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Keywords

anti-oxidants – cirrhosis – Curcuma longa –

curcumin – cytokines – fibrosis – liver damage

– NF-kB

Correspondence

Pablo Muriel, PhD, Sección Externa de

Farmacologı́a, Cinvestav-I.P.N., Apdo. Postal
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Abstract
Since 1900 BC, several therapeutic activities have been attributed to the
rhizomes of the plant Curcuma longa for a variety of diseases, including liver
disorders. Curcumin, the main active compound obtained from this plant, was
first isolated two centuries ago and its structure as diferuloylmethane was
determined in 1910. Curcumin has shown anti-inflammatory, anti-oxidant,
antifungal, antibacterial and anticancer activities. The pharmacological prop-
erties of curcumin were reviewed recently and focused mainly on its anticancer
properties. However, its beneficial activity on liver diseases (known centuries
ago, and demonstrated recently utilizing animal models) has not being
reviewed in depth until now. The curcumin ability to inhibit several factors
like nuclear factor-kB, which modulates several pro-inflammatory and
profibrotic cytokines as well as its anti-oxidant properties, provide a rational
molecular basis to use it in hepatic disorders. Curcumin attenuates liver injury
induced by ethanol, thioacetamide, iron overdose, cholestasis and acute,
subchronic and chronic carbon tetrachloride (CCl4) intoxication; moreover,
it reverses CCl4 cirrhosis to some extent. Unfortunately, the number of studies
of curcumin on liver diseases is still very low and investigations in this area
must be encouraged because hepatic disorders constitute one of the main
causes of worldwide mortality.

Traditional agents derived from ancient Hindu medicine,
such as curcumin, have been shown to have biological
activity at physiologically relevant concentrations in
preclinical studies. Dozens of medicinal properties of
curcumin have been described that have been reviewed
recently (1–3). The most studied beneficial properties of
curcumin are perhaps its anti-oxidant, anticarcinogenic,
anti-inflammatory and immunomodulatory activities,
among others. However, the pharmacological hepato-
protective properties of curcumin known to Indians in
the traditional medicine hundreds of years ago, and
tested recently on the basis of modern scientific methods,
have not been reviewed in depth. Therefore, this review
summarized the most important and general actions of
curcumin but focused on its effects on liver diseases.

Curcumin botany

Curcumin, a polyphenol (diferuloylmethane), is the
main active compound found in the perennial plant
Curcuma longa (commonly known as turmeric). The
Curcuma genus belongs to the division of Magnoliophy-
ta, class of Liliopsyda, subclass of Zingiberidae, order
Zingiberales and family Zingiberaceae. Turmeric is a
short-stemmed plant that grows around 1 m in height; it

has curved leaves and oblong, ovate or cylindrical rhi-
zomes (Fig. 1). Curcuma longa grows naturally through-
out the Indian subcontinent and in Southeast Asia and
other tropical countries.

Curcumin, demethoxycurcumin, bisdemethoxycurcu-
min and cyclocurcumin are the four principal curcumi-
noids obtained from the coloured extracts of dried roots
from turmeric (Fig. 2). Whether all four analogues exhibit
equal activity is not clear. Although in most systems
curcumin was found to be the most potent (4, 5), in some
systems bisdemethoxycurcumin was found to exhibit high-
er activity (6, 7). There are also suggestions that the mixture
of all three is more potent than either one alone (8, 9).

India is the main producer of turmeric and consumes
about 90% of it and exports the remainder (10). Curcu-
ma longa and its constituents have been used in Asian
cookery and traditional medicine for thousands of years:
at present, they are used by the food industry as additives,
like curry in England, flavourings, preservatives and
colouring agents, in soft drinks, mustard and margarine.

Safety

One of the most prominent features of curcumin is its
extremely good tolerance and its very low toxicity and
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side effects. However, although turmeric and curcumin
are natural products used in the diet, the doses used in
clinical trials exceed those consumed in the diet; there-
fore, systematic toxicity studies are needed. Curcumin is

Generally Recognized As Safe by the Food and Drug
Administration, and this compound has been granted an
Acceptable Daily Intake level of up to 3 mg/kg by the
Joint FAO and WHO Expert Committee on Food Ad-
ditives, 1996 (11). No studies in either animals (12, 13)
or humans (14) have found any toxicity associated with
the consumption of curcumin even at very high doses.

