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Nanji, Amin A., Kalle Jokelainen, George L. Tipoe,
Amir Rahemtulla, Peter Thomas, and Andrew J. Dan-
nenberg. Curcumin prevents alcohol-induced liver disease
in rats by inhibiting the expression of NF-�B-dependent
genes. Am J Physiol Gastrointest Liver Physiol 284:
G321–G327, 2003. First published August 28, 2002; 10.1152/
ajpgi.00230.2002.—Induction of NF-�B-mediated gene ex-
pression has been implicated in the pathogenesis of alcoholic
liver disease (ALD). Curcumin, a phenolic antioxidant, inhib-
its the activation of NF-�B. We determined whether treat-
ment with curcumin would prevent experimental ALD and
elucidated the underlying mechanism. Four groups of rats (6
rats/group) were treated by intragastric infusion for 4 wk.
One group received fish oil plus ethanol (FE); a second group
received fish oil plus dextrose (FD). The third and fourth
groups received FE or FD supplemented with 75 mg �
kg�1 �day�1 of curcumin. Liver samples were analyzed for
histopathology, lipid peroxidation, NF-�B binding, TNF-�,
IL-12, monocyte chemotactic protein-1, macrophage inflam-
matory protein-2, cyclooxygenase-2 (COX-2), inducible nitric
oxide synthase (iNOS), and nitrotyrosine. Rats fed FE de-
veloped fatty liver, necrosis, and inflammation, which was
accompanied by activation of NF-�B and the induction of
cytokines, chemokines, COX-2, iNOS, and nitrotyrosine for-
mation. Treatment with curcumin prevented both the patho-
logical and biochemical changes induced by alcohol. Because
endotoxin and the Kupffer cell are implicated in the patho-
genesis of ALD, we investigated whether curcumin sup-
pressed the stimulatory effects of endotoxin in isolated
Kupffer cells. Curcumin blocked endotoxin-mediated activa-
tion of NF-�B and suppressed the expression of cytokines,
chemokines, COX-2, and iNOS in Kupffer cells. Thus cur-
cumin prevents experimental ALD, in part by suppressing
induction of NF-�B-dependent genes.

antioxidants; cyclooxygenase; nitric oxide

THERE IS CONSIDERABLE EVIDENCE that endotoxin and oxi-
dative stress contribute to alcoholic liver disease (ALD)

(14, 15, 25, 27). For example, chronic alcohol adminis-
tration results in increased levels of endotoxin in the
portal circulation, thereby activating Kupffer cells to
produce toxic mediators that cause liver injury (24, 37).
Transcription NF-�B, a key regulator of genes involved
in inflammation, is activated by endotoxin or oxidative
stress (2). In unstimulated cells, NF-�B is sequestered
in the cytoplasm by association with the inhibitor �B
(I�B) family of inhibitors. After stimulation, I�B un-
dergoes phosphorylation, ubiquitination, and subse-
quent proteolysis, enabling NF-�B to translocate to the
nucleus, in which it regulates the transcription of tar-
get genes (2, 3, 18). Numerous target genes have been
implicated in the pathogenesis of ALD, including
TNF-�, IL-12, monocyte chemotactic protein-1 (MCP-
1), macrophage inflammatory protein-2 (MIP-2), induc-
ible nitric oxide synthase (iNOS), and cyclooxygenase-2
(COX-2) (19, 21, 23, 26, 29). Recently, work was carried
out to test the hypothesis that inhibiting the activation
of NF-�B would protect against experimental ALD
(39). Inhibition of NF-�B by delivery of an adenoviral
vector encoding the transgene for an I�B superrepres-
sor prevented alcohol-induced liver injury (39). On the
basis of this finding, it is of considerable importance to
determine whether pharmacological approaches can be
developed to suppress the activation of NF-�B and
thereby prevent ALD.

Phenolic antioxidants are a class of dietary com-
pounds that possess anti-inflammatory properties (13).
Curcumin (diferuloylmethane) is a representative phe-
nolic antioxidant found in the dietary spice turmeric
(Fig. 1) (6). It is derived from the rhizome of the plant
Curcuma longa and exhibits antioxidant, anti-inflam-
matory, and anticancer properties (40). Curcumin has
been used as a folk remedy and is currently undergoing
clinical testing in humans (4). Importantly, it has been
observed to suppress the activation of NF-�B (30, 33,
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36), raising the possibility that it might be useful in
preventing ALD.

