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Curcumin: potential for hepatic fibrosis therapy?

MA O’ Connell and SA Rushworth
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The beneficial antioxidative, anti-inflammatory and antitumorigenic effects of curcumin have been well documented in
relation to cancer and other chronic diseases. Recent evidence suggests that it may be of therapeutic interest in chronic liver
disease. Hepatic fibrosis (scarring) occurs in advanced liver disease, where normal hepatic tissue is replaced with collagen-rich
extracellular matrix and, if left untreated, results in cirrhosis. Curcumin inhibits liver cirrhosis in a rodent model and exerts
multiple biological effects in hepatic stellate cells (HSCs), which play a central role in the pathogenesis of hepatic fibrosis. In
response to liver injury, these cells proliferate producing pro-inflammatory mediators and extracellular matrix. Curcumin
induces apoptosis and suppresses proliferation in HSCs. In addition, it inhibits extracellular matrix formation by enhancing HSC
matrix metalloproteinase expression via PPARg and suppressing connective tissue growth factor (CTGF) expression. In this
issue, Chen and co-workers propose that curcumin suppresses CTGF expression in HSC by inhibiting ERK and NF-kB activation.
These studies suggest that curcumin modulates several intracellular signalling pathways in HSC and may be of future interest in
hepatic fibrosis therapy.
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Turmeric, derived from the rhizome of the herb Curcuma

longa, has been used for centuries in Asia as both a dietary

spice and a treatment for inflammation, wounds and

gastrointestinal, pulmonary and liver disorders. Curcumin

(diferuloylmethane) is regarded as the most active constitu-

ent present in turmeric and exerts potent biological effects in

vitro and in vivo (Sharma et al., 2005; Aggarwal et al., 2007). It

possesses several functional groups that exhibit antioxidant

activity (Weber et al., 2005) allowing it to modulate redox-

signalling pathways in cells. It also activates an intracellular

antioxidant defence system through its stimulation of

nuclear factor-erythroid-2-related factor 2 (Nrf2), a transcrip-

tion factor, which binds to the antioxidant response element

in the regulatory region of several genes coding for

intracellular antioxidants, cytoprotective and detoxification

proteins (Chen and Kunsch, 2004). These include haem-

oxygenase-1, NADPH–quinone oxidoreductase, ferritin and

genes that regulate intracellular glutathione (Rushworth

et al., 2006).

Curcumin also exerts potent anti-inflammatory effects in

cells inhibiting pro-inflammatory cytokines and chemo-

kines, adhesion molecules, cyclooxygenase-2, tissue factor

and inducible nitric oxide synthase (Pendurthi et al., 1997;

Sharma et al., 2005; Shishodia et al., 2007). These suppressive

effects are due to the inhibition of the NF-kB pathway and

other pro-inflammatory signalling pathways including AP-1,

Egr-1, STAT members and MAP kinases (Pendurthi et al.,

1997; Duvoix et al., 2005; Sharma et al., 2005; Shishodia

et al., 2007). Chemopreventive and chemotherapeutic effects

of curcumin have also been well documented. It inhibits cell

proliferation, induces apoptosis and growth arrest in differ-

ent phases of the cell cycle (depending on cell type) and

inhibits angiogenesis (Shishodia et al., 2007). Several

mechanisms are reported to regulate these effects including

activation of peroxisome proliferator-activated receptor g
(PPAR-g), degradation of p53, activation of pro-apoptotic

genes (including caspases, Bax and Bak family members),

downregulation of survival genes, for example Bcl2, and

inhibition of NF-kB, AP-1, Akt, MAP kinases and other

signalling pathways (Duvoix et al., 2005; Sharma et al., 2005;

Bhattacharyya et al., 2007; Shankar and Srivastava, 2007;

Shishodia et al., 2007).

Owing to these multiple biological effects, curcumin may

be of therapeutic benefit in several diseases. In animal

models, curcumin prevents development of several cancers

(Sharma et al., 2005; Shishodia et al., 2007). Curcumin also

reduces risk factors or symptoms associated with cardio-

vascular disease, type II diabetes, Alzheimer’s disease,

rheumatoid arthritis, multiple sclerosis, cataract formation,

infection and pulmonary disease (Shishodia et al., 2007). In

Phase-I clinical studies, oral administration of curcumin is

generally well tolerated at pharmacological concentrations
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(3600–8000 mg day–1 for 4 months). Preliminary Phase-I

clinical trials in patients with cancer and various inflammatory

disorders also support the use of curcumin in these diseases

although these are small studies and warrant further investiga-

tion (reviewed in Sharma et al., 2005; Hsu and Cheng, 2007).