Molecular targets

Curcumin possesses a diverse range of molecular targets;
among them are transcription and growth factors, cyto-
kines, enzymes and genes regulating cell proliferation
and apoptosis. It binds to and inhibits the activity of
enzymes, growth factor receptors, metals, albumin and
other molecules. Curcumin binds p-glycoprotein (15,
16), multidrug resistance proteins 1 and 2 (MRP1 and
MRP2) (17), glutathione (18), protein kinase C (PKC),
ATPase (19, 20) and a-1-acid glycoprotein (21). It also
blocks fibril formation in vitro and in vivo by directly
binding small b-amyloid species (22). Curcumin binds
CD13/aminopeptidase N and prevents angiogenesis and
tumour invasion (23). It inhibits the activity of lipox-
ygenase by binding to it (24) or binding to phosphati-
dylcholine micelles and thereby inhibiting lipoxygenase 1
(25).

Various transcription factors are strongly inhibited by
curcumin, including nuclear factor-kB (NF-kB), signal
transducer and activator of transcription proteins, acti-
vated protein-1, b-catenin and peroxisome proliferator-
activated receptor-g (26). These transcription factors
regulate the expression of genes that contribute to cell
survival, inflammation, tumorigenesis, angiogenesis, cell
proliferation and invasion. Curcumin also downregulates
the activity of multiple kinases [for a review, please see
Goel et al. (2, 3)].
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Fig. 2. The major curcuminoids present in the rhizome of the plant Curcuma longa.

Rhizome

Fig. 1. Curcuma longa plant.
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Curcumin and liver damage

To date, there is no cure for cirrhosis, which is a leading
worldwide cause of death (27). Some beneficial drugs for
liver diseases have been studied but we are far from
finding effective treatments. In this scenario, curcumin
appears as a drug with possibilities to cure/ameliorate
hepatic disorders.

Effects on iron-induced hepatic toxicity in rats

Iron is an essential constituent of the body and can be
found in a functional form in cytochromes, haemoglo-
bin, myoglobin and enzymes with iron–sulphur com-
plexes and other iron-dependent enzymes. However, an
excess of iron in the body is associated with toxic effects,
leading to diseases (28). Because the body lacks any
effective means to eliminate excessive iron, the toxic
consequence of iron accumulation is determined by the
rate, magnitude and distribution of iron in various
compartments. Liver damage is the most common toxic
effect observed with iron overloading. Excessive deposi-
tion of iron in hepatocytes produces fibrosis and cirrho-
sis (29, 30). Dietary curcumin lowers lipid peroxidation
induced by Fe21 intoxication to rats by enhancing the
activities of anti-oxidant enzymes (31). Moreover, it has
been demonstrated that curcumin and other spice in-
gredients can inhibit the oxidation of Fe21 by H2O2 in
the Fenton reaction (32), which generates �OH radicals,
involved in the initiation of lipid peroxidation (33).
Based on these observations, Reddy and Lokesh (34)
assessed whether the injury caused to hepatic parenchy-
ma by iron intoxication could be normalized by curcu-
min. They found that administration of 30 mg/kg, p.o.,
of curcumin daily for 10 days to Wistar rats significantly
reduced the lipid peroxidation degree induced by iron
[30 mg/kg, intraperitoneal (i.p.)]. Serum enzyme activ-
ities of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) are very important adjuncts to
diagnosis and to measure liver injury; iron administra-
tion significantly elevated the hepatic lipid peroxides and
serum AST, ALT and lactate dehydrogenase. Importantly,
curcumin significantly prevented the serum levels of AST
and ALT in iron-treated rats, indicating that this spice
principle reduced the severity of iron toxicity by reducing
the lipid peroxidation (34). Other targets of curcumin,
like NF-kB inactivation (35), cannot be discarded to
contribute to the beneficial effects of curcumin on iron
toxicity. Recently, it was found that curcumin reduces the
toxic effects of iron loading in rat liver epithelial cells
(36). In summary, there is evidence that curcumin
possesses beneficial properties on iron toxicity; however,
more studies are needed to confirm this effect. New
studies should include histopathological analysis and
more in depth investigations of the action mechanism of
curcumin in the light of their many and new described
properties (1–3).

