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Emodin (1,3,8-trihydroxy-6-methylanthraquinone) is a natural occurring anthraquinone derivative iso-
lated from roots and barks of numerous plants, molds, and lichens. It is found as an active ingredient
in different Chinese herbs including Rheum palmatum and Polygonam multiflorum, and has diuretic,
vasorelaxant, anti-bacterial, anti-viral, anti-ulcerogenic, anti-inflammatory, and anti-cancer effects. The
anti-inflammatory effects of emodin have been exhibited in various in vitro as well as in vivo models
of inflammation including pancreatitis, arthritis, asthma, atherosclerosis and glomerulonephritis. As an
anti-cancer agent, emodin has been shown to suppress the growth of various tumor cell lines including
hepatocellular carcinoma, pancreatic, breast, colorectal, leukemia, and lung cancers. Emodin is a pleiotro-
pic molecule capable of interacting with several major molecular targets including NF-jB, casein kinase
II, HER2/neu, HIF-1a, AKT/mTOR, STAT3, CXCR4, topoisomerase II, p53, p21, and androgen receptors
which are involved in inflammation and cancer. This review summarizes reported anti-inflammatory
and anti-cancer effects of emodin, and re-emphasizes its potential therapeutic role in the treatment of
inflammatory diseases and cancer.

� 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Most cancers are the result of dysregulation of multiple cell sig-
naling pathways. Therefore, drugs that target multiple cell signal-
ing pathways are needed for prevention and treatment of cancer
[1]. Chemotherapy and radiotherapy are the major conventional
therapies that have long been used to combat cancer but are inef-
fective, expensive, and found to impose serious side effects [2].
Multidrug resistance is also emerging as the major problem in
the conventional treatment of cancer [3]. Therefore, continuous re-
search has been going onto discover alternative non-toxic drugs
and combinational therapies that can replace the existing conven-
tional methods of treatment. Traditional Chinese Medicines (TCM)
have attracted great attention not only because of their anti-
inflammatory and anti-cancer effects but also as they incur low
costs, increase the sensitivity of chemo- and radio-therapies and
most importantly improve the quality of patient’s life and survival.
In TCM, constituents of rhubarb (Rheum palmatum) have found a
wide range of therapeutic applications including antihyperlipi-
demic cholesterolemic, antiseptic, antispasmodic, antitumor, ape-
rient, and astringent. Other applications include curing gastric

http://crossmark.crossref.org/dialog/?doi=10.1016/j.canlet.2013.08.023&domain=pdf
http://dx.doi.org/10.1016/j.canlet.2013.08.023
mailto:ksahn@khu.ac.kr
mailto:phcgs@nus.edu.sg
http://dx.doi.org/10.1016/j.canlet.2013.08.023
http://www.sciencedirect.com/science/journal/03043835
http://www.elsevier.com/locate/canlet


140 D. Shrimali et al. / Cancer Letters 341 (2013) 139–149
and renal disorders, removing bacterial dysentery, promoting
blood circulation and improving blood stasis [4].

Major compounds of therapeutic importance in rhubarb are
derivatives of anthraquinone, including emodin, rhein, aloe-emo-
din and physcion [5]. Among these, the most promising natural
anthraquinone is emodin because of its chemopreventive and che-
motherapeutic potential. Many reports suggest that emodin effi-
ciently suppresses multiple cell signaling pathways and also
inhibits cell proliferation, invasion, metastasis, and angiogenesis
[2]. Moreover, it has also been used in the treatment of gallstones,
inflammation, hepatitis, osteomyelitis, bacterial, and viral infec-
tions [6]. This review will focus on various molecular targets mod-
ulated by emodin (as shown in Fig. 1) and its promising role in the
treatment of inflammatory disorders and cancer.
2. Reported anti-inflammatory effects of emodin

Emodin is capable of inhibiting several inflammatory biomark-
ers that play a crucial role in the development of cancer. Some of
these molecules include: Nuclear factor-kappa B (NF-jB), tumor
necrosis factor (TNF-a), interleukin (IL)-1b, IL-6, IL-8, chemokine
CXCR4, adhesion molecules such as intracellular adhesion mole-
cule 1 (ICAM-1), endothelial leukocyte adhesion molecule (ELAM),
vascular cell adhesion molecule 1 (VCAM-1), and angiogenic fac-
tors such as vascular endothelial growth factor (VEGF). The poten-
tial role of emodin in treating various inflammatory diseases is
evident from the fact that it inhibits TNF-induced activation of
NF-jB, which is involved in transcription of various pro-inflamma-
tory genes involved in disease progression. Adhesion molecules
such as ICAM-1, VCAM-1 and ELAM-1 contains binding site for
NF-jB. Inhibition of NF-jB leads to inhibition of monocyte attach-
ment to endothelial cells as well as expression of these adhesion
molecules [7]. Emodin has also been shown to suppress lipopoly-
saccharide-induced pro-inflammatory cytokines (IL-1b, IL-6) and
chemokines (IL-8, CCL2), and NF-jB activation by disrupting lipid
rafts in CD14-negative endothelial cells [8]. Emodin inhibits the
differentiation and maturation of dendritic cells (DC), increases
CD4+CD25+ regulatory T cells (Tregs), and significantly decreases
IL-12p70. It was also shown that emodin inhibits activated T cell
proliferation and decrease cytokine production, IL-2 expression
and [Ca2+] in cells [9,10]. Mechanistic studies revealed that emodin
Fig. 1. Key oncogenic targets modulated by emodin in t
inhibits CXCR4-mediated chemotaxis of leukocytes by inactivating
MEK/ERK pathway and thereby proves itself as a potent anti-
inflammatory agent [11]. Yu et al. [12] showed that treatment of
emodin increases the phagocytosis of macrophages, activity of nat-
ural killer cells and the expression of cytokines (IL-1b and TNF-a)
in leukocytes isolated from Sprague–Dawley rats. In RAW 264.7
macrophages, treatment with 20 lg/ml of emodin led to inhibition
of a panel of inflammation-associated genes such as TNF-a, iNOS,
IL-10, cytosolic IjBa, IKK-a and IKK-c [13]. High mobility group
box 1 (HMGB1) protein is believed to be a potent pro-inflamma-
tory cytokine. Lee et al. [14] first demonstrated that emodin sup-
presses HMGB1 release, TNF-a, and the activation of NF-jB by
HMGB1 in human umbilical vein endothelial cells (HUVECs). The
anti-inflammatory effects of emodin have drawn the attention of
researchers to explore the molecular mechanisms and therapeutic
potential of emodin in the treatment and prevention of various
inflammatory disorders. Interestingly, the therapeutic potential of
emodin has been investigated in various inflammatory diseases
such as pancreatitis, asthma, arthritis, atherosclerosis, myocarditis,
glomerulonephritis and Alzheimer’s disease. These are discussed in
brief as follows.
2.1. Pancreatitis

