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Abstract: Curcumin, the natural yellow-colored active principle, also called turmeric yellow, extracted from the peren-
nial herb Curcuma longa L., has potent biological and pharmacological properties such as antioxidant, anti-inflammatory,
antifungal, antibacterial, anti-ischemic, antitumor, and anticancer actions. The molecular mechanism of the hepatopro-
tective action of curcumin is due to its antioxidant properties and inhibitory activity against nuclear factor (NF)-κB that
regulates different proinflammatory and profibrotic cytokines. Overall, scientific reports demonstrate that curcumin has
high therapeutic ability for treating hepatic disorders. Here is a systematic discussion of the hepatoprotective activity of
curcumin and its possible mechanisms of actions.
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Introduction
The liver is a multifunctional vital organ with the primary role

in maintenance of body homeostasis. Among the various liver
functions are plasma protein synthesis (Tacke and others 2009),
production of hormones, processing dead red blood cells, detoxi-
fication (Zhao and others 2009; Yu and others 2011), and glucose
and lipid metabolism (Liu and others 2012a). The crucial role of
liver in maintaining human health status means that liver diseases
can severely affect health status and threaten human life (Åberg
and others 2009). Generally, hepatocellular carcinoma (HC, liver
cancer), hepatitis, cirrhosis, and fatty liver are the most common
types of liver diseases (Bellentani and others 2005). Among these
diseases, liver cancer and hepatitis are the most prevalent and seri-
ous global public health problems (Sun and Karin 2008). Hepatitis
or liver inflammation is caused by one of the hepatitis viruses
(A, B, C, D, and E) (Hu 2008; Sun and Karin 2008). The World
Health Organization (WHO) estimates that about one-third of
the world’s population is infected with hepatitis B virus (HBV)
during a lifetime, while about 17.5% remain chronically infected.
According to WHO statistics, an estimated 5% of all humans in the
world are HBV carriers and a quarter of those would develop se-
rious liver diseases such as chronic hepatitis, cirrhosis, and primary
HC. It is now known that HBV infection accounts for more than
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1 million deaths every year (Verhoef and others 2002; Lavanchy
2005; Perz and others 2006; Farinati and others 2007; Sun and
Karin 2008).

Liver cancer (which consists mainly of HC, a malignant hep-
atoma) is the 5th most common cancer in men and the 7th in
women (Chuan-Xing and others 2011). It also represents the 3rd
cause of cancer-related deaths in the world (Vara and others 2011).
According to WHO statistics, the incidence rate of HC in men
is about 9 times higher than that of women, and the disease is
more prevalent in one-third of all the countries than in the rest
(Alsohaibani and others 2011).

Nonalcoholic fatty liver disease is another very common type
of liver disease; its prevalence is more than 70% than that of type
II diabetics, over 50% in obese people and nearly 100% in pa-
tients with both conditions (Morisco and others 2008). The heavy
consumption of alcohol, which leads to alcoholic fatty liver dis-
ease and different types of cancer, is one of the most common
preventable causes of death in the world (Stokkeland and others
2010).

Numerous medical studies have demonstrated the important
role of nuclear factor-kappaB (NF-kB) signaling pathways (Sun
and Karin 2008; Lee and others 2010b) and oxidative stress
(Caraglia and others 2011; Tanaka and others 2013) in the patho-
genesis of liver diseases and have proved the ameliorative role of
dietary antioxidants (Bishayee and others 2010; Nabavi and others
2012c).

Curcumin is a bright yellow-colored phenolic compound that
was initially isolated from Curcuma longa L. (turmeric) rhizomes in
1815 (Gupta and others 2013). The genus Curcuma is a member
of Zingiberaceae family, growing in India, Southeast Asia, and
other tropical areas (Martin and others 2012).

The yellow color of turmeric, with its principal component
curcumin, has a long history in traditional medicine and as a food
ingredient (Benzie and Wachtel-Galor 2011; Martin and others
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Figure 1–Chemical structure of curcumin and 3 common analogs.

2012). Three different analogs of curcumin have been isolated from
C. longa L. rhizome, diferuloylmethane, demethoxycurcumin, and
bisdemethoxycurcumin (Figure 1).

Current commercial curcumin preparations consist of difer-
uloylmethane (77%), demethoxycurcumin (18%), and bis-
demethoxycurcumin (5%) that are all hydrophobic substances and
usually dissolved in dimethylsulfoxide, organic solvents, or oils
(Shehzad and Lee 2010). The curcumin UV-Vis absorption spec-
trum shows an absorption maximum approximately at λ = 420
nm (Priyadarsini 2009). In acidic solution, the color of curcumin
changes from yellow to deep red (Lin and Lin-Shiau 2009).

Nowadays, many attentions have been paid to clinical utiliza-
tion of curcumin (Hatcher and others 2008). More than 84 clinical
studies, including randomized blind placebo-controlled, nonran-
domized phase II/III trials, and so on (www.ClinicalTrials.gov),
are investigating the effects of curcumin on human disorders
(for example, mild cognitive impairment, asthma, Alzheimer’s
disease, dermatitis, adenomatous polyposis, multiple myeloma,
type 1 and 2 diabetes, schizophrenia, irritable bowel syndrome,
prostate cancer, pancreatic cancer, colorectal cancer, head and
neck cancer, glioblastoma, myelodysplastic syndrome, knee os-
teoarthritis, rheumatoid arthritis, major depressive disorder, bipo-
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Figure 2–Chemical structures of curcumin metabolic products following
oral administration.

lar disorder, ulcerative colitis, osteosarcoma, Leber’s heredi-
tary optic neuropathy, chronic obstructive pulmonary disease,
chemotherapy-induced mucositis, abdominal aortic aneurysm,
proteinuric chronic kidney disease, nonsmall cell lung cancer,
aberrant crypt foci in the human colon, kidney allografts, hyper-
prolactinoma, oral lichen planus, diabetes Crohn’s disease, chronic
psoriasis vulgaris, fibromyalgia, and cystic fibrosis) when given
alone or conjunction with other drugs or nutriceuticals. Early
studies evaluated safety and pharmacokinetics of curcumin in nor-
mal and/or patient population. While other studies evaluate ef-
ficacy of curcumin associated with aforementioned aspects (Goel
and others 2008).

Following oral administration, curcumin is known to be
metabolically converted to curcumin sulfate and curcumin glu-
curonide (Basnet and Skalko-Basnet 2011) (Figure 2), while
intraperitoneal administration leads to the formation of hex-
ahydrocurcuminol, hexahydrocurcumin, and tetrahydrocurcumin
(Marczylo and others 2009) (Figure 3).

Chemistry
The chemical structure of curcumin (1, 7-bis [4-hydroxy-3-

methoxyphenyl]-1,6-heptadiene-3,5-dione, Figure 1) reveals its
various functional groups. The 2 aromatic phenol rings (rings
A and B) are connected by 2 sets of α, β-unsaturated carbonyl
groups (Pullakhandam and others 2009) that are a good Michael
acceptor and can react with glutathione and other nucleophiles
(Scapagnini and others 2011). The 2 aryl methoxyl groups at
the ortho position, the hydroxyl moiety as well as the conjugated
β-diketone moieties of curcumin, which are conjugated, are other
important structural features (Nabavi and others 2012a) (Figure 1).

The different methoxy substitutions in the chemical structure
of diferuloylmethane, demethoxycurcumin, and bisdemethoxy-
curcumin (Figure 1) are responsible for a range of differential
biological and pharmacological activities of these compounds
(Anand and others 2008). There are, however, negligible system-
atic studies showing the correlation between the physicochemi-
cal and molecular characteristics of these compounds with their
biological and/or pharmacological activities. Some scientific re-
ports have demonstrated that diferuloylmethane displays better
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antioxidant activity than demethoxycurcumin and bisdemethoxy-
curcumin (Somparn and others 2007), while other reports have
shown demethoxycurcumin to have better antioxidant effect than
bisdemethoxycurcumin (Somparn and others 2007; Anand and
others 2008). These observations suggest that the o-methoxy
substitutions (OMe) are responsible for the differential antiox-
idant activities of diferuloylmethane, demethoxycurcumin, and
bisdemethoxycurcumin (Singh and others 2011). It has also been
suggested that hydrogen-bonding interaction between the phenol
rings (hydroxyy and o-methoxy groups) in diferuloylmethane sig-
nificantly affects the energy of O–H bond and hydrogen-donating
potential, leading to better antioxidant action (Anand and others
2008). Transition metal chelation property is known as another an-
tioxidant mechanism of curcumin, which is attributed to the dike-
tone and the o-methoxy phenol moieties (Anand and others 2008).

The heme oxygenase-1 and NF-kB suppression by diferuloyl-
methane, demethoxycurcumin, and bisdemethoxycurcumin has
been suggested to be attributed to α,β-unsaturated diketone struc-
tural moieties, which can act as a Michael reaction acceptor (Jeong
and others 2009; Rajasekaran 2011).