Ethanol administration resulted in biochemical, histo-
pathological changes in the liver, kidney and brain that

were reverted when curcumin and N-acetylcysteine were
given to rats intoxicated with ethanol (37).

Evidence shows that alcohol-induced changes can
cause a significant decrease in arachidonic acid in human
plasma, erythrocytes, platelets and liver tissue (38–40).
Arachidonic acid is released from phospholipids inserted
into the plasma membrane by the action of Ca21-
dependent phospholipase 2 (PLA2) (41). There are two
routes for arachidonic acid metabolism. One is the
cycloxygenase (COX) pathway that produces prostaglan-
dins (PGs), thromboxanes (TXs) and prostacyclins. The
other pathway produces hydroxyeicosatetraenoic acids,
and leukotrienes that are well-known mediators of the
acute vascular changes that accompany the process of
inflammation (42).

Researchers have demonstrated that chronic exposure
to ethanol increases, progressively, PLA2 activity (43, 44).
In turn, PLA2 activity increases the formation of arachi-
donic acid release from phospholipids, which is then
converted to physiologically relevant eicosanoids (45).
Interestingly, curcumin has been shown to inhibit the
production of arachidonic acid in the liver, kidney and
brain (46). Moreover, curcumin inhibits PLA2 activity
(47).

Oral alcohol administration to rats increases the levels
of COX mRNA, which in turn enhances the production
of PGs (48). Rajakrishnan et al. (46) found a significant
increase in the levels of PGE1, PGE2, PGF2a and PGD2 in
the liver, kidney and brain in alcohol-fed rats, while
cotreatment with curcumin decreased the level of PGs
significantly.

It has been reported that curcumin decreases the PG
formation of PGE2, PGF2a, PGD2, TXB2 and 6-keto-
PGF1 in azoxymethane-induced colon carcinogenesis
(49). The mechanism by which curcumin decreases the
production of PGs is through inhibition of PLA2, lipox-
ygenase and COX activities (50). In addition, curcumin
administration to rats intoxicated chronically with etha-
nol resulted in a decrease in PGs. This decrease in PGs
suggests that increased arachidonic acid may be utilized
for the synthesis of phospholipids, which can be useful
for plasma membrane synthesis (46). In fact, Rajakrish-
nan et al. (46) administered curcumin after 1 month of
ethanol administration; because ethanol may have re-
sulted in membrane hydrolysis and dysfunction, admin-
istration of curcumin may result in the resynthesis of
plasma membrane, as evident from decreased PG synth-
esis, an increased arachidonic acid level and an increased
phospholipid concentration. Therefore, evidence
strongly suggests that curcumin helps in maintaining
the membrane structure, integrity and function, protect-
ing the liver, brain and kidney from alcohol toxicity.

Attenuation of thioacetamide-induced hepatitis by
curcumin

The liver has a remarkable ability to metabolize and aid
in the excretion of xenobiotics. However, this organ is
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susceptible to damage from several drugs and toxins (51).
Hepatic damage following the intake of such agents can
be reversible and subclinical, but may also cause fulmi-
nant hepatic failure (FHF) and death (51, 52). Experi-
mental models of toxic liver injury are utilized to evaluate
the biochemical processes involved in many forms of
liver disease and to evaluate the possible pharmacological
effects of candidate hepatoprotectants. The administra-
tion of thioacetamide (TAA) to rats causes FHF or
cirrhosis, depending on the dose used and the duration
of administration (53, 54). Animals treated with TAA
exhibit, in their livers, enhanced formation of reactive
oxygen species (ROS) and lipid peroxides (55), stimula-
tion of NF-kB and the resultant production of pro-
inflammatory molecules (56, 57), mechanisms that have
an established role in FHF (52).

One of the most known mechanisms underlying
curcumin’s beneficial effects on several illnesses is its
pleiotropic anti-oxidant activity (58). It prevents forma-
tion and scavenges ROS (59, 60) and reactive nitrogen
species (61, 62). Furthermore, curcumin was shown to
induce several enzymatic anti-oxidants, like glutathione
transferase (63), haeme-oxygenase-1 (64) and catalase
(63). Curcumin inhibits the activation of NF-kB by ROS,
PKC and pro-inflammatory cytokines. NF-kB-mediated
expression of inducible nitric oxide synthase (iNOS) is
also inhibited by curcumin (35, 65).