Emodin has long been used as a therapeutic agent for treating
acute pancreatitis. Acute pancreatitis (AP) is an inflammatory con-
dition characterized by increased paracellular permeability and
loss of barrier function in pancreas. Pancreatic claudin and occlu-
din seal the paracellular pathway in epithelium and endothelium
and thus play a major role in barrier function. In sodium-taurocho-
late-induced acute pancreatitic rats, emodin ameliorated pancre-
atic inflammation and edema, reduced pancreatic TNF-a and IL-6
levels, decreased paracellular permeability, and promoted clau-
din-5 and occludin expression [15]. It has been shown that emodin
prevents coagulation and improves cryoprotection and micro-
thombosis by inhibiting the release of inflammatory cytokines
and abnormal metabolism of eicosanoids [16]. Lou et al. studied
the effect and mechanism of emodin on pancreatic repair and
remodelling in rats induced with acute pancreatitis by intraperito-
neal infusion of caerulein. Emodin not only reduced serum amylase
level but also enhanced the expression of TGF-b1 gene. Results
he treatment of inflammatory ailments and cancer.
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suggested that emodin regulates cell growth and differentiation,
stimulates the formation of extracellular matrix components, in-
creases DNA synthesis and protein content, and thereby plays an
important role in pancreatic repair and remodeling [17]. This was
supported by previous studies showing that emodin accelerate
pancreatic repair and regeneration by upregulating TGF-b1 and
EGF gene expressions in AP rats [18,19]. Emodin together with
baicalin has been found to reduce serum amylase, TNF-a and IL-
6 levels [20,21]. It suppresses expression of toll-like receptor 4
(TLR4) in pancreas and lung and thereby attenuates pancreatic
and pulmonary damage in rats with AP [20]. In addition, it reduces
pancreatic myeloperoxidase (MPO) activity and stromal cell-de-
rived factor-1 (SDF-1) expression, thereby ameliorates pancreatic
inflammation [21]. Li et al. [18] showed that emodin has a protec-
tive role in rats with acute necrotizing pancreatitis (ANP) (on intes-
tinal lesions) by suppressing NF-jB pathway, and decreasing TNF-
a and IL-1b production.

2.2. Arthritis

One of the characteristic features of rheumatoid arthritis (RA) is
synovial angiogenesis which is supposed to be mediated by various
pro-inflammatory cytokines, VEGF, and hypoxia inducible factor-1
alpha (HIF-1a). Under hypoxic condition, emodin significantly re-
duces the production of pro-inflammatory cytokines [TNF-a, IL-6
and IL-8], mediators [prostaglandin E(2) (PGE(2)), matrix metallo-
proteinase (MMP)-1 and MMP-13] in IL-1b and LPS-treated synovi-
ocytes. Additionally, it decreases vascular endothelial growth
factor (VEGF), cyclooxygenase 2 (COX-2), HIF-1a and histone
deacetylase (HDAC1) expression, indicating that it is a novel ther-
apeutic agent in the treatment of arthritis [22]. A recent report by
Xiang et al. [23] showed that emodin directly stimulates cellular
proliferation and differentiation in MC3T3-E1 osteoblastic cell line
and therefore can be used to treat fractures, rheumatoid arthritis,
muscle injury and pain.

2.3. Asthma

Asthma is a chronic respiratory disease characterized by bron-
chial inflammation and airway hyperresponsiveness. In the mouse
model of asthma, increased production of Th2 cytokines (such as
IL-5 and IL-13), eosinophils, and serum levels of immunoglobulin
E (IgE) were observed in mice that were sensitized and challenged
with ovalbumin. Moreover, mucin component Muc5ac, and chiti-
nase proteins (Acidic mammalian chitinase (AMCase) and chitinase
3-like protein 4 [Ym2] were also found to be much higher. Pre-
treatment with emodin, before ovalbumin challenge not only sup-
pressed the characteristics of airway inflammation, mucin
components and chitinase proteins expression but also effectively
inhibited the NF-jB signaling pathway, which regulates the
expression of many inflammatory mediators [24]. Mast cells are
important mediators of allergy and anaphylaxis reaction. They ex-
press a high-affinity receptor (FceRI) for the Fc region of IgE. Cross
linking results in complex sequence of signaling events which
leads to degranulation, cytokine/chemokine (TNF-a, and IL-6) pro-
duction and eicosanoid (leukotrienes and prostaglandin) release. In
IgE/Ag-stimulated mast cells, Lu et al. demonstrated that emodin
inhibits these signaling events in a dose-dependent manner, thus
supporting the notion that emodin is a potent anti-allergic agent.
Furthermore, emodin was also reported to inhibit FceRI-mediated
signaling pathways and multiple downstream signaling processes
including Ca2+ mobilization within cells and activation of the mito-
gen-activated protein kinase (MAPK), phosphatidylinositol 3-ki-
nase (PI3K), and NF-jB pathways. Oral administration of emodin
in IgE-sensitized mice lowered the mast cell-dependent passive
anaphylactic reaction [25].
2.4. Atherosclerosis