Tetrahydrocurcumin is also known to be produced after in-
traperitoneal administration of curcumin through hydrogenation
of the heptadiene moiety. When compared with curcumin, this
metabolite displays a significantly higher antioxidant activity and
reduced antitumor and anti-inflammatory abilities (Somparn and
others 2007; Itokawa and others 2008; Teiten and others 2010).

It is further reported that when the o-methoxy phenol groups
do not occur in conjugation with the β-diketone moiety, as in the

case of tetrahydrocurcumin, the antioxidant activity is significantly
increased (Anand and others 2008). This reaction leads to oxidative
cleavage of the C-C bond at the active methylene carbon of the
β-diketone moiety, leading to smaller o-methoxy phenol deriva-
tives with better antioxidant potential (Leu and Maa 2002). Other
reports also suggest that the α, β-unsaturated diketone moiety, in
conjugation with phenolic rings, has a crucial role in NF-kB ac-
tivity and ROS-generating activity of curcuminoids (Sandur and
others 2007).

Molecular Targets
Curcumin is able to bind and inhibit various enzymes, met-

als, proteins such as albumin, growth factor receptors, and
other important biomolecules (Goel and others 2008). Curcumin
also demonstrates anti-inflammatory action and inhibitory effects
against reactive oxygen-generating enzymes such as xanthine de-
hydrogenase/oxidase, lipoxygenase/cyclooxygenase, and inducible
nitric oxide synthase (Lin 2007). Potent heme oxygenase-1-
inducing (Chen and others 2012) and potent protein kinase C
(PKC) (Watson and others 2010), EGF-receptor tyrosine kinase
(Aggarwal and Sung 2009), and IκB kinase β (IKKβ) kinase in-
hibitory actions (Kim and others 2011) of curcumin have also been
previously reported for curcumin. Furthermore, potent inhibitory
activities of curcumin on NF-kB activation and expressions of
some oncogenes such as Akt, CDKs, NIK, MAPKs, ERK, ELK,
PI3K, c-jun, c-fos, c-myc, and inducible nitric oxide synthase
have been reported (Das and others 2010). It is well known that
the major upstream molecular targets of curcumin are EGFR ty-
rosine kinase, PKC, and mTOR, while downstream molecular
targets include CDKs, FAS, c-jun, c-fos, c-myc, and inducible
nitric oxide synthase (Lin 2007). In the target cells, curcumin
suppresses tumor development by blocking some key signal trans-
duction pathways (Shehzad and others 2010). Compounds like
trifluoroacetic acid (oxidant tumor promoter) are known to acti-
vate PKC through reaction with zinc thiolates of the regulatory
domain (Lin 2007). Likewise, the oxidized form of curcumin in-
duces oxidation to vicinal thiols in the catalytic domain leading to
activation of PKC (Das and others 2010). Recently, it has also been
reported that ubiquitin proteasome-mediated degradation plays a
crucial role in some cellular regulatory processes such as cell cycle,
differentiation, proliferation, and apoptosis (Adams 2004). More-
over, curcumin induces apoptosis in cells via ubiquitin-proteasome
pathway impairment and blocking the loss of misfolded N-CoR
protein (Ng and others 2011).

Source and Bioavailability
C. longa, the main source of curcumin, is a short-stemmed rhi-

zomatous perennial plant of the Zingiberaceae family (Figure 4)
(Hayakawa and others 2011). The plant is widely cultivated in
different countries of Asia such as India and China (Hayakawa
and others 2011). In traditional medicine, C. longa has been used
for mitigation of rheumatism and inflammatory and ulcerative
diseases (Nabavi and others 2012b). The bright orange-colored
rhizome of C. longa is commonly used as a spice in Asian and
many other countries (Chaturvedi 2009). The main coloring con-
stituent of the C. longa rhizome, “curcumin,” has been isolated and
its chemical structure determined in 1910 (Agrawal and Mishra
2009).

The poor bioavailability of curcumin limits the translation into
clinically relevant strategies (Bar-Sela and others 2010). Low ab-
sorption, rapid metabolism, and quick elimination are known
as the main complications that limit its bioavailability and have
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Figure 4–C. longa; the main source of curcumin.

prompted the researchers to investigate not only the biofunctional
and therapeutic properties in clinical studies, but also to develop
new delivery systems (Bar-Sela and others 2010; Mythri and others
2012). Curcumin is poorly dissolved in water (Kakran and others
2012). Furthermore, UV light can degrade curcumin solution and
therefore photochemical degradation is another limitation of its
uses (Priyadarsini 2009). There are several methods for increas-
ing its bioavailability, such as using adjuvants such as piperine,
nanoparticles, liposomal curcumin, complexes of curcumin with
phospholipids, and structural analog of curcumin (Mohanty and
Sahoo 2010; Yadav and others 2012).

Safety
The FAO and WHO Expert Committee on Food Additives in

1996 reported that the acceptable daily intake (ADI) of curcumin
is up to 3 mg/kg body weight. It is well known that curcumin is a

natural product with a long history of consumption in the human
diet, but there appear to be few scientific studies on its toxicity
to both animals and humans, especially at high doses (Rivera-
Espinoza and Muriel 2009). Previous studies showed that high
concentration of curcumin causes chromosome aberrations, as-
trocyte cell death, teratogenic effect, embryo-, and reproductive
toxicities (Ganiger and others 2007; Wu and others 2007; Burgos-
Morón and others 2010; Romero-Hernández and others 2013).
Rasyid and Lelo (1999) found that curcumin should not recom-
mend for gallstones patients inasmuch as it induces contraction of
human gallbladder.

In 2010, the European Food Safety Authority (EFSA) con-
cluded that the literature data support an ADI of 3 mg/kg bw/day
(EFSA Panel on Food Additives and Nutrient Sources Added to
Food 2010). More systematic toxicity studies are needed to fully
address the safety of curcumin (Rivera-Espinoza and Muriel 2009).
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Biological and Pharmacological Actions
Several reports have documented the potent antioxidant ca-

pacity of curcumin whereby mitigation of lipid peroxidation and
oxidative stress in several tissues were demonstrated (Nabavi and
others 2011a, 2012b). These protective actions are due to the cur-
cumin ability to modify antioxidant enzymes such as superoxide
dismutase, catalase, and glutathione peroxidase (Nabavi and others
2011a, 2012b). In this context, curcumin has been shown to be
more active than vitamin E (Shishodia and others 2006). Cur-
cumin is also known as a Michael acceptor that reacts with the
thiol group of glutathione and thioredoxin 1 (Adams and others
2005). It is well known that the phenolic hydroxyl groups play an
important role in the antioxidant activity of curcumin (Feng and
Liu 2009). The role of the β-diketone moiety in the antioxidant
action of curcumin has also been reported in studies regarding
dimethyltetrahydrocurcumin (Anand and others 2008). Further-
more, it has been reported that the ortho alkoxy group plays a
significant role in the antioxidant activity of curcumin (Amorati
and others 2009). Under in vivo conditions, the position of the
hydroxyl group having a crucial role in the improvement of an-
tioxidant activity of curcuminoids (Somparn and others 2007). As
evidenced from tetrahydrocurcumin, a reduction of the C-C of
the C7 linker apparently does not have any effect on antioxidant
activity (Rajasekaran 2011).

The anti-inflammatory effect of curcumin is partly mediated
through inhibition of IkB kinase activity leading to suppression
of NF-kB activation. It has been shown that the saturation of the
alkene and the decrease of carbonyl functions lead to diminish the
anti-inflammatory effect (Pan and others 2000; Anand and others
2008). According to Nurfina and others (1997), the presence of
a 4-hydroxyphenyl moiety is necessary for the anti-inflammatory
activity of curcumin. They also found that the anti-inflammatory
effect could be enhanced if additional alkyl or alkoxy groups oc-
cur at the 3- and 5-positions on the phenyl ring (Hong and oth-
ers 2004). It has also been shown that acylation and alkylation
of the phenolic hydroxyl group of curcumin severely reduce its
anti-inflammatory activity (Anand and others 2008). Hong and
others (2004) further demonstrated that the presence of pheno-
lic hydroxy groups is necessary for the COX-1 inhibitory effect
of curcumin. To date, several scientific reports have documented
the anticancer effects of curcumin in various experimental models
(Duvoix and others 2005; Johnson and Mukhtar 2007; Wilken and
others 2011; Yan and others 2012). These effects include blocking
of cell transformation (Bakhshi and others 2008), tumor promo-
tion (Dance-Barnes and others 2009), tumor initiation (Huang
and others 1992), angiogenesis (Kunnumakkara and others 2007),
invasion (Kim Im and others 2008), and metastasis (Kunnumakkara
and others 2008). Curcumin potential in suppressing carcinogen-
esis in the forestomach, colon, liver, and skin (Sethi and others
2009) has also been established. Moreover, the antiproliferative
effects of curcumin against different types of tumor cells, such as
colon carcinoma (Nautiyal and others 2010), B-cell and T-cell
leukemia (Angelo and Kurzrock 2009), epidermoid carcinoma
(Chan and others 2003), and several types of breast carcinoma
cells (Liu and others 2009) have been reported by various authors.
Structurally, the anticancer effect of curcumin is evident from its
classical Michael acceptors, which are associated with reduction
of intracellular glutathione (GSH) in human colon cancer cells
(Adams and others 2005; Anand and others 2008). The presence
of hydroxyphenyl groups further contributes to the chemoprotec-
tive action of curcumin, partly due to its ability in inducing phase
II detoxification enzymes (Pullakhandam and others 2009).