Curcumin is also emerging as a potential therapeutic

compound in chronic liver disease, a major cause of

morbidity and mortality worldwide. Curcumin exerts bene-

ficial effects in animal models of liver injury and cirrhosis

(Park et al., 2000; Bruck et al., 2007). Liver damage, caused by

viruses, alcohol and other toxins, leads to a chronic

inflammatory process with progressive hepatic fibrosis where

normal hepatic tissue is replaced with collagen-rich extra-

cellular matrix and eventually, if left untreated, results in

cirrhosis. Hepatic stellate cells (HSCs) play a central role in

the progression of fibrosis. Following liver injury, HSCs are

activated and proliferate producing pro-inflammatory cyto-

kines and chemokines, growth factors, pro-fibrogenic cyto-

kines (including connective tissue growth factor CTGF)

and metalloproteinase inhibitors resulting in a collagen-rich

extracellular matrix that progresses to fibrosis. Several

signalling pathways are involved in these processes

(reviewed in Elsharkawy et al., 2005). Emerging evidence

suggests that fibrosis and cirrhosis are potentially reversible.

Induction of HSC apoptosis is associated with reversal of

fibrosis (Elsharkawy et al., 2005) and therefore targeting HSC

activation and proliferation may help to prevent or reverse

fibrosis. In HSCs, curcumin exerts several antioxidative, anti-

inflammatory, antifibrogenic and antiproliferative effects.

Recently, Bruck et al. (2007) demonstrated that curcumin

inhibited hepatic fibrosis in a rodent model by reducing

oxidative stress and inhibiting HSC activation and collagen

a1(I) gene expression. In vitro, curcumin induces apoptosis

and inhibits activation and proliferation of HSCs. In

addition, it prevents formation and development of the

extracellular matrix by inhibiting collagen a1(I), fibronectin

and a-smooth muscle actin gene expression, by enhancing

matrix metalloproteinase-2 and -9 expression and suppres-

sing CTGF expression (Xu et al., 2003; Zheng and Chen,

2006; Cheng et al., 2007). Several intracellular signalling

pathways are modulated by curcumin in HSCs including

ERK, JNK, AP-1, PPAR-g and NF-kB (Chen and Davis, 1999;

Xu et al., 2003; Cheng et al., 2006; 2007). In addition,

curcumin is most likely to activate Nrf2 in these cells since

inhibition of HSC activation by curcumin requires de novo

synthesis of the major cellular antioxidant glutathione and

activation of glutathione-regulated gene expression (Zheng

et al., 2007), which requires this pathway. Chen, Xu and

co-workers have previously demonstrated the importance of

the PPAR-g pathway in curcumin’s effects on HSC activation,

proliferation and matrix-metalloproteinase expression (Xu

et al., 2003; Zheng and Chen, 2006; Cheng et al., 2007).

However, roles for NF-kB and the ERK MAP kinase pathway

are less clear although both ERK and NF-kB activation are

closely associated with HSC activation and NF-kB is an

important regulator of oxidative stress. In this issue of the

British Journal of Pharmacology, Chen and co-workers confirm

the previous work suggesting that curcumin activation of

PPAR-g results in the inhibition of NF-kB activation in HSCs

(Xu et al., 2003). In addition, they report that both NF-kB

and the ERK MAP kinase pathway are required for the

expression of CTGF, a key fibrogenic growth factor produced

by HSCs. The results suggest that ERK MAP kinase may act

upstream of NF-kB and that this kinase is also required for

collagen a1(I) expression. Furthermore, the results suggest

that curcumin may suppress CTGF expression in HSCs by

inhibiting the activation of NF-kB and ERK MAP kinase.

Although further work is required to confirm these observa-

tions, the results of this and the studies so far in HSCs suggest

that curcumin can target several pro-inflammatory and

fibrogenic pathways in these cells and therefore it may be a

potential therapy in hepatic fibrosis in the future. Pharmaco-

kinetic studies, however, suggest that oral administration

results in low bioavailability. Pharmacologically active con-

centrations are achievable in tissues that are directly exposed

to oral or topical curcumin including the colon, skin, eye

and airways (Hsu and Cheng, 2007) and this suggests that

alternative routes of administration are necessary for curcu-

min to be a successful therapy for hepatic fibrosis.