The principal goal of the present study was to deter-
mine whether treatment with curcumin could suppress
the expression of NF-�B-dependent genes and prevent
ALD. The intragastric feeding rat model for ALD was
used, because it is well established and permits the
correlation of histological and biochemical parameters
(8, 9, 38). Evidence is presented that curcumin pre-
vented ALD, at least in part, by inhibiting lipid peroxi-
dation, activation of NF-�B, and expression of pro-
inflammatory mediators. Consistent with previous
findings (37, 39), the Kupffer cell appears to be cen-
trally involved in this process.

MATERIALS AND METHODS

Animal model and isolation of Kupffer cells. Male Wistar
rats (Harlan Sprague Dawley, Indianapolis, IN) weighing
between 225 and 250 g were fed a liquid diet by continuous
infusion through permanently implanted gastric tubes as
previously described (9, 38). Ethanol and diet were adminis-
tered continuously by a single gastric cannula. This was
achieved by joining two tubes, one carrying ethanol from one
syringe pump and the other carrying diet from a second
pump, so that ethanol and diet could be varied at will. The
dose of ethanol was increased slowly, as tolerance developed,
to maintain blood alcohol levels in the range of 150–300
mg/dl. The starting dose was 8 g �kg�1 �d�1; the final dose was
16 g �kg�1 �d�1. Each ethanol-fed rat had 4–6 measurements
of blood alcohol; the blood sample was obtained at 10 AM.

Four groups (6 rats/group) of rats were treated for 4 wk
before being killed. Rats in the first group were administered
fish oil plus ethanol (FE). This diet is known to cause ALD in
the rat (25). A second group of rats was fed fish oil plus
dextrose (FD). The third and fourth groups received FE or FD
supplemented with 75 mg �kg�1 �day�1 curcumin (Sigma, St.
Louis, MO). This dose of curcumin has been used safely in
previous studies (6, 41). The curcumin was stored in opaque
containers to protect it from light. All animals received hu-
mane care in compliance with the Guide for the Care and Use
of Laboratory Animals [DHEW Publication No. (NIH) 85-23,
Revised 1985, Office of Science and Health Reports, DRR/
NIH, Bethesda, MD 20205]. Kupffer cells were isolated from
livers of male Sprague-Dawley rats using previously estab-
lished procedures (12).

Histopathological analysis. A small sample of liver was
obtained at death and fixed in formalin. Hematoxylin-eosin
stain was used for light microscopy. The severity of liver
pathology was assessed as steatosis (the percentage of liver
cells containing fat): 1�, �25%; 2�, 26–50%; 3�, 51–75%;
4�, �75%. Necrosis was evaluated as the number of necrotic
foci per square millimeter; inflammation was scored as the
number of inflammatory cells per square millimeter. At least
three different sections were examined per sample of liver.

Measurements of blood alcohol, serum alanine aminotrans-
ferase, conjugated dienes, and thiobarbituric acid-reacting

substances. Blood was collected from the tail vein, and etha-
nol concentration was measured using a kit from Sigma.
Serum alanine aminotransferase (ALT) was measured using
an automated analyzer (model Hitachi 747; Boehringer-
Mannheim, Indianapolis, IN) (8). Conjugated dienes and
thiobarbituric acid-reacting substances (TBARS) were mea-
sured as previously described (31).