Curcumin has a potent effect against several types of viruses such
as human immunodeficiency virus-1 (Chai and others 2005), her-
pes simplex virus-1 (Kutluay and others 2008), hepatitis C virus
(Kim and others 2010), influenza virus (Chen and others 2010),
human papillomaviruses (Prusty and Das 2004), and so on. The
treatment with curcumin significantly prevents lung and kidney
injuries in different experimental models (Gunaydın and others
2012; Liu and others 2012b; Nabavi and others 2012a; Ueki and
others 2012). It has also been reported that consumption of cur-
cumin incurs a protective role against atherosclerosis (Shin and
others 2011) and myocardial infarction (Wang and others 2012),
an effect widely believed to be mediated through inhibition of pro-
liferation of vascular smooth muscle cells (Chen and Huang 2009)
and peripheral blood mononuclear cells (atherosclerosis) (Ahmed
and others 2011), low-density lipoprotein oxidation (Kang and
Chen 2009), oxidative stress in cardiac tissues (Nabavi and others
2011b), and platelet aggregation (myocardial infarction) (Shah and
others 1999).

The antirheumatic and antiarthritic effects of curcumin could
also be explained by its ability to modify COX2, tumor necrosis
factor alpha (TNF-α), and other proinflammatory protein tar-
gets (Khanna and others 2007). Curcumin has also been shown
to suppress allergic encephalomyelitis by blocking interleukin-12-
signaling in T cells (Natarajan and Bright 2002). In experimen-
tal models of Alzheimer’s disease, treatment with curcumin has
been shown to ameliorate oxidative stress (Lim and others 2001),
cognitive impairment (Baum and others 2008), and amyloid ac-
cumulation in the brain tissues (Yang and others 2005). Further-
more, treatment with curcumin significantly mitigates inflamma-
tory bowel disease (Holt and others 2005) and diarrhea (Conteas
and others 2009). It has also been reported that curcumin can
modify cystic fibrosis defects by preventing mutations in the trans-
membrane conductance regulator gene (Egan and others 2004).

The abilities of curcumin in the mitigation of several skin
diseases such as psoriasis (Kurd and others 2008), sclero-
derma (Thangapazham and others 2007), and skin carcinogenesis
(Limtrakul and others 1997) have previously been reported. Also,
it is well known that curcumin accelerates wound-healing via in-
hibition of NF-κB (Sidhu and others 2002). Quenching of free
radicals (Thangapazham and others 2007), inhibition of NF-κB
(Sidhu and others 2002), transforming growth factor (TGF)-β
(Pratsinis and others 2004), and mitogen-activated protein kinase
pathway (Chun and others 2003) have been shown to have an
important role for the skin protection effect of curcumin. Other
studies suggest that curcumin ability in modifying phase II detox-
ification enzymes has a crucial role in detoxification reactions and
oxidative stress (Anand and others 2008).

Curcumin improves life and health span via modulation of ex-
pression of different aging-related genes such as mth, thor, InR,
and JNK in Drosophila melanogaster (Lee and others 2010a). The
protective role of curcumin against chronic cerebral ischemia is
due to its ability in the modification of the protein levels of
UCP2, oxidative stress (Gao and others 2012), and expression
of α-synuclein (Yu and others 2012). Curcumin mitigates gastric
ulcer by stimulating angiogenesis and collagen fiber restitution and
modification of matrix metalloproteinase (MMP)-2, TGF-β, and
vascular endothelial growth factor (VEGF) expression (Sharma
and others 2012). In diabetes, administration of curcumin miti-
gates renal dysfunctions via inhibition of p300 and NF-κB (Pan
and others 2013). In alloxan-induced diabetic models, curcumin
has been shown to decrease blood sugar, hemoglobin, and glyco-
sylated hemoglobin levels (Arun and Nalini 2002). Furthermore,
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modification of plasma concentrations and abnormalities in the
excretion of albumin, creatinine, urea, and inorganic phospho-
rus have been reported for curcumin (Suresh Babu and Srinivasan
1995). The ability of curcumin in the mitigation of retinal ox-
idative stress and inflammation in diabetes has also been reported
(Kowluru and Kanwar 2007). Behavioral and biochemical studies
further showed that curcumin ameliorates diabetic encephalopathy
in experimental rats (Kuhad and Chopra 2007).

Liver Diseases
Hepatitis B

HBV is a small DNA member of the genus Orthohepadnavirus
(Hepadnaviridae family) (Glebe 2007). HBV causes liver infections
that lead to different hepatic disorders such as hepatitis, cirrhosis,
and HC (Jazayeri and others 2009; Liaw and Chu 2009). The
best clinical protocol for the management of hepatitis B viral in-
fection is through the use of nucleotide/nucleoside analog (Fung
and others 2011). These drugs suppress HBV via modification of
polymerase/reverse-transcriptase activity (Balsano and Alisi 2008).
It has been, however, reported that long-term treatment of poly-
merase inhibitors increases the risk of escape mutants emerging
(Zoulim 2004b). Therefore, the search for finding of a better
anti-HBV therapy has been intensified in recent years (Zoulim
2004a). During hepatitis B viral infection, the metabolic regulator
PGC-1α coactivates the transcription of HBV via the forkhead
transcription factor FOXO1 and the nuclear receptor HNF4α

(Ganem and Prince 2004; Quasdorff and others 2008; Quasdorff
and Protzer 2010). It has been reported that repression of PGC-
1α leads to downregulation of HBV expression under the fed and
starvation states (Shlomai and others 2006). Targeting PGC-1α

is therefore a viable strategy for anti-HBV therapy (Ganem and
Prince 2004). A recent report shows that curcumin downregu-
lates PGC-1α and significantly suppresses HBV gene expression
(Rechtman and others 2010). Furthermore, HBV has susceptible
potential to manipulations of crucial molecular metabolic path-
ways of the liver such as gluconeogenesis (Duclos-Vall and others
1998). It has been further suggested that the combination of cur-
cumin with nucleotide/nucleoside analog can synergistically sup-
press HBV replication and the risk of escape mutants emerging
may be prevented (Rechtman and others 2010).

Hepatitis C
The hepatitis C virus with positive-sense single-stranded 9.6 kb

RNA genome is a member of the Flaviviridae family (De Francesco
1999), which causes chronic hepatitis, fibrosis (Poynard and oth-
ers 1997), cirrhosis, and HC (Degos and others 2000). Current
estimates indicate that hepatitis C viral infection affects more than
170 million people all over the world (Alavian and others 2009).

It is well known that the combination of pegylated interferon-
α and ribavirin is the best method for treating hepatitis C viral
infection (Muir and others 2004). It has been reported, however,
that nearly one-half of infected patients do not show any positive
response to exogenous pegylated interferon-α (Mathew and others
2006). Therefore, studies for finding novel treatment protocols
with lower side effects and more efficacious anti-hepatitis C viral
infection are urgently needed.

A recent report shows that curcumin inhibits hepatitis C virus
replication by suppressing PI3K/Akt-SREBP-1 pathway (Kim and
others 2010). It can also be concluded that curcumin may decrease
the risk of hepatitis C virus-related HC through its protective role
against hepatitis C virus infection (Kubo and others 2002; Kim
and others 2010).

Alcoholic liver disease
According to the WHO, alcohol-related death and disability

accounted for nearly 4% of the total global burden of disease in the
year 2000. In the U.S.A., one of the most important preventable
causes of death is the excessive consumption of alcohol, which
is associated with multiple adverse health consequences, such as
acute and chronic liver damages and different types of cancers
(Mokdad and others 2004; Paula and others 2010; Chen and others
2011; Jemal and others 2012; Simard and others 2012). Hence,
a close correlation between alcohol consumption and alcoholic
liver disease has been established (Hart and others 2010). However,
liver cirrhosis occurred in few groups of heavy alcohol drinkers
and its incidence risk rises with increasing consumption over 30
g alcohol per day (Bellentani and others 1997; Lucey and others
2009). According to some statistical reports, the incidence rate
of cirrhosis is up to 5.7% in people consuming 120 g alcohol
daily (heavy alcohol drinkers)(Lucey and others 2009). Alcohol
consumption, just for a few days, leads to liver steatosis (commonly
called fatty liver) (Adachi and Brenner 2005; Suter and Tremblay
2005), which is defined as the status in which hepatocytes contain
macrovesicular droplets of triglycerides (Lucey and others 2009).
Fatty liver can be a temporary or a long-term condition, which is
not harmful itself but may induce some other disease conditions.
Left untreated, it can contribute to the development of hepatic
fibrosis (Jepsen and others 2009; Bataller and others 2011; Naveau
and others 2013) and cirrhosis. Obviously, this disorder can be
mitigated by alcohol avoidance (Lucey and others 2009).