Atherosclerosis is a chronic inflammatory, fibroproliferative dis-
ease in which formation of plaque occurs inside the blood vessels.
Vulnerable artherosclerotic plaques (VAP) are unstable, prone to
rupture, leading to thrombosis and sudden cardiac death. They
are composed of thin fibrous cap, a large lipid core, and accumu-
lated inflammatory cells [26]. Granulocyte macrophage-colony
stimulating factor (GM-CSF), MMP-9, TNF-a, and IL-1b are few
inflammatory mediators related to atherosclerosis. They promote
degradation of extracellular matrix in the plaque and reduce the fi-
brous cap which consequently leads to disruption of plaque. An
important component of plasma lipoprotein is apolipoprotein E
(ApoE) with anti-atherosclerosis function. Zhou et al. conducted
experiments to explain the possible mechanism of how emodin
stabilizes VAP in the ApoE-deficient mice. Mice were fat-fed for
13 weeks and later administered emodin and simvastin intragas-
trically. Results showed that emodin significantly reduced the lipid
core area and the ratio of lipid to collagen contents, down-regu-
lated the expression of the above-mentioned inflammatory media-
tors and promoted PPAR-c expression and thus played a beneficial
role in stabilizing VAP [27]. In rat aortic smooth muscle cells (RAS-
MCs), emodin attenuates TNF-a induced proliferation, migration,
MMP-2 and MMP-9 expression and NF-jB activation [28]. Reports
have shown that emodin exerts its anti-atherogenic effects in TNF-
a induced human aortic smooth-muscle cell (HASMC) proliferation
via caspase-and mitochondria-dependent apoptotic pathways
[29,30]. Heo et al. showed that treatment of human monocyte,
THP-1, with emodin followed by treatment with light significantly
reduced the production of ROS as well as ICAM-1, IL-8, MCP-1,
TNF-a, and IL-6. Emodin also reduced the phosphorylation of the
p38 MAPK and IjBa. Furthermore, it inhibited the NADPH oxidase
p47 (phox), small interference RNA (siRNA) and NF-jB activation
[30]. The sonodynamic effect of emodin on THP-1 derived macro-
phages was shown by Gao et al. [31] macrophages exposed to
ultrasound showed typical features of apoptosis such as chromatin
fragmentation and disturbed cytoskeletal filaments.

2.5. Myocarditis

Myocarditis is inflammation of the heart muscle in which high
expression of pro-inflammatory chemokines and cytokines have
been observed. In rat model of experimental autoimmune myocar-
ditis (EAM), 50 mg/kg/day emodin was administered to 3–6 weeks
old male Lewis rat. Echocardiographic and histopathological exam-
ination revealed that treatment with emodin considerably en-
hanced the functioning of the left ventricle and reduced the
severity of myocarditis. Moreover, serum levels of pro-inflamma-
tory cytokines, TNF-a and IL-1b, were also significantly reduced
by emodin treatment. Nuclear factor-jBp65 (NF-jBp65), a regula-
tor of pro-inflammatory cytokines, was also suppressed by emodin
treatment [32]. Wu et al. showed that emodin reduced myocardial
infarct size (MIS) in murine model of acute myocardial infarction
(AMI). Moreover, emodin significantly protected against myocar-
dial cell injury as evidenced by the fact that it inhibited inflamma-
tion by suppressing TNF-a and NF-jB as well as caspase-3-
mediated apoptosis [33].

2.6. Glomerulonephritis

Glomerulonephritis (GN) is inflammation of glomeruli charac-
terized by accumulation of extracellular matrix. It has been shown
that inhibition of protein kinase CK2 can be effective in the treat-
ment of glomerulonephritis [34]. According to the study conducted
by Wei et al. in GN induced rats, emodin decreased the expansion
of mesangial matrix. It also inhibited production of fibronectin
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which is an important component of mesangial extracellular ma-
trix. Decreased IL-1b level suggests the therapeutic role of emodin
in mesangioproliferative glomerulonephritis [35]. Liu et al. studied
the effects of emodin on human fibroblasts in culture of kidneys in
patients with lupus nephritis (LN). Emodin inhibited the prolifera-
tion of fibroblasts. Furthermore, it was also found to promote
apoptosis by upregulating the expression of c-myc gene [36].

2.7. Alzheimer’s disease

Deposition of b-amyloid protein (Ab) and accumulation of tau
protein into paired helical filaments (PHFs) is a hallmark of Alzhei-
mer’s disease. Pickhardt el al. [37] found that emodin was effective
in inhibiting the abnormal aggregation of tau protein into PHFs.
Emodin proved to be an efficient neuroprotective drug as it up-reg-
ulated Bcl-2, activated ER/PI3K/AKT pathways and inhibited JNK1/
2 phosphorylation and thereby protected cortical neurons from
Ab25-35-induced toxicity [38]. The potential effects of emodin on
major pro-inflammatory diseases are summarized in Table 1.

3. Reported anti-cancer effects of emodin

The anti-cancer effects of emodin have been studied in different
tumor cell lines and in pre-clinical animal models. Some of these
are discussed in brief below:

3.1. Anti-proliferative effects of emodin

Anti-proliferative activity of emodin has been substantiated in a
wide variety of tumor cell lines including breast cancer (Her-2/
neu) [39], gastric carcinoma (SGC-7901) [40], pancreatic cancer
(SW1990) [41], adenocarcinoma (Anip973) [42], prostate cancer
(LNCap) [43], hepatocellular carcinoma (HepG2, Huh7, Hep3B,
SMMC-7221) [44,45], leukemia (K562, jurkat, HEL), glioma (C6)
[46] and lung cancer (NIH-H460, NSCLC) [47]. Protein tyrosine ki-
nase catalyzes the phosphorylation of tyrosine residues in many
protein substrates such as MAPK, PKC, NF-jB, ERK and thereby
plays an important role in regulating cellular proliferation [48].
Emodin efficiently suppresses these signaling cascades and thereby
exerts anti-proliferative effects. Emodin suppresses HER-2/neu
tyrosine kinase activity in HER-2/neu-overexpressing breast cancer
cells MDA-MB-435 and thereby represses proliferation of these
Table 1
Reported anti-inflammatory effects of emodin.

Diseases Mechanism(s) of action

Pancreatitis Reduces pancreatic TNF-a and IL-6 levels; ameliorates
Inhibits inflammatory cytokines and abnormal metaboli
and microthombosis
Reduces serum amylase level; increases TGF-b1 gene ex
Reduces pancreatic MPO activity and SDF-1 expression;
Suppresses NF-jB pathway, and decreases TNF-a and IL

Arthiritis Reduces TNF-a, IL-6 and IL-8, PGE (2), MMP-1 and MMP
LPS-treated synoviocytes

Asthma In the mouse model of asthma, increases amounts of Th
components and chitinase protein levels, inhibits NF-jB
Inhibits degranulation, generation of eicosanoids (prost
IL-6) in IgE/Ag-stimulated mast cells.