Determination of NF-�B binding activity and levels of I�B�
in liver tissue and Kupffer cells. The livers were fractionated,
and nuclear extracts were used to determine NF-�B binding
activity as described previously (16, 17, 23). Liver cytosols
were used to determine amounts of I�B�. Nuclear fractions
were obtained from Kupffer cells as described previously (12)
by using an adaptation of the method of Schrieber et al. (35).
As in previous studies (23), specificity of NF-�B binding was
confirmed by competition assays and the ability of a specific
antibody to supershift protein-DNA complexes. In competi-
tion assays, the addition of a 100-fold excess of unlabeled
competitor consensus oligonucleotide prevented binding. Su-
pershift experiments confirmed the presence of the p50 sub-
unit in the binding complex. Western blot analysis for I�B�
was conducted using 50 �g of cytosolic protein. Samples were
electrophoresed on a 10% sodium dodecyl sulfate-polyacryl-
amide gel. After transfer, the nitrocellulose membrane was
incubated with an anti-I�B� antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA) at a dilution of 1:500. Membranes
were incubated with a secondary antibody (horseradish per-
oxidase-conjugated goat anti-rabbit IgG). Antibody-reactive
bands were visualized by the use of an enhanced chemilumi-
nescence assay using reagents from New England Nuclear-
Life Science Products (Wilmington, DE).

Analysis of mRNAs for COX-1, COX-2, iNOS, TNF-�, IL-
12, MCP-1, MIP-2, and �-actin by RT-PCR. To examine the
expression of COX-1, COX-2, iNOS, TNF-�, IL-12, MCP-1,
MIP-2, and �-actin in liver tissue and Kupffer cells, total
RNA was isolated according to the guanidium isothiocyanate
method (6). Integrity of RNA was assessed by agarose gel
electrophoresis and ethidium bromide staining. RT-PCR was
performed essentially as described previously (26). The se-
quences of primer pairs (5� and 3�) and PCR conditions have
been reported previously (21, 22, 28, 29). To normalize sig-
nals from the different RNA samples, we amplified 2 �l of the
same reverse-transcriptase reaction with �-actin-specific
primers. PCR products and molecular weight markers were
subjected to electrophoresis on 1% agarose gels and visual-
ized by means of ethidium bromide staining.

Immunohistochemical analysis. Sections were immuno-
stained with antiserum to iNOS and nitrotyrosine using a
DAKO Envision kit. Sections were deparaffinized in xylene
and rehydrated through graded ethanol concentrations. To
block endogenous peroxidase activity, the sections were im-
mersed in 3% hydrogen peroxide for 5 min at room temper-
ature. Sections were preincubated with 10% normal horse
serum for 1 h to reduce nonspecific binding of the antiserum.
The sections were then incubated overnight at 4°C with
antibodies to iNOS (Transduction Laboratories, San Diego,
CA) and nitrotyrosine (Upstate Biotechnology, New York,
NY), respectively. Antibodies were diluted at 1:100 in 0.05 M
Tris �HCl buffer containing 2% bovine serum albumin. Sec-
tions were washed three times in PBS, then incubated with
peroxidase-labeled polymer conjugated to goat anti-rabbit
IgG in Tris �HCl for 30 min at 37°C. Finally, sections were
washed and the peroxidase was visualized by immersion in
0.05% diaminobenzidine containing 0.03% hydrogen perox-
ide in Tris �HCl buffer (pH 7.5) for 3 min. Sections were
rinsed in distilled water and counterstained with hematoxy-

Fig. 1. Structure of curcumin.
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lin. Positive staining was indicated by a brown color. Control
sections were incubated with normal rabbit IgG.

Statistical analysis. Results are presented as means 	 SD
unless otherwise indicated. Analysis of variance and multiple
comparisons with the Student-Newman-Kuels method were
used to determine statistical significance, which was set at
P 
 0.05.

RESULTS

In each of the four groups, the rats increased their
weight at a constant rate. Moreover, there was no
difference in weight gain among the groups. There was
also no difference in levels of blood alcohol in the two
alcohol-fed groups (FE, 232 	 37 mg/dl; FE-curcumin,
214 	 31 mg/dl).

Curcumin inhibits alcohol-induced liver injury and
lipid peroxidation. Feeding rats the FE diet for 4 wk
caused fatty liver, necrosis, and inflammation (Table
1) (Fig. 2). These histological changes were associ-
ated with elevated levels of ALT and lipid peroxida-
tion (conjugated dienes, TBARS) (Table 1). Impor-
tantly, treatment with curcumin prevented both

alcohol-induced necrosis and inflammation. The de-
gree of fatty liver also decreased in curcumin-treated
rats. Consistent with the improved histology, treat-
ment with curcumin was associated with a corre-
sponding reduction in levels of ALT and lipid peroxi-
dation. Neither histological nor biochemical evidence
of liver injury was detected in rats that received FD
or FD-curcumin diets.

