoxic

and growth-inhibitory effects on different types of cancer cells.

Additionally, long-term high doses of emodin may cause

nephrotoxicity, hepatotoxicity, and reproductive toxicity (Akkol

et al., 2021). At low concentrations (less than 20 μm), emodin did

not affect the viability of cardiomyocytes and protected them from

damage in a hypoxic environment (Yang et al., 2019; Zhang et al.,

2019). In contrast, at the same low concentration (5 μm), emodin

significantly inhibited the proliferation of VSMCs and vascular

endothelial cells. The inhibition of mitochondrial activity in

VSMCs was more pronounced than that in vascular endothelial

cells (Xu et al., 2018a). In vitro experiments have shown that when

emodin affects cardiomyocyte viability at a concentration of

20 μm, it also inhibits fibroblast proliferation; at 10 μm, it

protects cardiomyocytes from ischemic and hypoxic injury, and

attenuates TG-β-induced fibroblast proliferation (Carver et al.,

2021). Therefore, the therapeutic application of emodin requires

careful evaluation of its effects on specific cell types and

exploration of the appropriate and most beneficial therapeutic

concentrations. In addition, a deeper study of the specific

mechanisms of emodin in different cells and tissues is needed

when targeting different diseases for treatment.

4 Conclusion

Emodin is a natural bioactive drug that exerts its

anticardiovascular activity through different molecular

targets in vascular cells. Emodin regulates the

inflammatory response, suppresses apoptosis, alleviates

hypertrophy, and reduces myocardial fibrosis. It has

promising prospects in myocardial ischemia,

atherosclerosis, viral myocarditis, hypertension, and heart

failure. Although encouraging results have been achieved in

this research field, most are still in the preclinical

experimental stage. Notably, clinical data supporting the

safety and pharmacokinetics of emodin in humans are

lacking. Therefore, there may be undetermined drawbacks

in the clinical use of emodin. In conclusion, the current study

represents an important step in the clinical development of

emodin as an active agent against CVD.
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Glossary

CVD Cardiovascular disease

ROS reactive oxygen species

THP-1 human acute monocytic leukemia cell

MMP matrix metalloproteinase

TIMP tissue inhibitor of metalloproteinase-1

cTnI cardiac troponin I

PGC-1 peroxisome proliferator-activated receptor-γ
coactivator-1

p-ERK phosphorylated-extracellular signal-regulated kinase

JNK Jun kinase enzyme

TNF-α tumor necrosis factor-alpha

NF-κB nuclear factor kappa-B

IR Ischemia-Reperfusion

TLR4 toll-like receptor-4

MyD88 myeloiddifferentiationfactor88

NLRP3 Nod-like receptors protein-3

MDA malondialdehyde

VSMCs vascular smooth muscle cells

PKC protein kinase C

Ang II angiotensin II

IL-1b interleukin-1b

IL-6 interleukin-6

IL-23 interleukin-23

IL-17 interleukin-17

p-AKT phosphorylated-protein kinase B

p-FOXO1 forkhead box protein O1

LPS Lipopolysaccharide

miR micro RNA

Th17CVB3 CVB3coxsackievirus B3

CVB4 coxsackievirus B4

CVB5 coxsackievirus B5

IFN-α interferon-alpha

TNF-γ tumor necrosis factor-gama

SMAD7 small mother against decapentaplegic-7

Sirt3 sirtuin 3

NADH reduced form of nicotinamide-adenine dinucleotid

α-SMA alpha-smooth muscle actin

MTA3 metastasis-associated protein 3

TGF-β transforming growth factor-beta
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