Atherosclerosis Downregulates GM-CSF, MMP-9, TNF- a, and IL-1 and p
Attenuates TNF-a-induced proliferation and migration,
Decreases ICAM-1, IL-8, MCP-1, TNF-a, and IL-6 and ph

Myocarditis Reduces serum levels of pro-inflammatory cytokines, TN
Suppresses TNF-a expression and NF-jB activation; redu

Glomerulonephritis Decreases IL-1level; inhibits fibronectin production
Alzheimer’s disease Up-regulates Bcl-2; activates ER/PI3K/AKT pathway and

Ab25-35-induced toxicity
cells [49]. Emodin sensitized HER-2/neu-overexpressing lung can-
cer cells to chemotherapeutic drugs [50]. Emodin was found to re-
press transformation and metastasis-associated properties of HER-
2/neu-overexpressing breast cancer cells [51]. Emodin was shown
to inhibit tyrosine-kinase-mediated phosphorylation of vascular
endothelial growth factor (VEGF) receptors in colorectal cancer
cells [52]. Emodin induced DNA damage by reactive oxygen species
(ROS) generation, thereby inhibiting cellular proliferation. Mam-
malian recombination protein Rad51 and excision repair cross
complementary-1 (ERCC-1) play an important role in repairing
damaged DNA. It has been seen that the expression of both these
proteins are high in cancer, causing instability of the genome.
Treatment of emodin increases the antitumor antibiotic, mitomy-
cin C (MMC)-induced cytotoxicity via ERK1/2 inactivation and
Rad51 down-regulation in lung cancer H1703 or A549 cells [53]
and has an additive effect on cisplatin-induced cytotoxicity via
downregulating ERCC1 expression in human NSCLC cells through
regulation of the ERK1/2 signaling pathway [54]. In human non-
small cell lung cancer (NSCLC), emodin with (or without) capecit-
abine induced cytotoxicity by down-regulating the expression of
Rad51 and ERCC1 [47,55].

In another study, Yang et al. [56] showed that emodin exhibited
cytotoxicity on esophagus cancer EC/CUHK1 cell line by signifi-
cantly increasing ROS production both in vitro and in vivo. Emodin
could reverse the multi-drug resistance in breast cancer MCF-7/Adr
cells and down-regulate ERCC1 protein expression [57]. Similarly,
in prostate cancer, co-treatment with emodin and cisplatin signif-
icantly increased the production of ROS and chemosensitivity in
DU-145 cell line. The same study also reported that emodin
down-regulates multi drug resistance (MDR1) gene and sup-
pressed HIF-1a expression both in vitro and in vivo [58]. Li et al.
showed that in drug-resistant ovarian tumor A2780/taxol cells,
emodin could suppress the Pgp drug-pump, which is responsible
for development of drug resistance in cancer cells as well as
MDR1 gene expression. Moreover, expression of anti-apoptotic
molecules such as XIAP and survivin were also significantly
down-regulated [59]. Interestingly several reports also suggest
that emodin has been used as an effective agent to target the
down-regulation of androgen receptor (AR) for treatment and pre-
vention of advanced prostate cancer. In this respect, emodin has
been shown to directly target AR to suppress prostate cancer cell
growth in vitro. Emodin treatment resulted in repressing
Refs.

pancreatic inflammation and edema [15]
sm of eicosanoids; prevents coagulation, improves cryoprotection [16]

pression in AP-induced rats [17]
ameliorates pancreatic inflammation [21]
-1b in ANP rats. [18]

-13 and VEGF, COX-2, HIF-1a and HDAC-1expression in IL-1b and [22]

2 cytokines, eosinophils, and serum levels of IgE. Increases mucin
pathway

[24]

aglandin and leukotriene), and secretion of cytokines (TNF-a and [25]

romotes PPAR-c expression; stabilize the VAP [27]
MMP-2 and MMP-9 expression and NF-jB activation [28]
osphorylation of the p38 MAPK and IjB-a in human monocytes [30]

F-a and IL-1b and NF-jB (p65) [32]
ces myocardial infarct size, protects against myocardial cell injury [33]

[35]
inhibits JNK1/2 phosphorylation; Protects cortical neurons from [38]
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androgen-dependent transactivation of AR by inhibiting AR nucle-
ar translocation. Furthermore, emodin decreased the association of
AR and heat shock protein 90 and increased the association of AR
and MDM2, which in turn induced AR degradation through protea-
some-mediated pathway in a ligand-independent manner [60].
Emodin down-regulated AR in LNCaP under normoxic and hypox-
ia-like conditions (simulated by CoCl2 and low-density lipoprotein
receptor-related protein 1 (LRP1) under normoxia [61]. Similarly,
Yu et al. [43] showed that in LNCaP cells emodin reduces the
expression and function of AR and enhances the expression of
p53 and p21.

3.2. Effect on pro-inflammatory transcription factor NF-jB

NF-jB is a pro-inflammatory transcription factor that controls
transcription of genes involved in cell proliferation and cell sur-
vival. Constitutive expression of NF-jB is an emerging hallmark
of cancer. In fact, constitutive NF-jB activation is generally associ-
ated with cancer proliferation, survival, chemoresistance, radiore-
sistance, and progression of various cancers. Thus, NF-jB
emerges as an important target for developing adjuvant cancer
treatment. Liu et al. [41] showed that emodin promotes apoptosis
and exhibits anti-metastatic effect on SW-1990 pancreatic cancer
cells both in vitro and in vivo by suppressing NF-jB DNA binding
activity, survivin and MMP-9 proteins. Treatment of emodin with
12-O-tetradecanoylphorbol-13-acetate (TPA) -stimulated cancer
cells significantly reduces IjBa degradation, translocation of p65
to nucleus and thereby inhibits NF-jB signaling pathway in human
cancer HSC5 and MDA-MB-231 cell line [62].

3.3. Reported effects on apoptosis

Apoptosis is generally triggered by two major pathways. One
pathway is the death receptor-induced extrinsic pathway which
includes ligands and their receptors such as FAS, TNF, TRAIL, casp-
ases and Bcl2. The other pathway is the mitochondria–apopto-
some-mediated apoptotic intrinsic pathway which includes key
effector caspases-8, -9 and -10. Emodin is characterized as a strong
apoptotic agent. Several reports indicate that emodin induces
apoptosis by ROS production, caspase- and mitochondrial depen-
dent signaling pathways in various cancer cell lines, including hu-
man tongue squamous cancer SCC-4 cells [63], apoptosis human
breast cancer BCap-37 cells [64], human lung adenocarcinoma
A549 cells [65], human cervical cancer cells [66] and human colon
cancer cells (LS1034) [67]. Emodin could inhibit the growth of
HepG2 cells significantly as evident by IC50 of 36+/�2.6 lg/ml
[44]. Emodin arrests liver cancer Huh7, Hep3B, and HepG2 cells
in G2/M phase, which is accompanied by increase in expression
levels of cyclin A, cyclin B, Chk2, Cdk2, and p27 and decrease in
expression levels of Cdc25c and p21 [45]. It is evident that emodin
induces apoptosis via p53-dependent pathway. p53 is a tumor sup-
pressor gene, which is involved in inhibition of cellular prolifera-
tion by inducing cell cycle arrest and apoptosis. It was
demonstrated by the use of p53 inhibitor (such as pifithrin-alpha)
or knocking down the expression of p53 that emodin induces ATM
phosphorylation at Ser1981 resulting in phosphorylation of p53-
Ser15 which simultaneously resulted in activation of Bax, release
of cytochrome C followed by apoptosis in human lung adenocarci-
noma A549 cells [68]. Study on hepatocarcinoma cells Huh7,
Hep3B, and HepG2 revealed that treatment of emodin retards
NF-jB/p65 protein level, and Bcl-2 expression, with simultaneous
increase in p53 levels. It releases mitochondrial cytochrome C
and also activates caspase-8 and -9 [69].