Effect of curcumin on activation of NF-�B in liver.
Electromobility shift assays were carried out to de-
termine NF-�B binding activity in the livers of rats
in the different groups. As shown in Fig. 3, the FE
diet led to increased NF-�B binding activity com-
pared with the FD diet. Interestingly, curcumin pre-
vented the activation of NF-�B in rats fed the FE diet
consistent with its ability to inhibit lipid peroxida-
tion and liver injury. To determine whether activa-
tion of NF-�B was a consequence of degradation of
I�B�, we determined levels of I�B� in the cytosolic
fraction of the liver. Very low levels of I�B� were
detected in the FE group (Fig. 3). By contrast, higher

Table 1. Pathological changes, ALT activity, and lipid peroxidation in the experimental groups

Experimental Group
Fatty Liver,

0–4
Necrosis,
foci/mm2

Inflammation,
cells/mm2

ALT activity,
5–35 U/l

A232,
conjugated

dienes

TBARS,
nmol/mg
protein

Fish oil-dextrose 0 0 0.04	0.02 14	6 0.34	0.07 0.31	0.09
Fish oil-dextrose

� curcumin 0 0 0 15	3 0.29	0.08 0.39	0.06
Fish oil � ethanol 4.0	0.0† 1.1	0.5‡ 21.7	8.8‡ 78	13‡ 1.4	0.29‡ 1.70	0.22‡
Fish oil � ethanol

� curcumin 2.0	0.8*† 0 0 32	6† 0.58	0.09§ 0.69	0.04§

Values are means 	 SD; n � 6 rats. ALT, alanine aminotransferase; A232, conjugated dienes; TBARS, thiobarbituric acid-reacting
substances. *P 
 0.05 vs. fish oil-ethanol; †P 
 0.01 vs. dextrose-fed groups; ‡P 
 0.01 vs. other groups; §P 
 0.05 vs. dextrose-fed groups.

Fig. 2. A: liver from a rat fed fish oil
and ethanol for 4 wk shows the pres-
ence of fatty liver, necrosis, and in-
flammation (magnification, �400). B:
liver from a rat fed fish oil ethanol and
treated with curcumin. Note the ab-
sence of necrosis and inflammation
and the reduction in the degree of fatty
liver. C and D: livers from rats fed fish
oil and dextrose (C) and fish oil-dex-
trose and curcumin (D) showing nor-
mal liver architecture.
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levels of I�B� were detected in the other groups
including the FE-curcumin group.

Effect of curcumin on TNF-�, IL-12, MCP-1, MIP-2,
COX-2, and iNOS mRNAs in liver. Various NF-�B-
responsive genes including TNF-�, IL-12, MCP-1,
MIP-2, COX-2 and iNOS are overexpressed in experi-
mental ALD (21, 22, 23). Because the levels of these
mRNAs are generally too low to detect by Northern
blot or ribonuclease protection assays, RT-PCR was
carried out. As predicted from previous studies (21, 22,
23), we detected markedly elevated levels of these
proinflammatory mediators in the livers of rats fed FE
vs. FD diet (Fig. 4). Remarkably, treatment with cur-
cumin resulted in a normalization of levels of each of
the above proinflammatory mediators. Nitric oxide, a
free radical product of iNOS, can potentially damage
the liver. It is noteworthy, therefore, that there was a
marked reduction in nitrotyrosine immunoreactivity in
the livers of rats treated with FE-curcumin vs. FE (Fig.
5). Levels of COX-1 mRNA, the constitutive isoform of
COX, were similar in all groups (Fig. 4).

Curcumin inhibits endotoxin (LPS)-mediated activa-
tion of NF-�B-responsive genes in Kupffer cells. Endo-
toxin-mediated activation of gene expression in
Kupffer cells has been linked to the pathogenesis of
ALD (37, 39). Hence, it was of interest to determine
whether the effects observed in whole liver could be
reproduced in isolated Kupffer cells. Under basal con-
ditions, we did not detect significant NF-�B binding
activity or iNOS, COX-2, MIP-2, MCP-1, IL-12, and
TNF-� message (data not shown). As shown in Fig. 6,
treatment with endotoxin stimulated NF-�B binding
and induced the expression of each of the above proin-
flammatory mediators. This inductive effect of endo-
toxin was blocked by curcumin, consistent with our
findings in whole liver (Fig. 4).