References

Aggarwal BB, Sundaram C, Malani N, Ichikawa H (2007). Curcumin:
the Indian solid gold. Adv Exp Med Biol 595: 1–75.

Bhattacharyya S, Mandal D, Saha B, Sen GS, Das T, Sa G (2007).
Curcumin prevents tumor-induced T cell apoptosis through Stat-
5a-mediated Bcl-2 induction. J Biol Chem 282: 15954–15964.

Bruck R, Ashkenazi M, Weiss S, Goldiner I, Shapiro H, Aeed H et al.
(2007). Prevention of liver cirrhosis in rats by curcumin. Liver Int
27: 373–383.

Chen A, Davis BH (1999). UV irradiation activates JNK and increases
alphaI(I) collagen gene expression in rat hepatic stellate cells. J Biol
Chem 274: 158–164.

Chen XL, Kunsch C (2004). Induction of cytoprotective genes
through Nrf2/antioxidant response element pathway: a new
therapeutic approach for the treatment of inflammatory diseases.
Curr Pharm Des 10: 879–891.

Cheng Y, Ping J, Xu LM (2007). Effects of curcumin on peroxisome
proliferator-activated receptor gamma expression and nuclear
translocation/redistribution in culture-activated rat hepatic stel-
late cells. Chin Med J (Engl) 120: 794–801.

Cheng Y, Ping J, Liu C, Tan YZ, Chen GF (2006). Study on effects of
extracts from Salvia miltiorrhiza and Curcuma longa in inhibiting
phosphorylated extracellular signal regulated kinase expression in
rat’s hepatic stellate cells. Chin J Integr Med 12: 207–211.

Duvoix A, Blasius R, Delhalle S, Schnekenburger M, Morceau F, Henry
E et al. (2005). Chemopreventive and therapeutic effects of
curcumin. Cancer Lett 223: 181–190.

Elsharkawy AM, Oakley F, Mann DA (2005). The role and regulation
of hepatic stellate cell apoptosis in reversal of liver fibrosis.
Apoptosis 10: 927–938.

Hsu CH, Cheng AL (2007). Clinical studies with curcumin. Adv Exp
Med Biol 595: 471–480.

Park EJ, Jeon CH, Ko G, Kim J, Sohn DH (2000). Protective effect of
curcumin in rat liver injury induced by carbon tetrachloride.
J Pharm Pharmacol 52: 437–440.

Pendurthi UR, Williams JT, Rao LV (1997). Inhibition of tissue factor
gene activation in cultured endothelial cells by curcumin.
Suppression of activation of transcription factors Egr-1, AP-1,
and NF-kappa B. Arterioscler Thromb Vasc Biol 17: 3406–3413.

Rushworth SA, Ogborne RM, Charalambos CA, O’Connell MA
(2006). Role of protein kinase C delta in curcumin-induced
antioxidant response element-mediated gene expression in human
monocytes. Biochem Biophys Res Commun 341: 1007–1016.

Shankar S, Srivastava RK (2007). Bax and Bak genes are essential for
maximum apoptotic response by curcumin, a polyphenolic
compound and cancer chemopreventive agent derived from
turmeric, Curcuma longa. Carcinogenesis 28: 1277–1286.

Commentary
MA O’ Connell and SA Rushworth404

British Journal of Pharmacology (2008) 153 403–405



Sharma RA, Gescher AJ, Steward WP (2005). Curcumin: the story so
far. Eur J Cancer 41: 1955–1968.

Shishodia S, Chaturvedi MM, Aggarwal BB (2007). Role of curcumin
in cancer therapy. Curr Probl Cancer 31: 243–305.

Weber WM, Hunsaker LA, Abcouwer SF, Deck LM, Vander Jagt DL
(2005). Anti-oxidant activities of curcumin and related enones.
Bioorg Med Chem Lett 13: 3811–3820.

Xu J, Fu Y, Chen A (2003). Activation of peroxisome proliferator-
activated receptor-gamma contributes to the inhibitory effects of

curcumin on rat hepatic stellate cell growth. Am J Physiol
Gastrointest Liver Physiol 285: G20–G30.

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: G883–G893.

Zheng S, Yumei F, Chen A (2007). De novo synthesis of glutathione is
a prerequisite for curcumin to inhibit hepatic stellate cell (HSC)
activation. Free Radic Biol Med 43: 444–453.

Commentary
MA O’ Connell and SA Rushworth 405

British Journal of Pharmacology (2008) 153 403–405


	Curcumin: potential for hepatic fibrosis therapy?
	References