Similarly, in another study, Shieh et al. [70] showed that in
HepG2/C3A cells overexpression of p53 and p21 is responsible
for induction of apoptosis. Also, it was observed that levels of
Fas/APO-1 and caspase-3 were changed by emodin. Reports
showed that treatment with emodin caused cell cycle arrest. Emo-
din caused G2/M arrest in liver cancer cells and human colon car-
cinoma HCT116 cells [45,52], blocked the G(0)/G(1) phase in
myeloid leukemia cell line and Anip973 [42,71], G1 to S phase of
the cell cycle in human colon carcinoma HCT-15 cells [72] and
breast cancer MDA-MB-453 cells [73].

Emodin has also been shown to induce apoptosis by decreasing
c-myc, hTERT, Bcl-2, procaspase-3, -8 and -9 expression and
increasing caspase-3 and poly ADP ribose polymerase (PARP)
expressions in leukemic Jurkat cells [74]. Muto et al. [6] showed
that emodin induced apoptosis by selectively inhibiting interleu-
kin-6-induced JAK2/STAT3 pathway and down-regulating myeloid
cell leukemia 1 [Mcl-1]. Our recent findings also suggest that emo-
din can suppress STAT3 activation in a dose- and time-dependent
manner in hepatocellular carcinoma cells through the induction
of tyrosine phosphatase SHP-1 [75].

Emodin induced apoptosis by down-regulating c-myc expres-
sion in HL-60 cells, p21 expression in myeloid leukemia cell line
K562, and XIAP, survivin and beta-catenin in pancreatic cancer
cells [76–78]. The study by Lee et al. [79,80] demonstrated that
emodin induces apoptosis in human lung squamous cell carcinoma
CH27 cell death by Bax death pathway and Fas pathway. Inhibition
of CK2 by emodin increased apoptotic cell death mediated by Fas
ligand (FasL)/Fas, tumor necrosis factor (TNF)/TNF receptor and
TNF-related apoptosis-inducing ligand (TRAIL)/TRAIL receptor in
HepG2, Hep3B and HeLa cells [81]. Our group recently investigated
the potential of emodin to enhance apoptosis induced by TRAIL in
hepatocellular carcinoma (HCC) cells. As observed by MTT cytotox-
icity assay and the externalization of the membrane phospholipid
phosphatidylserine, we found that emodin can significantly poten-
tiate TRAIL-induced apoptosis in HCC cells. When investigated for
the mechanism(s), we observed that emodin can downregulate
the expression of various cell survival proteins, and induce the cell
surface expression of both TRAIL receptors, death receptors (DR) 4
as well as 5. In addition, emodin increased the expression of C/EBP
homologous protein (CHOP) in a time-dependent manner. Knock-
down of CHOP by siRNA decreased the induction of emodin-in-
duced DR5 expression and apoptosis. Emodin-induced induction
of DR5 was mediated through the generation of ROS, as N-acetyl-
cysteine blocked the induction of DR5 and the induction of apopto-
sis. Also, the knockdown of X-linked inhibitor of apoptosis protein
by siRNA significantly reduced the sensitization effect of emodin
on TRAIL-induced apoptosis. Overall, our findings clearly indicate
that emodin can indeed potentiate TRAIL-induced apoptosis
through the downregulation of anti-apoptotic proteins, increased
expression of apoptotic proteins, and ROS mediated upregulation
of DRs in HCC cells [82].

Similarly, Jing et al. [83] found that emodin can generate ROS,
which induced a reduction of the intracellular mitochondrial trans-
membrane potential (DeltaPsim), followed by the activation of cas-
pase-9 and caspase-3, leading to DNA fragmentation and apoptosis
in HepG2 cells. In esophagus carcinoma EC-109 cells, emodin de-
creased intracellular pH (pHi) significantly by 0.47–0.78 units
and generated ROS, leading to cellular apoptosis [84]. Tribbles
homolog 3 (TRB-3) is a pro-apoptotic gene and it has been shown
that inhibition of TRB3 by siRNA knockdown attenuated emodin-
induced microglial cytotoxicity [85]. Emodin potentiated arsenic-
induced apoptosis in HeLa cells by inducing production of ROS that
in turn causes mitochondrial transmembrane potential to collapse
and subsequently inhibit NF-jB activation, both in vitro and in vivo
[86]. Similarly, an emodin azide methyl anthraquinone derivative
(AMAD) induced apoptosis via mitochondrial pathway involving
caspase-8 activation in both human breast cancer cell line MDA-
MB-453 and human lung adenocarcinoma Calu-3 cells [85]. Liu
et al. [87] reported that emodin induced apoptosis in human
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pancreatic cancer cell line Panc-1 by declining the mitochondrial
membrane potential (MMP) in a dose- and time-dependent
manner.