The protective action of curcumin against experimental models
of alcoholic liver diseases has been reported previously (Nanji and
others 1999). It was shown that treatment with dietary curcumin
reduced fatty liver, necrosis, and inflammation. Curcumin is also
known to inhibit oxidative stress and lipid peroxidation, activation
of NF-kB, and the expression of TNF-α, IL-12, MCP-1, MIP-2,
COX-2, and iNOS (Nanji and others 1999). Animal studies have
further shown that curcumin decreases the ethanol-induced in-
crease in malondialdehyde, decreases the levels of lactate dehydro-
genase (LDH) and aspartate aminotransferase (AST), and increases
the GSH levels (Bao and others 2010). Although the protective
role of NF-kB activation modulator against alcoholic liver injury
has been documented previously (Nanji and others 2003), clinical
studies on the protective role of curcumin against alcohol-induced
liver injury are limited and therefore required for a comprehensive
assessment of curcumin’s overall therapeutic potential in this field.

Nonalcoholic fatty liver disease
Pathological studies have revealed that nonalcoholic fatty liver

diseases were similar to alcoholic liver injury but they occurred in
patients who did not consume alcohol (Angulo 2002; Clark and
Diehl 2003). Nonalcoholic fatty liver diseases are the most im-
portant liver diseases; they affect more than 20% of people in the
U.S.A. (Clark and Diehl 2003; Kim and Younossi 2008). Nonal-
coholic fatty liver diseases consist of a variety of liver pathologies
that range from simple steatosis to steatohepatitis, fibrosis, and cir-
rhosis (Brea and others 2005). Nonalcoholic fatty liver disease is
closely correlated with obesity, overweight, metabolic syndrome,
and type 2 diabetes in adult and pediatric individuals (Fabbrini
and others 2009; Ortiz-Lopez and others 2012). According to
some histological studies, nonalcoholic fatty liver disease causes
a variety of changes, including macrovesicular steatosis (Tiniakos
and others 2010), lobular inflammatory infiltrate, hepatocellular
ballooning (Brunt 2010), perisinusoidal fibrosis (Brunt 2012), and
Mallory’s hyaline (Puri and Sanyal 2012). It has been reported
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that intraperitoneal administrations of curcumin mitigates fibrosis
and modifies intrahepatic gene expression of monocyte chemoat-
tractant protein-1, CD11b, procollagen type I, NF-κB, ICAM-1,
COX-2, TNF-α, and protein levels of α-smooth muscle-actin
(Leclercq and others 2004; Vizzutti and others 2009). Curcumin
also inhibits oxidative stress via modification of mitochondrial
reactive oxygen species (Ramirez-Tortosa and others 2009) and
8-OH deoxyguanosine levels (Vizzutti and others 2009). More-
over, curcumin inhibits reactive oxygen species production in my-
ofibroblastic hepatic stellate cells and modifies secretion of tissue
inhibitor of metalloprotease-1 (Vizzutti and others 2009). Cur-
cumin is also known to modify the abnormal increase in the level
of aminotransferases (Ramirez-Tortosa and others 2009). Histo-
logically, curcumin has been demonstrated to mitigate steatosis
and necro-inflammation in the hepatic tissues. In conclusion, cur-
cumin effectively mitigates nonalcoholic fatty liver diseases via its
antioxidant and anti-inflammatory actions (Vizzutti and others
2009).

Drug-induced hepatotoxicity
Hepatotoxicity is known as a common side effect of over 1000

drugs, but its prevalence for many drugs is lower than 1 case in
10000 (Kaplowitz 2005; Navarro and Senior 2006). According to
some U.S.A. statistical data, drug-related hepatotoxicity accounts
for 50% of liver injuries including both chronic and acute liver
diseases (Lee 2003). In most cases, cessation of the drug and con-
sequent supportive care are the only effective solutions for the
treatment of drug-induced hepatotoxicity (Navarro and Senior
2006). For example, in the U.S.A., suicide attempts account for
over two-thirds of acetaminophen-related liver injury, whereas ac-
cidental overdose accounts for only one-third of the cases. Using
N-acetylcysteine after an intentional or unintentional overdose of
acetaminophen (Woodhead and others 2012) is the most known
exception for the aforementioned intervention approach.

Drug-induced hepatotoxicity is one of the most important rea-
sons that is cited for withdrawing drugs from the market by the
U.S. Food and Drug Administration (FDA) (Lee 2003). Drugs
or their metabolites can cause direct cellular damage or stimu-
late immune response that may lead to apoptosis or necrosis in
hepatocytes (Liu and Kaplowitz 2002; Kaplowitz 2004). Gen-
eral mechanisms, which are involved in drug-induced hepatitis,
include reactive metabolite formations, oxidative stress, GSH de-
pletion, and protein alkylation (Grattagliano and others 2009).
These processes directly influence the normal function of several
organelle including mitochondria, the cytoskeleton, endoplasmic
reticulum, microtubules, and/or the nucleus (Kaplowitz 2004;
Gunawan and Kaplowitz 2007). Also, they can change cellular
organelle functions through changes in the activation or inhibi-
tion of signaling kinases, transcription factors, and protein ex-
pression (Kaplowitz 2004; Gunawan and Kaplowitz 2007). These
intracellular stresses were observed to be associated with deregu-
lation of Jun-N-terminal kinase-1 (Nakagawa and others 2008),
B-cell lymphoma-2 protein family (Bmf, Bim, Bax, and Bak)
(Kaplowitz 2004), and c/EBP homologous protein-10 (Pessayre
and others 2010). It has been further reported that the activation
of B-cell lymphoma-2 protein family members causes massive
mitochondrial injury through formation of pores in the outer
mitochondrial membrane and triggers chromatin condensation
and DNA fragmentation (Mohamad and others 2005). More-
over, mitochondrial dysfunction reduces energy production and
causes release of nucleases through change in membrane poten-
tial collapse, which is caused by changing membrane permeabil-

ity (Grattagliano and others 2009). Reactive metabolites can also
stimulate immune response and cause immune-mediated injury by
either covalently binding with liver proteins, such as cytochrome
P450 enzymes, or involving hapten-like action (Wu and others
2010; Vogel and Manns 2012). Although the exact mechanism
of immune-mediated liver injury is not fully understood, it is as-
sumed that FasL and the perforin/granzyme B pathways have a
crucial role in drug-induced immune-mediated hepatocyte apop-
tosis (Warrington 2012).

The ameliorative effect of curcumin and its derivatives against
liver injury induced by several drugs, such as paracetamol
(Girish and others 2009), chloroquine (Dattani and others 2010),
methotrexate (Hemeida and Mohafez 2008), erythromycin esto-
late (Pari and Murugan 2004), isoniazid, rifampicin, and pyrazi-
namide (Adhvaryu and others 2007), has been reported. Antioxi-
dant ability of curcumin and its derivatives is shown to be the main
protective mechanism against drug-induced liver damages (Negi
and others 2008). Curcumin, as a strong inhibitor of cytochrome
P450 (Thapliyal and Maru 2001), can normalize antioxidant en-
zymes and nonenzymatic antioxidant compounds such as GSH
(Oetari and others 1996). Bulku and others (2012) also demon-
strated that curcumin ameliorates acetaminophen-induced liver
damage through normalization of proapoptotic (Bax, caspase-3)
and antiapoptotic signaling pathways the curcumin chemopreven-
tive potential is further shown by it capacity to inhibit COX-2 and
iNOS expression through NF-kB pathways that are considered an-
other possible ameliorative mechanism against drug-induced liver
damage (Puri and Sanyal 2012).

Liver cancer
Numerous annual reports demonstrate that HC is responsible

for more than 696000 deaths all over the world, and accounts for
about 90% of all cases of liver cancer and is the 3rd most com-
mon cause of cancer mortality (9.2%) (Ferlay and others 2010).
Despite many approaches for treating liver cancer, the prognosis
remains poor. According to WHO statistics, the incidence rate of
HC in men is higher than in women. This suggests that gender
and gender-related factors are important factors in HC (El-Serag
2004). Although the reason of the high HC incidence is unclear,
there are systematic differences in the microRNA expression pat-
terns of liver tissues in men and women (Ji and others 2009). A
recent report on the inhibitory activity of estrogen on interleukin-
6 induction in Kupfer cells may have crucial role in the observed
gender difference of HC incidence (Wands 2007).