The information presented above prompted Shapiro
et al. (66) to evaluate whether curcumin’s ability to
inhibit iNOS and NF-kB, and to scavenge free radicals
would protect from TAA-induced acute liver damage in
rats. In their work, FHF was induced by two i.p.
injections of 300 mg/kg of TAA at 24-h intervals. Two
doses of curcumin were evaluated, a low dose (200 mg/kg
per day, i.p.) or a high dose (400 mg/kg per day), initiated
48 h before the first TAA injection. Appropriate controls
were performed. Survival was higher in the curcumin-
treated groups compared with the TAA-only-treated
animals. Liver necrosis and blood ammonia were reduced
by curcumin, and the effect was better in the high-dose
group. Lipid peroxidation, NF-kB activation and iNOS
expression were increased by TAA and reduced by
curcumin. The findings of the Shapiro et al. (66) study
confirm a role for ROS, nitric oxide and NF-kB activa-
tion in the pathogenesis of TAA-induced liver damage
and indicate that a blockade of their formation or
activation by curcumin administration has a potent
anti-inflammatory effect. Because curcumin is safe in
humans (67), its use in patients with acute liver injury
can be evaluated based on these results.

Attenuation of thioacetamide-induced cirrhosis by
curcumin

Although progress has been made in the management of
liver cirrhosis and its complications, preventive strategies
should be beneficial in reducing the burden of this
disease. Based on these facts, Bruck et al. (68) studied

the preventive effect of curcumin on TAA-induced cir-
rhosis. TAA, although not toxic in itself, is converted into
potent toxic substances by cytochromes (69). Hepatic
damage is produced by the action of these reactive
compounds (70) and possibly by activating NF-kB (66,
71). The type of liver injury induced by TAA depends on
the dosage and duration of its administration: high doses
can produce FHF (72), whereas lower doses administered
periodically can lead to cirrhosis (54). In the study of
Bruck et al. (68), rats that received biweekly, i.p. injec-
tions of TAA for 12 weeks developed liver cirrhosis,
manifested by a gross macroscopic appearance, liver
histopathology, hepatic hydroxyproline content and in-
creased spleen weight; the liver showed hepatic stellate
cells (HSC) activation determined as increased expres-
sion of a-smooth muscle actin and type I collagen gene
expression. Curcumin (300 mg/kg/day/12 weeks) co-ad-
ministration to TAA-treated rats resulted in a significant
improvement of all alterations observed in the group
receiving TAA alone. The protective effect of curcumin
against liver fibrosis may be associated with its ability to
inhibit NF-kB in Kupffer cells and infiltrating macro-
phages (35), therefore preventing liver inflammation,
necrosis and apoptosis.

In order to further explore the potential antifibrotic
actions of curcumin, Bruck et al. (68) studied whether
curcumin would have a fibrolytic effect on established
TAA cirrhosis. Unfortunately, administration of curcu-
min for 4 or 6 weeks to rats that already received TAA for
12 weeks did not reduce hepatic hydroxyproline levels or
spleen weights, suggesting that curcumin exerts no
beneficial effects on pre-established TAA-induced cirrho-
sis. This is in agreement with the observations in the
same study that curcumin showed no in vitro effect on
HSC. The failure of curcumin to inhibit HSC profibro-
genic activity observed by Bruck et al. (68) is not in
agreement with a previous study (72); the use of different
HSC cell lines may explain this discrepancy. The most
relevant result of this study is that curcumin prevented
the development of hepatic cirrhosis induced by TAA.
Because curcumin is safe for consumption by humans, it
may have a beneficial role in chronic liver diseases
characterized by ongoing necroinflammation.

Effects on cholestasis and biliary cirrhosis

Cirrhosis produced by bile duct ligation (BDL) in the rat
is a useful model to evaluate possible beneficial drugs
(73). Cirrhosis is accompanied by a perturbation in liver
homeostasis with the release of cytokines and signalling
molecules (74). One of the most important profibrogenic
cytokines, transforming growth factor- b (TGF-b), is
central to the development of fibrosis through its stimu-
lating properties on ECM production and inhibitory
effect on its removal (75). TGF-b plays an important role
in initiating and promoting the activation of HSC to
myofibroblasts during hepatic fibrogenesis. The TGF-b
expression is elevated in experimental and human liver
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diseases ranging from hepatitis and cholestasis to cirrho-
sis (76, 77).