3.4. Effect of emodin on the PI3K/AKT/mTOR pathway and other
oncogenic molecular targets

Improper regulation of PI3K/AKT pathways has been reported in
many human cancers [88]. Zheng et al. [71] found that emodin sig-
nificantly down-regulated expression of AKT, p-AKT, IjB-a, p-IjB-
a, p65, p-p65, mTOR and p-mTOR in AKT signaling pathway, there-
by promoting apoptosis in HL-60 cells. It has been illustrated in
many cancer cells that emodin down-regulated phosphoinositide
3-kinase (PI3K)/AKT pathway and thereby induced apoptosis
[89–91]. Similarly, Yan et al. showed that in Her2/neu-over-
expressing cancer cells, treatment with emodin inhibited MAPK
and PI3K/AKT-dependent pathway and thus inhibited cell growth
and induced apoptosis. It was shown for the first time that emodin
treatment led to blockade of Her2/neu binding to Hsp90, intracel-
lular redistribution, enhanced ubiquitinylation and thus proteaso-
mal degradation of Her2/neu, which may represent a novel
approach for the targeted therapy of Her2/neu-overexpressing can-
cers [92]. Kim et al. reported the anti-invasive effects of emodin as
evidenced by the fact that it efficiently suppressed hyaluronic acid
(HA)-induced MMP secretion of glioma by inhibiting phosphoryla-
tion of focal adhesion kinase (FAK), extracellular regulated protein
kinase (ERK1/2) and AKT/PKB activation. It also inhibited AP-1 and
NF-jB expression both in vitro and in vivo [46].

Topoisomerase II is an enzyme involved in many cellular pro-
cesses such as DNA replication, recombination and transcription
[93]. A number of reports have suggested that genotoxicity of emo-
din may be mediated by Topo II [94–96]. Li et al. studied the
molecular mechanism by which emodin facilitated its inhibition
of Topo II. Emodin stabilized Topo II-DNA cleavage complexes
and inhibited ATP hydrolysis of Topo II. Both the events led to
induction of double stranded breaks in DNA and thereby damaged
DNA [97]. The cytochrome P450-dependent mono-oxygenase sys-
tem is involved in the metabolism of a wide variety of xenobiotics,
such as drugs, carcinogens, and many other toxic chemicals. Wang
et al. [98] studies showed that emodin is an inducer of P450s 1A1
and 1B1 protein and mRNA in human lung adenocarcinoma CL5
cells. In human NIH-H460 lung cancer cells and SMMC-7721 liver
cancer cells emodin induced apoptosis and inhibited retinoid X
receptor transcriptional activity in a dose-dependent manner
[99]. Radha et al. [100] was the first to show that emodin effec-
tively enhances the fibrinolysis and wound healing by up-regulat-
ing urokinase plasminogen activator (uPA) system and
plasminogen activator inhibitor (PAI-1) expressions in human
fibroblast cells. Overall, these findings clearly establish the enor-
mous potential of emodin to target multiple signal transduction
cascades in diverse tumor cell lines.

3.5. Anti-angiogenic and anti-metastatic effects of emodin

Angiogenesis is a crutial step in tumor progression. This step is
controlled by various angiogenic factors such as TGF-a, VEGF,
fibroblast growth factor. Kwak et al. demonstrated that emodin
inhibited VEGF-A-induced proliferation, migration, invasion and
tube formation of HUVECs in vitro. Moreover, emodin also blocks
basic fibroblast growth factor-induced proliferation and migration
of HUVECs and VEGF-A-induced tube formation of human dermal
microvascular endothelial cells. Emodin arrested growth of VEGF-
A-stimulated HUVECs at the G0/G1 phase of cell cycle through
down-regulation of cyclin D1 and E. KDR/Flk-1 plays an important
role in proliferation, migration and differentiation of endothelial
cells in response to VEGF-A. Emodin blocked VEGF-A-induced tyro-
sine phosphorylation of KDR/Flk-1 and downstream signaling mol-
ecules including FAK, ERK1/2, p38 MAPK, AKT, and endothelial
nitric oxide synthase, thereby showing its potential anti-angio-
genic effects [101]. In another experiment, emodin was shown to
inhibit the proliferation of primary cultured bovine aortic endothe-
lial cells in the absence or presence of basic-fibroblast growth fac-
tor (bFGF) or the presence of vascular endothelial growth factor
(VEGF) in a dose-dependent manner. Additionally, emodin could
also cause cell cycle arrest at G2/M phase and down-regulated cy-
clin B1, P34cdc2, and Bcl-2 protein expression while keeping Bax
protein expression unaffected [102]. Overexpression of p53 re-
duced VEGF production. Emodin induced p53-dependent apopto-
sis. Its effects on constitutive photomorphogenesis signalosome-
associated kinases and (CSN)-associated kinases and also on c-
jun suggest that it might reduce VEGF production in tumor cells,
thus showing its potential anti-angiogenic effects [103].

Inhibition of MMPs has been explored as a therapeutic goal for
almost two decades as they are involved in degradation of extra-
cellular matrix and control tumor invasion and metastasis (41).
Lin et al. [104] for the first time demonstrated that emodin sup-
pressed tumor angiogenesis in vitro and in implanted pancreatic
cancer tissues by inhibiting the expression of angiogenesis-associ-
ated factors such as NF-jB and its regulated factors VEGF, MMP-2,
MMP-9, and eNOS. Recent studies probing the anti-angiogenic po-
tential of emodin revealed that emodin suppressed phosphoryla-
tion of extracellular signal-regulated kinase ERK ½ and
expression of matrix metalloproteinase-9 (MMP-9) [105]. Emodin
also suppressed the NO-mediated up-regulation of MMP2 and
MMP9 in the colon cancer cell line, WiDr. By reducing ECM degra-
dation, these proteins promote tumor angiogenesis and metastasis
[106]. It has been shown that emodin inhibited the invasiveness of
human cancer cells by suppressing MMP9 expression and inhibit-
ing AP-1 and NF-jB signaling pathways. Similarly, Lee et al. [107]
also showed that emodin suppresses TNF-a induced MMP-1
expression through the inhibition of the AP-1 signaling pathway.

In addition to MMPs, CXCR4 and CXCR12 are found to be in-
volved in inhibition of tumor cell proliferation, invasion, and
metastasis [108]. It was shown by Ok et al. for the first time that
emodin can down-regulate CXCR4 and HER2 expression in both
prostate DU145 and lung A549 tumor cells and this could be med-
iated by suppression of p65 nuclear translocation. A similar study
showed that emodin can significantly inhibit CXCL12-induced cel-
lular migration and invasion of the tumor cells [109]. Lu et al. sug-
gested that emodin inhibited migration and invasion of SH-SY5Y
cells by selectively targeting the NF-jB pathway that leads to the
down-regulation of MMP2, MMP7 and MMP9 pathways in vitro.
Furthermore, emodin inhibited the metastasis and angiogenesis
signaling proteins GRB2, RhoA, HIF-1a, VEGF, FAK, iNOS, COX2,
p-p38, p-c-jun levels, but promoted the levels of PKC, PI3K, and
NF-jB p65 [110]. Emodin has been reported to inhibit phosphatase
of regenerating liver-3 (PRL-3), and cell proliferation in SGC-7901
human gastric carcinoma cell line. In another study DLD-1 (PRL3)
colon tumor cells, emodin has been shown to inhibit cell migration
and invasion [40,111]. The in vitro anti-cancer effects of emodin in
various cancer cell lines are summarized in Table 2.
4. In vivo anti-cancer effects of emodin

A number of studies have also been performed to investigate
the potential in vivo anticancer effects of emodin in diverse tumor
models. Singh et al., (2011) have reported that treatment of emo-
din induced apoptosis of Dalton’s lymphoma (DL) in vivo as shown
by a decrease in the number of viable cells, and in Bcl2/Bax ratio,
and subsequent release of mitochondrial cytochrome c. Moreover,
it was found that the Cu–Zn-superoxide dismutases (SOD1) and



Table 2
In vitro anti-cancer activities of emodin.