DISCUSSION

Treatment of alcohol-induced liver disease remains
limited to supportive measures (10, 20). Undoubtedly,
the development of effective therapy to prevent or treat
ALD will depend on elucidating the underlying mech-

anisms that contribute to liver injury. Several lines of
evidence suggest that the induction of NF-�B-depen-
dent gene expression in Kupffer cells contributes to
alcohol-induced liver injury (15, 16, 27, 39). In support
of this hypothesis, gene therapy has been used to
inhibit the activation of NF-�B and thereby prevent
experimental ALD (39). Given the current limitations
of this approach (42), it would be highly desirable if a
pharmacological strategy could be developed to sup-
press the activation of NF-�B and prevent ALD.

In the present study, we found that alcohol-induced
liver injury was associated with increased amounts of
lipid peroxidation and the induction of multiple NF-
�B-dependent genes including TNF-�, IL-12, MCP-1,
MIP-2, COX-2, and iNOS. Each of these genes has been
implicated in the pathogenesis of liver injury (7, 22, 23,
26, 27, 39). In addition to preventing alcohol-induced
necroinflammatory changes, treatment with curcumin
prevented lipid peroxidation and the expression of the
above NF-�B-dependent genes. Although curcumin is
known to inhibit the activation of NF-�B and suppress
inflammation (30, 33, 36), this is the first time it has
been shown to prevent ALD. Whether curcumin can
also be used to treat established ALD is uncertain and
requires further investigation. Because curcumin can
be given safely to humans (32, 34), the results of this
study have potentially important therapeutic implica-
tions for individuals at risk for ALD. Clinical trials will
be necessary to evaluate this question.

Another important issue concerns the locus of action
of curcumin. Although NF-�B appears to be a key
mediator of the inflammatory response in Kupffer cells,
it functions as a survival factor in hepatocytes under

Fig. 4. RT-PCR analysis of monocyte chemotactic protein-1 (MCP-1),
macrophage inflammatory protein-2 (MIP-2), cyclooxygenase-2
(COX-2), inducible nitric oxide synthase (iNOS), COX-1, and �-actin
was carried out in liver samples from the different groups. One
microgram of RNA was subjected to reverse transcription as detailed
in MATERIALS AND METHODS. PCR products were subjected to electro-
phoresis on 1% agarose gels and visualized by ethidium bromide
staining. mRNAs for cytokines, chemokines, COX-2, and iNOS were
detected only in the FE group and not in the other treatment groups.
COX-1 was detected in all groups. FE-C, FE supplemented with
curcumin; FD-C, FD supplemented with curcumin.

Fig. 3. Curcumin inhibits the activation of NF-�B in alcoholic liver
disease (ALD). Representative electrophoretic mobility shift assay
for NF-�B binding and Western blot analysis for inhibitor �B�
(I�B�). Increased NF-�B binding activity was observed in rats fed
fish oil and ethanol (FE) (lane 1) compared with rats fed the FE diet
supplemented with curcumin (lane 2). Similarly, NF-�B binding
activity was low or undetectable in rats fed fish oil and dextrose (FD)
(lane 3) or FD supplemented with curcumin (lane 4). Levels of I�B�
in cytosol were decreased in the FE group compared with other
groups.
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certain physiological conditions, e.g., liver regenera-
tion (42). Consequently, suppression of NF-�B activity
can have beneficial or deleterious effects depending on
the condition being studied (11). Several investigators
have presented evidence that endotoxin-activated
Kupffer cells produce toxic mediators, such as proin-

flammatory cytokines and reactive oxygen species,
leading to ALD (23, 27, 37). Hence, we investigated
whether curcumin blocked endotoxin-mediated induc-
tion of NF-�B-dependent gene expression in isolated
Kupffer cells. Curcumin caused dose-dependent sup-
pression of endotoxin-mediated induction of NF-�B
binding activity (Fig. 6). It also blocked the expression
of the same panel of genes in endotoxin-treated
Kupffer cells observed in the livers of alcohol-treated

Fig. 7. Schematic illustrating proposed mechanism by which cur-
cumin prevents ALD. Treatment with alcohol causes increased levels
of endotoxin in the portal circulation and oxidative stress. This
results, in turn, in the activation of multiple NF-�B-responsive genes
including proinflammatory cytokines, chemokines, COX-2, and
iNOS. Curcumin, a phenolic antioxidant, inhibits lipid peroxidation
and the activation of the above NF-�B-responsive genes, thereby
protecting against ALD.