Curcumin blocks the profibrotic actions of TGF-b and
has been reported to prevent fibrosis in a TGF-b-driven
model of fibrotic lung (78) and kidney (79) disease.
Recently, we showed that curcumin protects against
inflammation and oxidative stress in carbon tetrachlor-
ide (CCl4)-induced acute hepatic injury (80). It was also
found that curcumin prevents TAA-induced cirrhosis
(68), but the role of TGF-b was not studied. Therefore,
Reyes-Gordillo et al. (80) studied the effect of curcumin
on BDL-induced cirrhosis and possible mechanisms like
TGF-b downregulation and oxidative stress participa-
tion. Rats were bile duct obstructed for 4 weeks and
curcumin was administered at a dose of 100 mg/kg, p.o.,
daily. Serum ALT activity increased about two-fold after
BDL; as expected in a model of cholestasis, g-GTP and
bilirubins were highly increased by BDL (22.5- and
seven-fold respectively). Curcumin treatment partially,
but significantly, prevented the increase of these serum
markers of liver damage. Haematoxylin and eosin stain-
ing of liver sections showed important areas of necrosis
in the BDL group that were absent in the BDL1curcu-
min group, confirming the ALT observations. Liver
glutathione levels were measured as an indicator of
oxidative stress at the hydrophilic level. GSH, GSH/GSSG
ratio and total (GSH1GSSH) glutathione decreased
significantly in the BDL group; in contrast, curcumin
administration increased glutathione levels in BDL and
in rats administered curcumin alone. The main source of
energy in the liver, glycogen, was depleted by BDL, while
curcumin maintained the normal levels. Fibrosis, mea-
sured by the liver content of hydroxyproline and visua-
lized by trichromic staining, increased five-fold by BDL;
this effect was prevented partially but significantly by
curcumin. Numerous studies have shown that TGF-b
treatment upregulates the expression of various profi-
brotic genes (75). The results of Reyes-Gordillo et al. (80)
show increases in TGF-b mRNA in livers from BDL rats;
importantly, curcumin treatment markedly inhibited this
increase. TGF-b protein was also increased by BDL, but
significantly inhibited by curcumin.

It can be concluded that curcumin attenuates experi-
mental fibrosis of various aetiologies including biliary
cirrhosis and that some of the mechanisms include NF-
kB and TGF-b downregulation and its anti-oxidant
properties.

Effects on acute and subacute carbon tetrachloride
toxicity

Acute toxicity to the liver induces necrosis, inflammation
and oxidative stress of hepatocytes (73). Recently, it has
been suggested that hepatocellular injury is because of
the inflammatory cells that have been attacked by the
stressed hepatocytes (74). The inflammatory response is
mediated by cytokines, mainly interleukin-1b (IL-1b)
and tumour necrosis factor-a (TNF-a); these cytokines

may induce an acute-phase response or modulate the
effects of IL-6 (81). The relevance of these cytokines in
liver damage is demonstrated by evidence that circulating
levels of IL-1b and TNF-a are elevated in rats that
develop hepatic injury (74). It is also known that
inflammatory events are regulated by NF-kB activation
by the release of IL-1b and TNF-a (82). NF-kB is an
important regulator of the expression of genes encoding
cytokines (71) including IL-1b and TNF-a. Therefore, a
vicious cycle is established in the damaged liver: IL-1b
and TNF-a induce NF-kB activity and these factors
increase the production of additional IL-1b and TNF-a.
This cycle destroys the hepatic parenchyma and impairs
liver function. Therefore, NF-kB is a suitable target to
treat liver diseases (71). Studies involving systemic cur-
cumin administration have demonstrated its beneficial
effects by modulating NF-kB activity (35); in addition,
the ability of curcumin to scavenge a variety of ROX (83)
makes this compound a suitable tool to be studied in
CCl4-induced liver damage.