Cell lines Mechanism(s) of action Refs.

1. Human myeloid leukemia HL-60; jurkat cells Down-regulates AKT pathway; Induces apoptosis [71]
Decreases Bcl-2, and procaspase-3, -8 and -9 expressions; increases caspase-3 and PARP
expressions; induces apoptosis

[74]

Inhibits IL-6-induced JAK2/STAT3 pathway; induces apoptosis [6]

2. Lung cancer H1703 or A549 cells; CH27; Human NIH-H460
lung cancer cells and SMMC-7721 liver cancer cells

Increases mitomycin C induced cytotoxicity via ERK1/2 inactivation and Rad51 down-
regulation

[53]

Induces apoptosis by Bax and Fas pathway [79]
Inhibits retinoid X receptor transcription activity; induces apoptosis [99]

3. Breast cancer cell MDA-MB-435; MCF-7/Adr cells; HSC5
and MDA-MB-231

Suppresses HER-2/neu tyrosine kinase activity; suppresses proliferation; represses
transformation and metastasis

[49][51]

Down-regulates ERCC1 protein expression; reverses MDR effect, Inhibits NF-jB pathway [57][62]

4. Human non-small cell lung cancer(NSCLC) cells Down-regulates ERCC1; ERK1/2 signaling pathway [54]
Induces cytotoxicity by down-regulating the expression of Rad51 and ERCC1with or without
capecitabine

[47][55]

5.Esophagus cancer EC/CUHK1 cells; EC-109 Increases the ROS production; exhibits cytotoxic effects [56]
Decreases intracellular pH; generates ROS; induces apoptosis [84]

6. Prostate cancer DU-145 cells; DU145 and lung tumor cells
A549 cells; LNCap

Co-treatment with cisplatin elevates the production of ROS and chemosensitivity; down-
regulates MDR1 gene, suppress HIF-1a expression

[58]

Inhibits CXCL12; down-regulates CXCR4 and HER2 expression [109]
Targets AR [61]

7. Ovarian cancer A2780/taxol cells Inhibits tumor growth; increases sensitivity of tumor cells to paclitaxel by down-regulating
Pgp, XIAP and survivin

[59]

8. Pancreatic cancer cells; SW1990 Inhibits NF-jB and its regulated factors, VEGF, MMP-2, MMP-9, and eNOS [104]
Inhibits proliferation; suppresses NF-jB, survivin and MMP-9 proteins [41]

9. Colon cancer cells WiDr; DLD-1, and SGC-7901 human
gastric carcinoma cell line

Suppresses the NO-mediated up-regulation of MMP-2 and MMP-9 [106]
Inhibits PRL-3 gene; inhibits cell proliferation [40]

10. Human neuroblastoma cancer SH-SY5Y cells Inhibits of migration and invasion; inhibits the levels of GRB2, RhoA, HIF-1a, VEGF, FAK,
iNOS, COX2, p-p38, p-c-jun, MMP2, MMP9 and MMP7 but promotes the levels of PKC, PI3K,
MEKK3 and NF-jB(p65)

[110]

11. Huh7, Hep3B, and HepG2 cells; Hep3B and HeLa cells,
HepG2; HepG2; HeLa

Reduces NF-jB/p65 protein level, Bcl-2expression; increases p53, activates caspase-8 and -9 [69]
Inhibits CK2, (FasL)/Fas, (TNF)/TNF receptor and (TRAIL)/TRAIL receptor expression, induces
apoptosis

[81][83]

Generates ROS, activates caspase-9 and caspase-3. Promotes arsenic induced apoptosis;
production of ROS; inhibits NF-jB activation

[86]

12. Microglia; Glioma Inhibits TRB3; induces apoptosis [85]
Inhibits FAK, ERK1/2, activates AKT/PKB, inhibits AP-1 and NF-jB transcription factors [46]
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Mn-SOD (SOD2), which produce H2O2, were overexpressed in the
DL cells. Enzymes such as catalase and glutathione peroxidase de-
grade the H2O2. With overproduction of H2O2, concentration of
both these enzymes decreases considerably, indicating that emo-
din induces apoptosis via the mitochondrial pathway [112]. Chang
et al. [113] showed that treatment with emodin can enhance phag-
ocytic activity by monocytes and macrophages in the WEHI-3 leu-
kemia murine model and also reduce liver and spleen weights. The
potential of emodin to inhibit proliferation of K562 cell growth
in vivo was shown by concomitant decrease in tumor volume
and weight of xenografted tumor in nude mice. Moreover, emodin
could also induce apoptosis by mitochondria-dependent activation
of caspase-3 and -9 and by up-regulating expression of Bax protein
and down-regulating Bcl-2 protein expression [114]. Liu et al. [87]
showed that emodin, given i.p. to orthotopically implanted nude
mice at doses of 0, 10, 20, 40, 80 mg/kg, 5 times every 3 days, in-
duced the pancreatic cancer cell apoptosis via declining the mito-
chondrial membrane potential in a dose-dependent manner.

Emodin also exerts a potent anti-angiogenic effect in vivo, as
verified from its inhibition of VEGF-A-induced neovascularization
of matrigel plug implanted in mice and naturally induced neovas-
cularization of capillary vessel formation of chick chorioallantoic
membrane (CAM) [101]. Zhang et al. [115] showed that emodin
functions as tyrosine kinase inhibitor. Emodin, together with taxol,
synergistically inhibited tumor growth by 70% and prolonged sur-
vival by supressing tyrosine phosphorylation of p185neu in athy-
mic mice bearing s.c. xenografts of human tumor cells. In
LS10345 xenograft models, 40 mg/kg of emodin given i.p. once
every 3 days, resulted in 46% inhibition of tumor growth [67].