Liver cancer is also commonly associated with viral infections,
as a high incidence is reported in hepatitis B and C sufferers
(Benvegnù and others 2006). Although surgical methods are the
most effective procedures for treating HC, only 20% of patients are
eligible to go through this scheme (Shi and others 2007). Treat-
ment via interferon α and transcatheter arterial chemoemboliza-
tion have a key role in prolonging the survival time of patients
with HC (Sun and others 2006; Peng and others 2009).

Many studies demonstrate the overexpression of Bcl-2 members
(Chang and Xu 2000) and inhibitors of apoptosis proteins (IAPs)
occurring during HC (Augello and others 2009). It is well known
that IAPs (c-IAP-1, c-IAP-2, XIAP, NAIP surviving, and livin-
α) and X-linked inhibitor-of-apoptosis protein (XIAP) through
inhibiting effector caspases can inhibit cell death (Deveraux and
Reed 1999; Vucic and others 2000; Kasof and Gomes 2001; No-
tarbartolo and others 2005; Augello and others 2009). More-
over, XIAP X-chromosome-linked inhibitor of apoptosis proteins
(XIAP) can initiate proteasome degradation of caspases and 2nd

68 Comprehensive Reviews in Food Science and Food Safety � Vol. 13, 2014 C© 2013 Institute of Food Technologists®

SOURCE: http://www.science-truth.com

www.sc
ien

ce
-tr

uth
.co

m



Curcumin and liver disease . . .

mitochondria-derived activator of caspases (Smac) (MacFarlane
and others 2002). Recently, overexpression of Smac in HC tumors
is used as an effective strategy for cancer treatment (Zhao and oth-
ers 2006) because Smac sensitizes tumor cells to chemotherapeutic
drugs (Zhao and others 2006). It is further known that NF-kB up-
regulates the expression level of XIAP and other IAPs as well as
other NF-kB target genes in HC tumor cells (Wang and others
1998; Mitsiades and others 2002). Besides NF-kB, HC cells can
control cell proliferation and growth through expression of other
transcription factors, such as AP-1 and STATs (Liu and others
2002). Curcumin is well known for its potent NF-kB inhibitory
activity (Chan 1995, Darvesh and others 2012). It can also interact
with AP-1 and STATs (Notarbartolo and others 2005). There-
fore, curcumin influences NF-kB, AP-1, and STATs, apoptotic
mechanisms in human HC (Aggarwal and others 2003; Notarbar-
tolo and others 2005). Recent evidence further shows that p38
activation-induced FasL expression signaling in human HC Huh7
cells has a crucial role in apoptosis-inducing activity of curcumin
(Wang and others 2013).

MicroRNAs (miRNAs) deregulation is another mechanism that
is involved in human HC (Ladeiro and others 2008; Iorio and
Croce 2009). miRNAs are noncoding small RNAs composed
of about 22 nucleotides that function in the transcriptional and
posttranscriptional regulation of target genes (He and Hannon
2004; Chekulaeva and Filipowicz 2009). Most of the mammalian
mRNAs are conserved targets of about 1000 miRNAs that are
encoded by the human genome (John and others 2004; Chang
and Mendell 2007; Guo and others 2010). Previous studies have
shown that miRNAs are implicated in different biological pro-
cesses including development, apoptosis, differentiation stress re-
sponse, proliferation, and so on (Croce and Calin 2005). Over
the past several years, numerous reports have shown that miRNAs
levels are deregulated in most of human tumors (Calin and Croce
2006; Deng and others 2008; Garzon and others 2009). Ladeiro
and others (2008) reported that dysregulation of miR-224 miR-
200c, miR-200, miR-21, miR-224, miR-10b, and miR-222 has
important roles in initiation or malignancy of hepatocellular car-
cinoma (HCC) tumors. Another study showed that HC caused a
decrease in miR-199a/b-3p level and there was a close correlation
between miR-199a/b-3p level and survival of patients (Hou and
others 2011). As a function of microRNA, miR-199a/b-3p tar-
gets tumor-promoting PAK4 and represses tumor growth through
suppressing the PAK4/Raf/MEK/ERK pathway (Hou and oth-
ers 2011). Other studies report significant elevations of E2F1 and
oncoproteins Bcl-2 level in human HC (Ladu and others 2008;
Yang and others 2011). Curcumin administration showed a sig-
nificant decrease in E2F1 and Bcl-2 protein levels (Li and others
2007). Hassan and Al-Olayan (2012) also showed that curcumin
administration can normalize the expression levels of miR-199 and
miR-200 families. Curcumin not only influences the expression
of miR-21 and miR-34a, but also upregulates tumor suppressor
let-7a miRNA (Subramaniam and others 2012).

Liver cancer promotes neovascularization and angiogenesis
in HC tumors (Semela and Dufour 2004) that are regulated
by different molecular signaling pathways including extracellu-
lar signal-regulated kinase 1/2 and serine/threonine kinase AKT
(Schmitz and others 2008). Extracellular signal-regulated kinase is
a mitogen-activated PKC cascade that is involved in different cell
cycle processes including growth and proliferation (Zhang and Liu
2002; Wada and Penninger 2004). It has been reported that ex-
tracellular signal-regulated kinase is activated by VEGF (Rousseau
and others 1997). The AKT pathways also have crucial role in cell

cycles (Liang and Slingerland 2003). On the basis of previous re-
ports, it has been suggested that elevation of phosphor extracellular
signal-regulated kinase 1/2 and AKT expression levels are associ-
ated with aggressive tumor behaviors in HC (Schmitz and others
2008). Curcumin administration can significantly repress differ-
ent angiogenic biomarkers such as VEGF, and cyclooxygenase-
2 (COX-2) expression (Yoysungnoen and others 2006; Binion
and others 2008). It has recently been demonstrated that PI-
3/AKT, MAP kinase/ERK, and signal transducer and activator of
transcription 3 (STAT3) pathways influence COX-2 and VEGF-
stimulating pathways (Niu and others 2002; Kwon and others
2003; St-Germain and others 2004; Lo and others 2010). More-
over, it has been reported that the repression effect of curcumin
on STAT3 (Yoysungnoen and others 2006) and hypoxia-inducible
factor-1α expression in human HC leads to reduced tumor angio-
genesis and progression (Bae and others 2006). Hence, the above-
mentioned pathways are possible tumor angiogenesis suppression
mechanism of curcumin (Bae and others 2006). Another possible
antiproliferative mechanism of curcumin against HC is through
induction of endoplasmic reticulum stress and mitochondrial dys-
function (Cheng and others 2010). Lin and others (1998) showed
that the suppression effect of curcumin on MMP-9 secretion is its
anti-invasion mechanism in HC SK-Hep-1 cells.

Biliary cirrhosis
Primary biliary cirrhosis is an autoimmune chronic cholestatic

liver inflammation that slowly blocks the flow of bile and subse-
quently causes liver scarring, fibrosis, and cirrhosis (Dienes and
others 1997; Leuschner 2003; Kaplan and Gershwin 2005). Ac-
cording to the histopathological studies, primary biliary cirrhosis
causes nonsuppurative interlobular bile duct destruction (Talwalkar
and Lindor 2003). It is well known that immunological and ge-
netic factors have an important role in initiation and progression
of this disease (Tanaka and others 2001). The sex ratio of primary
biliary cirrhosis shows that affected patients are commonly middle-
aged women with an asymptomatic increase in serum hepatic fac-
tors (sex ratio is 9 : 1, female : male) (Invernizzi and others 2004;
Danielsson and others 2005). Fatigue, fatty deposits under the
skin, itching, jaundice, and xanthelasma are the most commonly
symptoms of primary biliary cirrhosis (Kaplan and Gershwin 2005;
Sargent 2008). Ursodeoxycholic acid is the most common medical
treatment of primary biliary cirrhosis, and it is approved by U.S.
Food and Drug Administration (Lindor 2007).

TGF-β is an important profibrogenic cytokine in the devel-
opment of fibrosis (Yao and others 2012). TGF-β stimulates the
production of extracellular matrix and blocks its removing pro-
cedures (Branton and Kopp 1999). It is well known that TGF-β
has a crucial role in activation of trans-differentiation of hepatic
stellate cells to myofibroblasts in liver fibrogenesis (Shen and oth-
ers 2003). Curcumin inhibits the profibrotic role of TGF-β and
prevent fibrosis in fibrotic lung and kidney disorder (Gaedeke and
others 2004; Reyes-Gordillo and others 2008; Punithavathi and
others 2009).