Fig. 5. Immunostaining for iNOS and
nitrotyrosine in rats treated with FE
compared with FE-C. A: strong stain-
ing for iNOS was present in the hepa-
tocytes in the FE group. B: intensity of
staining was decreased in the hepato-
cytes of FE-C rats. C and D: degree of
staining for nitrotyrosine paralleled
the increased staining for iNOS in FE
rats (C) and was decreased by treat-
ment with curcumin (D).

Fig. 6. Curcumin inhibits NF-�B binding activity and the expression
of TNF-�, IL-12, MCP-1, MIP-2, COX-2, and iNOS in endotoxin-
treated Kupffer cells. Isolated Kupffer cells were treated with vehicle
or the indicated concentrations of curcumin for 1 h before treatment
with LPS (100 ng/ml). At 15 min after adding LPS, the Kupffer cells
were harvested and washed three times with PBS. Electrophoretic
mobility shift assays were performed to assess NF-�B binding activ-
ity. Levels of mRNA for cytokines, chemokines, COX-2, and iNOS
were assessed by RT-PCR. Treatment with curcumin inhibited
NF-�B binding activity and the expression of TNF-�, IL-12, MCP-1,
MIP-2, COX-2, and iNOS in endotoxin treated cells.
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rats (Fig. 4). Interestingly, lower concentrations of cur-
cumin were required to maximally suppress levels of
iNOS, COX-2, and MIP-2 vs. IL-12 and MCP-1 in
endotoxin-treated Kupffer cells. Currently, we do not
have an explanation for this difference in response to
curcumin. Our data do not permit us to exclude the
possibility that curcumin had direct effects on other
cell types in the liver, e.g., hepatocytes, in addition to
Kupffer cells. In fact, we found that treatment with
curcumin led to a reduction in levels of iNOS and
nitrotyrosine in hepatocytes. We also cannot exclude
the possibility that oxidant stress is increased second-
ary to activation of NF-�B (39, 42). Nonetheless, the
benefits of suppressing the proinflammatory effects of
NF-�B activation in the Kupffer cell appear to out-
weigh any potentially detrimental effects involving
other cell types.

Reduction in the severity of fatty liver in the cur-
cumin-treated rats should also be noted. Studies in
ethanol-fed rats have shown that inhibition of TNF-�
leads to a decrease in the amount of fat storage in the
liver (37). Other mechanisms, such as induction of
enhanced fatty acid catabolism, occur in the livers of
rats after curcumin treatment (1). A decrease in he-
patic fat accumulation in ethanol-fed rats is also ob-
served in response to antioxidant therapy (14). Thus
multiple mechanisms are probably involved in the re-
duction of the degree of fat accumulation observed in
curcumin-treated rats in the present study.

The pathogenesis of ALD is complex. In the present
study, we showed that curcumin, a dietary phenolic
antioxidant, was highly effective in preventing experi-
mental ALD. In addition to preventing alcohol-induced
liver injury, it blocked lipid peroxidation, the activa-
tion of NF-�B, and the expression of proinflammatory
cytokines and chemokines, iNOS and COX-2 (Fig. 7).
Developing compounds that target specific molecules,
such as COX-2, is useful for treating certain inflamma-
tory conditions, such as arthritis. By contrast, this
study suggests that agents that prevent the activation
of a transcription factor, i.e., NF-�B, will suppress
expression of a series of proinflammatory molecules
and thereby prevent ALD. Ultimately, clinical trials
will be needed to determine whether agents, such as
curcumin, that inhibit the activation of NF-�B will be
effective in preventing and possibly treating alcohol-
induced liver injury in humans.
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