Park et al. (84) studied the protective effect of curcu-
min in acute and subacute rat liver injury induced by
CCl4. In acutely liver-damaged rats (0.2 ml/kg, i.p.), AST
and ALT serum activities were increased to 340 and 397%
as compared with control animals. Treatment with
curcumin (100 or 200 mg/kg) significantly prevented the
increase of these enzymes. In the subchronic liver da-
mage, CCl4 was administered by gavage (1 ml/kg, mixed
with an equal volume of corn oil) twice a week for 4
weeks; curcumin (50 or 100 mg/kg, daily) was adminis-
tered along with CCl4. Serum activities of alkaline
phosphatase, AST and ALT increased by subacute CCl4
intoxication, 1041, 840 and 1653%, respectively, while
serum albumin levels decreased 22%. Curcumin
(100 mg/kg) prevented partially, but significantly, these
alterations. A 50 mg/kg dose of curcumin showed modest
and no significant effects on these parameters.

The liver hydroxyproline content increased to 277% in
subacutely intoxicated rats as compared with controls;
daily administration of 100 mg/kg of curcumin main-
tained the liver hydroxyproline content within normal
levels. The malondialdehyde in the livers of CCl4-treated
animals for 4 weeks increased significantly, but again,
curcumin maintained normal lipid peroxidation degree.

In summary, the study of Park et al. (84) demonstrated
that curcumin can effectively inhibit the hepatic damage
produced by either acute or subacute CCl4 treatment as
monitored by serum biochemical parameters, fibrosis
and lipid peroxides in the liver.

The ability of oral curcumin (200 mg/kg) to prevent
acute CCl4 (4 g/kg, p.o.) intoxication was studied recently
(85). Acute CCl4 administration produced liver injury
measured by serum ALT, g-GTP and bilirubins, and by
histopathological analysis. The damage was associated
with a decreased hepatic GSH/GSSG ratio, indicating
oxidative stress. Furthermore, NF-kB was activated and
pro-inflammatory cytokines upregulated by this factor,
IL-1b, TNF-a and IL-6, increased several fold. Curcumin
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treatment prevented all the alterations induced by acute
CCl4 intoxication (85). It seems likely that the anti-
oxidant properties of curcumin (83) and its ability to
inactivate NF-kB (35), and thus pro-inflammatory cyto-
kine production (86), are the most important mechan-
isms of action of curcumin to prevent acute CCl4-
induced liver injury.

Reversion of carbon tetrachloride cirrhosis

As shown previously, the ability of curcumin to prevent
acute and chronic liver damage has been demonstrated in
different models (CCl4, TAA and BDL). However, the
capacity of this compound to reverse well-established
cirrhosis was not demonstrated. This is a very interesting
point because usually patients are treated when the
disease is already present.

Advanced cirrhosis is generally considered to be an
irreversible process even after removal of the causative
agent. The disease seems to be characterized by the
inability of the damaged liver to remodel the fibrotic
parenchyma (75). Discontinuation of CCl4 after 2
months of chronic (three times per week) treatment is
usually followed by rapid fibrosis remission (87). There-
fore, based on previous observations (88), we decided to
perform the evaluation of curcumin to reverse CCl4 well-
established cirrhosis by using a prolonged CCl4 treat-
ment (3 months vs. the 2 months normally used in
experimental protocols); after 3 months of chronic CCl4
administration, the toxin was discontinued and curcu-
min (100 mg/kg, p.o., daily) was administered for 2
months; a group receiving vehicle was studied to monitor
spontaneous resolution of liver damage (80). ALT activity
increased significantly after 3 months of chronic CCl4
administration. Importantly, discontinuation of CCl4
produced a further increase in plasma ALT; curcumin
treatment for 2 months of rats pretreated with CCl4
restored the levels of ALT enzyme activity to normal
values. Because it is well known that oxidative stress
participates in the damage caused by CCl4, glutathione
was evaluated: an important decrement in GSH, GSH/
GSSG ratio and total glutathione produced by CCl4
administration for 3 months was observed. Interestingly,
discontinuation of the toxin increased oxidative stress at
the hydrophilic level as the GSH, GSH/GSSG ratio and
GSH1GSSG were lower than those in rats treated with
CCl4 for 3 months. Very importantly, administration of
curcumin for 2 months resulted in normalization of
glutathione levels.