It has also been reported that curcumin ameliorates cirrhosis
induced by bile duct ligation through downregulation of TGF-
β and inhibition of oxidative stress (Reyes-Gordillo and oth-
ers 2008). Numerous reports suggest the role of TGF-β in the
expression of different profibrotic genes (Gaedeke and others
2004; Leask and Abraham 2004). Curcumin inhibits upregula-
tion of TGF-β mRNA and TGF-β protein expressions in hep-
atic tissues of bile duct-ligated rats (Reyes-Gordillo and others
2008). The preventive role of curcumin against fibrosis induced by
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biliary cirrhosis could be attributed to its antioxidant action and
its downregulation effects on NF-kB and TGF-β (Leask and
Abraham 2004; Dohmen and others 2004; Salunga and others
2007; Reyes-Gordillo and others 2008).

Primary sclerosing cholangitis
Primary sclerosing cholangitis is a chronic cholestatic liver dis-

ease that causes inflammation, fibrosis, scarring, and destruction
of the bile ducts at intrahepatic and extrahepatic levels (Cullen and
Chapman 2003; Harrison and others 2005). The disease is a pro-
gressive immune-mediated disorder that culminates in cirrhosis,
hepatic decompensation, and portal hypertension (Chapman and
others 2010). About 70% of primary sclerosing cholangitis patients
are young and middle-aged men (Mendes and Lindor 2010). More
than 87% of primary sclerosing cholangitis patients are shown to
have ulcerative colitis and 13% of them have Crohn’s disease (Lee
and Kaplan 2002). This pathology is often associated with inflam-
matory bowel disease (Jørgensen and others 2012). Other studies
indicate that some of the primary sclerosing cholangitis patients
have autoimmune disorders, chronic pancreatitis, and sarcoidosis
(Saich and Chapman 2008; Kamisawa and others 2009; Bowlus
2011). It has also been reported that choledocholithiasis and in-
fections (in the liver, bile ducts, and gallbladder) can cause primary
sclerosing cholangitis (Mendes and Lindor 2010). Chronic fatigue,
jaundice, itching, malabsorption, cirrhosis, enlarged liver, enlarged
spleen, weight and appetite loss, and infection of the bile duct are
the most common symptoms of primary sclerosing cholangitis
(Miura and Miyachi 2009; Bowlus 2011; Elfaki and Lindor 2011;
Ibrahim and Lindor 2011; Singal and others 2011; Azizi and others
2012). There are different medications for the treatment of pri-
mary sclerosing cholangitis such as cholestyramine (Mendes and
Lindor 2010), ursodeoxycholic acid (Lindor and others 2009),
antibiotics (Elfaki and Lindor 2011) (for treatment of bile duct in-
fections), and some immunosuppressive drugs such as prednisone,
azathioprine, cyclosporine, and methotrexate (Tabibian and
Lindor 2013). Treatments with some vitamins such as vitamin
D, vitamin E, vitamin A, and vitamin K have also shown to have
some beneficial effects (Ibrahim and Lindor 2011). In addition to
drug treatments, surgical procedures may be useful for primary
sclerosing cholangitis (Aljiffry and others 2011).

It has been known that curcumin mitigates cholangiopathy and
biliary fibrosis in Mdr2−/− mice via targeting the activation of
PPARγ in cholangiocytes, inhibiting the TNF-α-induced inflam-
matory activation and the marker vascular cell adhesion molecule-
1 expression in cholangiocytes (Baghdasaryan and others 2010).
Through these mechanisms of action, curcumin decreases the at-
traction of neutrophil granulocytes and myofibroblasts in the por-
tal fields. Furthermore, curcumin inhibits proliferation and por-
tal myofibroblast activation through extracellular signal-regulated
kinases1/2 phosphorylation inhibition, and therefore reduced fi-
brogenesis in Mdr2−/− mice (Baghdasaryan and others 2010).

Conclusion and Recommendation
In conclusion, curcumin shows therapeutic actions in different

liver diseases, namely, hepatitis B, hepatitis C, alcoholic liver dis-
ease, nonalcoholic fatty liver disease, drug-induced hepatotoxicity,
liver cancer, biliary cirrhosis, and primary sclerosing cholangitis.
It is a potent free radical scavenger with good hydrogen-donating
ability. It is also well known for its good metal chelating effect, es-
pecially iron and copper. The molecular mechanisms of curcumin
therapeutic actions showed that its antioxidant and inhibitory ef-
fects on NF-kB, which is able to regulate different proinflamma-

tory and profibrotic cytokines, have a crucial role in the mitigation
of liver diseases. It is well known that oxidative stress has a cru-
cial role in the initiation and progression of several liver diseases.
NF-kB is known as one of the most important oxidative damage-
responsive transcription factors and is crucial as an inflammatory
transcriptional regulator in liver diseases.

Abundance of research shows that NF-kB plays cytoprotective
effect and suppresses TNF-α-induced ROS formation through
different mechanisms (Bubici and others 2006). NF-kB-mediated
overexpression of ferritin heavy chain gene is one of them. More-
over, free iron can easily produce highly reactive hydroxyl radicals
through Fenton and Haber–Weiss reactions, so decreasing of free
iron level in the cells is necessary and vital (Pham and others 2004).
Upregulation of ferritin heavy chain leads to inhibition of TNF-
R-induced JNK signaling and cell death (Papa and others 2006).
On the other hand, a plethora of information shows that ferritin
heavy chain upregulated in tumor cell during their progression
in response of oxidative stress (Baldi and others 2005; Aung and
others 2007). Hence, NF-kB-promoted ferritin heavy chain over
expression may cause tumor progression, anaplasia, and cancer re-
sistance. Upregulation of Mn-SOD is another NF-kB-mediated
antioxidant mechanism (Delhalle and others 2002). Pham and oth-
ers 2004 reported that upregulation of Mn-SOD is dependent of
both TNF-α and NF-kB and causes little or even no protection
against TNF-R-mediated killing. Although this finding suggests
that Mn-SOD probably not involves in the protective role of
NF-kB against programmed cell death; there is evidence on cor-
relation between Mn-SOD and pro-oncogenic actions of NF-kB
(Bubici and others 2006). Synergism between Mn-SOD and fer-
ritin heavy chain seems essential for suppressing redox homeostasis.
Such anticancer agents cause increasing of ROS/JNK signaling in
cancerous cells, and hence it is reasonable that blockage of the
NF-kB-mediated procedures can commence and reinforce trig-
gering of necrosis signaling in cancerous cell (Pham and others
2007).

Curcumin activates PPAR-γ , inhibits ERK, elevates the cel-
lular GSH content, and inhibits toll-like receptor-4 gene expres-
sion leading to downregulation of NF-kB in hepatic stellate cells
(Zheng and Chen 2006; Chen and Zheng 2008; Oconnell and
Rushworth 2008). These procedures result in the suppression of
TGF-β receptor gene expression that leads to inhibiting of TGF-
β signaling and suppression of connective tissue growth factor
gene expression. The above-mentioned procedures result in the
reduction of the production of extracellular matrix from activated
hepatic stellate cells and the mitigation of liver injuries (Zheng and
Chen 2006). Curcumin ability to inhibit the growth stimulatory
pathways such as insulin-like growth factor-1 plays important role
in its antiproliferative effects (Xia and others 2007).

In the hepatitis B viral infection, curcumin modifies the PGC-
1α level and inhibits the gene expression of HBV. Antioxidant
actions of curcumin play a crucial role in its therapeutic actions in
hepatitis C viral infection. Also, curcumin suppresses hepatitis C
virus replication via PI3K/Akt-SREBP-1 pathway inhibition. In
cases of alcoholic liver disease, the protective role of curcumin is
due to its mitigating role in alcohol-induced oxidative stress and
lipid peroxidation. Curcumin modifies the activation of NF-kB,
and also the expression of different cytokines and chemokines. In
nonalcoholic fatty liver disease, curcumin ameliorates histopatho-
logical abnormality via modification of expression of different cy-
tokines and chemokines. The antioxidant activity of curcumin also
plays an important role in its therapeutic action in nonalcoholic
fatty liver disease. The antioxidant and anti-inflammatory effects
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of curcumin appear to have an effective role in the management
of drug-induced hepatotoxicity.

There are numerous mechanisms for the beneficial effects of
curcumin against liver cancer. In fact, curcumin, as a classical
Michael acceptor, and due to the presence of phenolic groups,
plays an important role as an anticancer substance. In cases of
biliary cirrhosis, antioxidant ability of curcumin and its potential
in downregulation of NF-kB and TGF-β play an important role
in the mitigation of chronic cholestatic liver inflammation and
fibrosis. The preventive role of curcumin against fibrosis may be the
result of its antioxidant action. In primary sclerosing cholangitis,
curcumin inhibits the attraction of neutrophil granulocytes and
myofibroblasts. The following recommendations are important for
utilizing curcumin as a validated hepatoprotective agent:

- More basic and clinical studies must be performed on
bioavailability, pharmacokinetics, and pharmacodynamic
action of curcumin and its derivatives.