Our group also recently analyzed the ability of emodin to affect
CXCR4 expression as well as function in HCC orthotopic HCC
mouse model. We observed that emodin downregulated the
expression of CXCR4 in a dose-and time-dependent manner in
HCC cells. Treatment with pharmacological proteasome and lyso-
somal inhibitors did not have substantial effect on emodin-induced
decrease in CXCR4 expression. When investigated for the molecu-
lar mechanism(s), it was observed that the suppression of CXCR4
expression was due to downregulation of mRNA expression, inhibi-
tion of NF-jB activation, and abrogation of chromatin immunopre-
cipitation activity. Inhibition of CXCR4 expression by emodin
further correlated with the suppression of CXCL12-induced migra-
tion and invasion in HCC cell lines. In addition, emodin treatment
significantly suppressed metastasis to the lungs in an orthotopic
HCC mice model and CXCR4 expression in tumor tissues. Overall,
our data also indicates that emodin exerts its anti-metastatic effect
through the downregulation of CXCR4 expression and thus has the
potential for the treatment of HCC [116].

In a subcutaneous xenograft pancreatic cancer, emodin aug-
mented the therapeutic effect of gemcitabine. Interestingly, emo-
din also down-regulated the expression of survivin and b-catenin
and decreases the translocation of b-catenin into nucleus [117].
In another study, Guo et al. [78] showed that in the PANC-1 pancre-
atic cancer xenograft model, co-treatment with emodin and gem-
citabine resulted in significant reduction in tumor volumes,



Table 3
In vivo anti-cancer effects of emodin.

Cancer models Mechanism(s) of action Dose and route of administration Refs.

1. Dalton’s lymphoma Decrease in Bcl2/Bax ratio; induces apoptosis 40 mg/kg/day i.p. [112]
2. WEHI-3 leukemia murine model Enhances phagocytic activity 5, 10 mg/kg i.p. for 2 weeks [113]
3. K562 xenografted tumor Decreases tumor volume and weight; induces apoptosis 25, 50, 100 mg/kg i.p. for 12 days [114]
4. Pancreatic cancer panc-1 nude mice

orthotopically implanted
Induces apoptosis via decline in mitochondrial membrane potential 10, 20, 40, 80 lmol/l, 5 times in every

3 days i.p.
[87]

5. LS10345 tumor xenografts mice
models

Decreases tumor weight and volume 40 mg/kg i.p. once every 3 days [67]

6. Pancreatic cancer Bxpc-3 xenografts Augments therapeutic effect of gemcitabine; down-regulates the expression of
survivin and b-catenin

40 mg/kg twice per week for 2 weeks [117]

7. Pancreatic cancer SW1990
metastatic model

Downregulates NF-jB, survivin and MMP-9 expression; Inhibits tumor growth
and weight

20, 40 mg/kg intragastric incubation.
two weeks, thrice per week

[41]

8. EC/CUHK xenografts in nude With or without Arsenic; downregulates NF-jB expression, induces
mitochondria dependent apoptosis, decreases tumor weight and size

20,30 mg/kg/day i.p. [56]

9. Pancreatic cancer xenograft tumor
model SW1990 cells

Emodin and gemcitabine efficiently suppress tumor growth; Inhibits AKT and
NF-jB pathways, induces apoptosis

40 mg/kg emodin i.p. [119]

10. BT-474 and MDA-MB-361 cells Inhibits tumor growth and transformation and prolonged survival 40 mg/kg i.p. injection twice a week
for 8 weeks

[115]

11. Two-stage carcinogenesis test of
mouse skin tumors

Decreases papilloma numbers numbers 0.0025% emodin in drinking water [118]

12. PC3-AR xenografts in nude mice Decreases tumor volume; Prolongs survival rate 40 mg/kg/d emodin, i.p. [71]
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down-regulation of survivin, XIAP and NF-jB. Emodin exerted
anti-proliferative and anti-metastatic activity on pancreatic cancer
in vivo by down-regulation of NF-jB, survivin and MMP-9 expres-
sion [41]. The combination of emodin and arsenic promoted the
major apoptotic signaling events, i.e., the collapse of the mitochon-
drial transmembrane potential, the release of cytochrome c, and
the activation of caspases-9 and -3. It suppressed the activation
of transcription factor NF-jB and survivin [56]. It was also shown
that emodin exhibited potent inhibitory activity in the two-stage
carcinogenesis test of mouse skin tumors induced by nitric oxide
donor, (±)-(E)-methyl-2-[(E)-hydroxyimino]-5-nitro-6-methoxy-3
hexeneamide as an initiator and 12-O-tetradecanoylphorbol-13-
acetate as a promoter [118]. Wei et al. demonstrated that co-treat-
ment of emodin and gemcitabine inhibited pancreatic adenocarci-
noma tumor growth. This combination suppressed AKT and NF-jB
pathways and thereby promoted the mitochondrial dependent
apoptotic pathway in vivo [119]. The anticancer effects of emodin
in various in vivo models, including its dosing regimen in each
study, are summarized in Table 3.
5. Perspectives and conclusions

Overall, this review summarizes the evidence which indicates
that emodin can modulate a diverse array of molecular targets
and thus has a great potential to be used as a therapeutic agent
for a variety of inflammatory conditions and cancer. Emodin
strongly inhibits several kinases, such as Her-2/neu, CKII, and
PKC. It also affects NF-jB, STAT3, AKT, MMPs and Bax/Bcl-2 signal-
ing pathways. Moreover, emodin in conjunction with various che-
motherapeutic agents and targeted therapies has been found to be
effective in the elimination/retardation of growth of tumor cells.
Also, the evidence provided strongly supports the ability of emodin
to inhibit diverse events involved in tumor initiation, progression
and metastasis and clearly vindicates its traditional use since an-
cient times in the treatment of inflammatory diseases/cancers. No-
vel molecular targets of emodin identified in last few years have
begun to reveal additional therapeutic uses of this drug. However,
only limited data related to the bioavailability, pharmacokinetics,
and metabolism of emodin is available till now. Whether emodin
affects the metabolism of other pharmacological drugs needs to
be evaluated before it can be safely used in combination with other
drugs. Hence more work needs to be done to fully translate the ob-
served preclinical findings with this important natural agent in
well designed human clinical trials.
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