Hepatic fibrosis occurs as a result of an imbalance
between fibrogenesis and fibrolysis and is a major factor
contributing to liver failure in cirrhotic patients. Admin-
istration of CCl4 for 3 months led to a five-fold increase
in the collagen content; curcumin administration to
these rats for 2 months produced a partial but significant
reversion of CCl4-induced fibrosis. Liver glycogen con-
tent was found to be decreased because of CCl4 admin-
istration and discontinuation of CCl4 led to a further

decrease of glycogen; importantly, curcumin-restored
control glycogen levels (80).

It has been considered that the beneficial effects of
curcumin are mediated, in part, by its anti-oxidant
defence ability and the scavenging of free radicals;
furthermore, curcumin is 10 times more active as an
anti-oxidant than vitamin E (89). CCl4 decreases the
anti-oxidant capacity of the liver (73, 90) even after CCl4
discontinuation for 2 months (80); thus, the anti-oxidant
activity of curcumin may account for its beneficial
properties in the reversion of cirrhosis. Curcumin also
demonstrated its ability to restore glycogen levels pre-
viously depleted by hepatic injury induced by CCl4
administration; Pari and Murugan (91) reported the
ability of curcumin to preserve blood glucose levels. They
attributed this action to the ability of curcumin to restore
the altered activities of the enzymes 6-phosphate dehy-
drogenase and glucose-6-phosphatase that participate in
gluconeogenesis and glucogenolysis. The same mechan-
ism may be responsible for the recuperation of glycogen
in the liver.

Liver recovery from fibrosis involves the degradation
of fibrous bands. Metalloproteinase enzymes (MMPs),
especially pro-MMP-2 and proMMP-9, as well as their
active forms, are responsible for the degradation of
matrix proteins like gelatin, collagen IV, collagen V,
fibronectin and elastin (92, 93). It has been reported that
curcumin upregulates the expression and activity of
matrix pro-MMP-2 and proMMP-9 in human bronchial
epithelial cells, and during the prevention and healing of
indomethacin-induced gastric ulcers (94, 95). Thus, the
reversion of liver fibrosis observed by Reyes-Gordillo
et al. (80) may be explained through modulation of
MMPs; in addition, downregulation of NF-kB and TGF-
b and other cytokines may provide likely antifibrotic and
fibrolytic mechanisms (71, 85). Furthermore, Kang et al.
(96) reported that curcumin inhibits collagen synthesis
and HSC activation in vivo and in vitro, supporting the
ability of curcumin to reverse CCl4 fibrosis (85).

Conclusions

Curcumin has shown beneficial properties in diverse
experimental models of liver damage. It prevents liver
damage induced by aflatoxins, iron overdose, erythro-
mycin estolate, ethanol, TAA acute and chronic intox-
ication, cholestasis (BDL) and acute, subacute and
chronic CCl4 intoxication; moreover, it reverses CCl4
cirrhosis to some extent. Curcumin may act at several
molecular targets, but two have been utilized the most
to explain its pharmacological properties: one is its
anti-oxidant effect and the other is its ability to inhibit
NF-kB factors. Oxidative stress plays a causative role
in most liver disorders and models of hepatic injury,
while NF-kB is responsible for the transcription of
the fundamental mediators of inflammation and liver
damage.
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In the case of acute CCl4 intoxication, for example,
oxidative stress and expression of pro-inflammatory
cytokines like TNF-a, IL-1b and IL-6 (all of them
upregulated by NF-kB) and activation of NF-kB were
associated with increases in several markers of liver
damage and distortion in the hepatic microscopical
structure; curcumin pretreatment prevented oxidative
stress, activation of NF-kB and liver damage. Similarly,
in biliary cirrhosis, curcumin showed antifibrogenic
properties associated with a downregulation of the most
profibrotic cytokine, TGF-b. Reversion of CCl4-induced
cirrhosis by curcumin is, perhaps, the most exciting
discovery due to its possible implications in human
chronic liver disease. However, there is only one report
supporting the ability of the compound to reverse the
disease. Therefore, more basic and even clinical (due to
the low toxicity of curcumin) studies are urgently needed
before this drug can be recommended for the treatment
of human acute and chronic liver disorders.
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