- More studies on the improvement of curcumin bioavail-
ability, such as liposomal curcumin, curcumin nanoparti-
cles, curcumin phospholipid complex, and use of curcumin
analog must be performed.

- Further studies for ascertaining the best effective dose for
the mitigation of liver diseases are needed.
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CJ, Arenas-Huertero F. 2013.Toxic effects induced by curcumin in human
astrocytoma cell lines. Toxicol Mech Methods. Available from
http://informahealthcare.com/doi/pdf/10.3109/15376516.2013.826768.

Saich R, Chapman R. 2008. Primary sclerosing cholangitis, autoimmune
hepatitis and overlap syndromes in inflammatory bowel disease. World J
Gastroenterol 14(3):331–7.

Salunga TL, Cui ZG, Shimoda S, Zheng HC, Nomoto K, Kondo T, Takano
Y, Selmi C, Alpini G, Gershwin ME, Tsuneyama K. 2007. Oxidative
stress-induced apoptosis of bile duct cells in primary biliary cirrhosis. J
Autoimmun 29(2):78–86.

Sandur SK, Pandey MK, Sung B, Ahn KS, Murakami A, Sethi G, Limtrakul
P, Badmaev V, Aggarwal BB. 2007. Curcumin, demethoxycurcumin,
bisdemethoxycurcumin, tetrahydrocurcumin and turmerones differentially
regulate anti-inflammatory and anti-proliferative responses through a
ROS-independent mechanism. Carcinogenesis 28(8):1765–73.

Sargent S. 2008. Diagnosing and treating a patient with primary biliary
cirrhosis. Br J Nurs 17(9):566–70.

Scapagnini G, Sonya V, Nader AG, Calogero C, Zella D, Fabio G. 2011.
Modulation of Nrf2/ARE pathway by food polyphenols: a nutritional
neuroprotective strategy for cognitive and neurodegenerative disorders. Mol
Neurobiol 44(2):192–201.

Schmitz KJ, Wohlschlaeger J, Lang H, Sotiropoulos GC, Malago M,
Steveling K, Reis H, Cicinnati VR, Schmid KW, Baba HA. 2008.
Activation of the ERK and AKT signalling pathway predicts poor prognosis
in hepatocellular carcinoma and ERK activation in cancer tissue is associated
with hepatitis C virus infection. J Hepatol 48(1):83–90.

Semela D, Dufour JF. 2004. Angiogenesis and hepatocellular carcinoma. J
Hepatol 41(5):864–80.

Sethi G, Sung B, Aggarwal BB. 2009. In: Ramawat K. G., editor. The role of
curcumin in modern medicine, Herbal drugs: ethnomedicine to modern
medicine. Berlin Heidelberg: Springer. p. 97–113.

Shah BH, Nawaz Z, Pertani SA, Roomi A, Mahmood H, Saeed SA, Gilani
AH. 1999. Inhibitory effect of curcumin, a food spice from turmeric, on
platelet-activating factor-and arachidonic acid-mediated platelet aggregation
through inhibition of thromboxane formation and Ca 2+ signaling.
Biochem Pharmacol 58(7):1167–72.

Sharma AV, Ganguly K, Paul S, Maulik N, Swarnakar S. 2012. Curcumin
heals indomethacin-induced gastric ulceration by stimulation of
angiogenesis and restitution of collagen fibers via VEGF and MMP-2
mediated signaling. Antioxid Red Signal 16(4):351–62.

Shehzad A, Lee YS. 2010. Curcumin: multiple molecular targets mediate
multiple pharmacological actions: a review. Drug Future 35:113–9.

Shehzad A, Wahid F, Lee YS. 2010. Curcumin in cancer chemoprevention:
molecular targets, pharmacokinetics, bioavailability, and clinical trials. Arch
Pharmazie 343(9):489–99.

Shen H, Huang GJ, Gong YW. 2003. Effect of transforming growth factor
beta and bone morphogenetic proteins on rat hepatic stellate cell
proliferation and trans-differentiation. World J Gastroenterol 9(4):784–7.

Shi M, Guo RP, Lin XJ, Zhang YQ, Chen MS, Zhang CQ, Lau WY, Li
JQ. 2007. Partial hepatectomy with wide versus narrow resection margin for

solitary hepatocellular carcinoma: a prospective randomized trial. Ann Surg
245(1):36–43.

Shin SK, Ha TY, McGregor RA, Choi MS. 2011. Long-term curcumin
administration protects against atherosclerosis via hepatic regulation of
lipoprotein cholesterol metabolism. Mol Nutr Food Res 55:
1829–40.

Shishodia S, Sethi G, Aggarwal BB. 2006. Curcumin: getting back to the
roots. Annu New York Acad Sci 1056(1):206–17.

Shlomai A, Paran N, Shaul Y. 2006. PGC-1α controls hepatitis B virus
through nutritional signals. Proc Natl Acad Sci 103(43):16003–8.

Sidhu GS, Singh AK, Thaloor D, Banaudha KK, Patnaik GK, Srimal RC,
Maheshwari RK. 2002. Enhancement of wound healing by curcumin in
animals. Wound Repair Regener 6(2):167–77.

Simard EP, Ward EM, Siegel R, Jemal A.2012. Cancers with increasing
incidence trends in the United States: 1999 through 2008. CA: A Cancer J
Clin 62:118–28.

Singal AK, Stanca CM, Clark V, Dixon L, Levy C, Odin JA, Fiel MI,
Friedman SL, Bach N. 2011. Natural history of small duct primary
sclerosing cholangitis: a case series with review of the literature. Hepatol Intl
5(3):808–13.

Singh U, Barik A, Singh BG, Priyadarsini KI. 2011. Reactions of reactive
oxygen species (ROS) with curcumin analogues: structure-activity
relationship. Free Rad Res 45(3):317–25.

Somparn P, Phisalaphong C, Nakornchai S, Unchern S, Morales NP. 2007.
Comparative antioxidant activities of curcumin and its demethoxy and
hydrogenated derivatives. Biol Pharm Bull 30(1):74–78.

St-Germain ME, Gagnon V, Parent S, Asselin E. 2004. Regulation of
COX-2 protein expression by Akt in endometrial cancer cells is mediated
through NF-κB/IκB pathway. Mol Cancer 3(1):7.

Stokkeland K, Ebrahim F, Ekbom A. 2010. Increased risk of esophageal
varices, liver cancer, and death in patients with alcoholic liver disease.
Alcohol Clin Exp Res 34(11):1993–9.

Subramaniam D, Ponnurangam S, Ramamoorthy P, Standing D, Battafarano
RJ, Anant S, Sharma P. 2012. Curcumin induces cell death in esophageal
cancer cells through modulating notch signaling. PLoS One 7(2):
e30590.

Sun B, Karin M. 2008. NF-κB signaling, liver disease and hepatoprotective
agents. Oncogene 27(48):6228–44.

Sun HC, Tang ZY, Wang L, Qin LX, Ma ZC, Ye QH, Zhang BH, Qian YB,
Wu ZQ, Fan J, Zhou XD, Zhou J, Qiu SJ, Shen YF. 2006. Postoperative
interferon α treatment postponed recurrence and improved overall survival
in patients after curative resection of HBV-related hepatocellular carcinoma:
a randomized clinical trial. J Cancer Res Clin Oncol 132(7):458–65.

Suresh Babu P, Srinivasan K. 1995. Influence of dietary curcumin and
cholesterol on the progression of experimentally induced diabetes in albino
rat. Mol Cell Biochem 152(1):13–21.

Suter PM, Tremblay A. 2005. Is alcohol consumption a risk factor for weight
gain and obesity? Crit Rev Clin Lab Sci 42(3):197–227.

Tabibian JH, Lindor KD. 2013. Primary sclerosing cholangitis: a review and
update on therapeutic developments. Exp Rev Gastroenterol Hepatol
7(2):103–14.

Tacke F, Luedde T, Trautwein C. 2009. Inflammatory pathways in liver
homeostasis and liver injury. Clin RevAllergy Immunol 36(1):4–12.

Talwalkar JA, Lindor KD. 2003. Primary biliary cirrhosis. Lancet
362(9377):53–61.

Tanaka A, Borchers AT, Ishibashi H, Ansari AA, Keen CL, Gershwin ME.
2001. Genetic and familial considerations of primary biliary cirrhosis. Am J
Gastroenterol 96(1):8–15.

Tanaka S, Miyanishi K, Kobune M, Kawano Y, Hoki T, Kubo T, Hayashi T,
Sato T, Sato Y, Takimoto R, Kato J. 2013. Increased hepatic oxidative
DNA damage in patients with nonalcoholic steatohepatitis who develop
hepatocellular carcinoma. J Gastroenterol.
Doi:10.1007/s00535-012-0739-0.

Teiten MH, Eifes S, Dicato M, Diederich M. 2010. Curcumin—the
paradigm of a multi-target natural compound with applications in cancer
prevention and treatment. Toxins 2(1):128–62.

Thangapazham RL, Sharma A, Maheshwari RK. 2007. Beneficial role of
curcumin in skin diseases. In: Aggarwal, Bharat B.; Surh, Young-Joon;
Shishodia, S., editors. The molecular targets and therapeutic uses of
curcumin in health and disease. New York, NY, USA: Springer. p 343–57.

Thapliyal R, Maru GB. 2001. Inhibition of cytochrome P450 isozymes by
curcumins in vitro and in vivo. Food Chem Toxicol 39(6):541–7.

76 Comprehensive Reviews in Food Science and Food Safety � Vol. 13, 2014 C© 2013 Institute of Food Technologists®

SOURCE: http://www.science-truth.com

www.sc
ien

ce
-tr

uth
.co

m



Curcumin and liver disease . . .

Tiniakos DG, Vos MB, Brunt EM. 2010. Nonalcoholic fatty liver disease:
pathology and pathogenesis. Annu Rev Pathol 5:145–71.

Ueki M, Ueno M, Morishita J, Maekawa N. 2012. Curcumin ameliorates
cisplatin-induced nephrotoxicity by inhibiting renal inflammation in mice. J
Biosci Bioeng 115(5):547–51.

Vara D, Salazar M, Olea-Herrero N, Guzmán M, Velasco G, Dı́az-Laviada I.
2011. Anti-tumoral action of cannabinoids on hepatocellular carcinoma:
role of AMPK-dependent activation of autophagy. Cell Death Differ
18(7):1099–111.

Verhoef C, Valkema R, De Man RA, Krenning EP, Yzermans JNM. 2002.
Fluorine-18 FDG imaging in hepatocellular carcinoma using positron
coincidence detection and single photon emission computed tomography.
Liver 22(1):51–6.

Vizzutti F, Provenzano A, Galastri S, Milani S, Delogu W, Novo E, Caligiuri
A, Zamara E, Arena U, Laffi G, Parola M, Pinzani M, Marra F. 2009.
Curcumin limits the fibrogenic evolution of experimental steatohepatitis.
Lab Invest 90(1):104–15.

Vogel A, Manns MP. 2012. Mimics of autoimmune hepatitis: drug-induced
and immune mediated liver disease. Autoimmun Hepat 2012:93–113.

Vucic D, Stennicke HR, Pisabarro MT, Salvesen GS, Dixit VM. 2000.
ML-IAP, a novel inhibitor of apoptosis that is preferentially expressed in
human melanomas. Curr Biol 10(21):1359–66.

Wada T, Penninger JM. 2004. Mitogen-activated protein kinases in apoptosis
regulation. Oncogene 23(16):2838–49.

Wands J. 2007. Hepatocellular carcinoma and sex. N Engl J Med
357(19):1974–6.

Wang WZ, Li L, Liu MY, Jin XB, Mao JW, Pu QH, Meng MJ, Chen XG,
Zhu JY. 2013. Curcumin induces FasL-related apoptosis through p38
activation in human hepatocellular carcinoma Huh7 cells. Life Sci
92(6–7):352–8.

Wang CY, Mayo MW, Korneluk RG, Goeddel DV, Baldwin Jr AS. 1998.
NF-κB antiapoptosis: induction of TRAF1 and TRAF2 and c-IAP1 and
c-IAP2 to suppress caspase-8 activation. Science 281(5383):1680–3.

Wang NP, Wang ZF, Tootle S, Philip T, Zhao ZQ. 2012. Curcumin
promotes cardiac repair and ameliorates cardiac dysfunction following
myocardial infarction. Br J Pharmacol 167:1550–62.

Warrington R. 2012. Drug allergy: causes and desensitization. Hum Vaccine
Immunother 8(10):1513–24.

Watson JL, Greenshields A, Hill R, Hilchie A, Lee PW, Giacomantonio CA,
Hoskin DW. 2010. Curcumin-induced apoptosis in ovarian carcinoma cells
is p53-independent and involves p38 mitogen-activated protein kinase
activation and downregulation of Bcl-2 and survivin expression and Akt
signaling. Mol Carcinog 49(1):13–24.

Wilken R, Veena MS, Wang MB, Srivatsan ES. 2011. Curcumin: a review of
anti-cancer properties and therapeutic activity in head and neck squamous
cell carcinoma. Mol Cancer 10(12):1–19.

Woodhead JL, Howell BA, Yang Y, Harrill AH, Clewell 3rd HJ, Andersen
ME, Siler SQ, Watkins PB. 2012. An analysis of N-acetylcysteine treatment
for acetaminophen overdose using a systems model of drug-induced liver
injury. J Pharmacol Exp Ther 342(2):529–40.

Wu Z, Han M, Chen T, Yan W, Ning Q. 2010. Acute liver failure:
mechanisms of immune-mediated liver injury. Liver Intl 30(6):782–94.

Wu JY, Lin CY, Lin TW, Ken CF, Wen YD. 2007. Curcumin affects
development of zebrafish embryo. Biol Pharm Bull 30(7):1336–9.

Xia Y, Jin L, Zhang B, Xue H, Li Q, Xu Y. 2007. The potentiation of
curcumin on insulin-like growth factor-1 action in MCF-7 human breast
carcinoma cells. Life Sci 80(23):2161–9.

Yadav A, Lomash V, Samim M, Flora SJ. 2012. Curcumin encapsulated in
chitosan nanoparticles: a novel strategy for the treatment of arsenic toxicity.
Chem-Biol Interact 199(1):49–61.

Yan G, Graham K, Lanza-Jacoby S. 2012. Curcumin enhances the anticancer
effects of trichostatin a in breast cancer cells. Mol Carcinog 52(5):
404–11.

Yang F, Lim GP, Begum AN, Ubeda OJ, Simmons MR, Ambegaokar SS,
Chen PP, Kayed R, Glabe CG, Frautschy SA, Cole GM. 2005. Curcumin
inhibits formation of amyloid β oligomers and fibrils, binds plaques, and
reduces amyloid in vivo. J Biol Chem 280(7):5892–901.

Yang Y, Zhu J, Gou H, Cao D, Jiang M, Hou M. 2011. Clinical significance
of Cox-2, Survivin and Bcl-2 expression in hepatocellular carcinoma
(HCC). Med Oncol 28(3):796–803.

Yao QY, Xu BL, Wang JY, Liu HC, Zhang SC, Tu CT. 2012. Inhibition by
curcumin of multiple sites of the transforming growth factor-beta1
signalling pathway ameliorates the progression of liver fibrosis induced by
carbon tetrachloride in rats. BMC Complment Altern Med 12(1):156.

Yoysungnoen P, Wirachwong P, Bhattarakosol P, Niimi H, Patumraj S.
2006. Effects of curcumin on tumor angiogenesis and biomarkers, COX-2
and VEGF, in hepatocellular carcinoma cell-implanted nude mice. Clin
Hemorheol Microcirc 34(1):109–15.

Yu YD, Kim KH, Lee SG, Choi SY, Kim YC, Byun KS, Cha IH, Park KY,
Cho CH, Choi DH. 2011. Hepatic differentiation from human embryonic
stem cells using stromal cells. J Surg Res 170:e253–61.

Yu G, Liu L, Zhang P, Li Y. 2012. Protective effect of curcumin on chronic
cerebral ischemia by altering expression of α-synuclein in 2VO model. Mol
Neurodegener 7:S33.

Zhang W, Liu HT.2002. MAPK signal pathways in the regulation of cell
proliferation in mammalian cells. Cell Res 12(1):9–18.

Zhao D, Chen S, Cai J, Guo Y, Song Z, Che J, Liu C, Wu C, Ding M,
Deng H. 2009. Derivation and characterization of hepatic progenitor cells
from human embryonic stem cells. PloS One 4(7):e6468.

Zhao J, Jin J, Zhang X, Shi M, Dai J, Wu M, Wang R, Guo Y. 2006.
Transfection of Smac sensitizes tumor cells to etoposide-induced apoptosis
and eradicates established human hepatoma in vivo. Cancer Gene Ther
13:420–7.

Zheng S, Chen A. 2006. Curcumin suppresses the expression of extracellular
matrix genes in activated hepatic stellate cells by inhibiting gene expression
of connective tissue growth factor. Am J Physiol Gastrointest Liver Physiol
290(5):G883–93.

Zoulim F. 2004a. Antiviral therapy of chronic hepatitis B: can we clear the
virus and prevent drug resistance? Antivir Chem Chemother 15(6):
299–305.

Zoulim F. 2004b. Mechanism of viral persistence and resistance to nucleoside
and nucleotide analogs in chronic hepatitis B virus infection. Antivir Res
64(1):1–15.

C© 2013 Institute of Food Technologists® Vol. 13, 2014 � Comprehensive Reviews in Food Science and Food Safety 77

SOURCE: http://www.science-truth.com

www.sc
ien

ce
-tr

uth
.co

m


