cytoplasm is a colloidal system
Curcumin, a well-known dietary pigment derived from the rhizome of Curcuma

longa L., has been shown to be a potent anti-inflammatory, antioxidant and anticarcinogenic

agent. The aim of the current article focuses on investigation of the

hepatoprotective potential of curcumin against hepatocellular cholestasis induced by

ethinylestradiol (EE) in adult female rats in an attempt to understand its mechanism

of action, which may pave the way for possible therapeutic applications. EE-induced

hepatocellular cholestasis is associated with significant decrease in serum cholesterol,

bile acids and bilirubin levels as well as in hepatic superoxide dismutase (SOD) and

glutathione peroxidase (GPX) activities. On the other hand, treatment with EE produced

significant increase in serum gamma glutamyl transpeptidase (GGT), alkaline

phosphatase (ALP) and alanine aminotransferase (ALT) activities as well as in serum

Pi-glutathione-s-transferase (Pi-GST), alpha glutathione-s-transferase (α-GST), nitric

oxide (NO) and tumor necrosis factor alpha (TNF-α) levels. Moreover, treatment

with EE resulted in significant increase in hepatic malondialdehyde level.

Oral administration of curcumin to rats treated with EE produced a significant

protection against-induced decrease in serum cholesterol, bile acids, bilirubin levels

and enhanced hepatic SOD and GPX activites. In addition curcumin could inhibit

serum GGT, ALP and ALT activities and reduce serum Pi-GST, α-GST and NO levels

in EE-treated rats. Hepatic malondialdehyde level was also suppressed by

administration of curcumin to EE-treated rats. These data indicate that curcumin is

a natural antioxidant hepatoprotective agent that exhibited anti-cholestatic effect in

EE-cholestasis model. Thus, curcumin may have a therapeutic value in drug-induced

biliary cholestasis as well as in hormonal therapy.

INTRODUCTION

Hepatocellular cholestasis is a known complication of chronic estrogen administration

either in oral contraceptives or in postmenopausal replacement therapy.

Moreover, estrogens have been also involved in the pathogenesis of cholestasis in the

last trimester of pregnancy (Metreau et al., 1972 and Kreek, 1987). Experimental

cholestasis produced by estrogen administration, mainly ethinylestradiol (EE), in rats

is widely used as an investigated model of hepatocellular cholestasis (Smith and Gorden,

1988 and Bossard et al., 1993). The mechanism by which EE induces cholestasis

is still unclear although interference with bile salt- independent bile flow (Gumucio

and Valdivieso, 1971 and Guevas et al., 2001) and reduced capacity of hepatocytes to

excrete organic anions and cholephilic compounds have been suggested (Bossard et

al., 1993 and Alvaro et al., 1997). EE treatment is also associated with several hepatocellular

changes, which include decreased plasma membrane fluidity, decreased Na+

- K+- ATPase activity (Rosario et al., 1988 and Simon et al., 1996) and substantial

decrease in the volume density of sinusoidal microvilli and in the sinusoidal plasma

membrane surface density (Hornstein et al., 1992).
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Curcumin is the main yellow phenolic material present in the rhizomes of turmeric

(Curcuma longa L.) and is widely used as a food coloring agent (Govindarajan,

1980). Curcumin is a β-diketone compound which contains two ferulic acid molecules

linked via a methylene bridge at the carbon atoms of the carboxyl groups (Sharma,

1976). Various curcumin-related phenols (curcuminoids) have also been found in

edible plants, especially Zingiberaceae plants (Toda et al., 1985 and Masuda et al.,

1992). Curcumin has been shown to possess antimutagenic and anticarcinogenic effects

( Balasubramanian and Eckert, 2004). Extracts of rhizomes of turmeric have

been widely used in Indian medicine and they are considered to be efficacious in the

treatment of liver disorders and certain pyrogenic infections (Nadakarni, 1954).

Curcumin exhibits antiinfla-mmatory and antiviral effects and it is also considered as

a potent scavenger of reactive oxygen and nitrogen species (Joe et al., 2004). Some of

these activities are responsible for the ability of curcumin to protect DNA against

free radical-induced damage and to protect hepatocytes against various toxins (Sahu

and Washington, 1992).

The present study was undertaken to investigate the ability of oral curcumin

administration to alleviate the adverse effects of ethinylestradiol (EE) on the liver.

The state of experimental cholestasis produced by EE, was detected by determination

of serum cholesterol, bile acids, bilirubin, Pi- glutathione- s-transferease (Pi-GST),

alkaline phosphatase (ALP) and gamma glutamyl transpeptidase (GGT). The determination

of α-glutathione-s-transferase (α-GST) and alanine amino transferase

(ALT), as selective indices of liver functions, was also done. Hepatocellular damage

and oxidative stress are expected in the state of cholestasis, therefore, this work was

extended to determine the end product of lipid peroxidation and the activities of

some antioxidant enzymes (superoxide dismutase and glutathione peroxidase) in liver

homogenate, as well as the changes in serum nitric oxide (NO) and tumor necrosis

factor-alpha (TNF-α) levels.

MATERIALS AND METHODS

Chemicals:

-Ethinyl estradiol (EE) was obtained from Sigma Chemical Co. (St. Louis MO,

USA).

-Propylene glycol was produced by Panreac Quimica, SA. Barcelona, Spain.

Extract:

Crude curcumin was extracted from turmeric using soxhlet apparatus and ethyl

alcohol as a solvent. The extract was then evaporated till dryness under reduced

pressure. The extracted fraction was completely evaporated in a vacuum oven at a

temperature not exceeding 40°C until a constant weight was obtained. Hundred

grams of turmeric yield 6.25 grams crude curcumin. Crude curcumin contains 77%

pure curcumin, 19% monodemethoxy curcumin and 4% bisdemethoxy curcumin

(Deters et al., 2000).

Animals and Treatment:

Adult female rats (Sprague Dawley Strain) weighing 200-250 g were used. They

had free access to Laboratory diet and tap water. The animals were divided into five

groups (7 rats each). Group (1) was the control group that received treatment with

similar volume of the solvent vehicle (propylene glycol). Group (2) was received

crude curcumin in olive oil orally in a single daily dose of 50 mg/kg for 15 days

(Choudhary et al., 1999). Group (3) was given EE subcutaneously (5mg/ml in propylene

glycol) in a single daily dose for the last 5 days of the experimental period

(Rodriguez et al., 1992). Group (4) was pretreated with crude curcumin alone for 10

days then received both curcumin and EE for other 5 days (prophylactic I). Group

(5) was simultaneously given crude curcumin and EE for 5 days followed by crude

curcumin alone for other 10 days (prophylactic II).

Sample collection and homogenate preparation:

Fasting blood samples were collected, 24 hours after the last treatments, from

the retroorbital plexus (Schermer, 1967) under anaesthesia using diethylether. The

blood samples were left to clot and the sera were separated using cooling centrifuge

and stored at –20°C until analysis. After blood collection, all animals were rapidly

killed and liver tissues were dissected and immediately homogenized in phosphate

buffer (pH 7.4) to give 20% w/v homogenate (Lin et al., 1998). The homogenate was

centrifuged at 1700 r.p.m and 4°C for 10 min. and the supernatant was stored at –

70°C to the second day until analysis. The supernatant (20%) was used for the determination

of lipid peroxides and it was further diluted with phosphate buffer

solution to give 2% and 0.5% dilutions for the determination of glutathione peroxidase

and superoxide dismutase, respectively.

Biochemical assays:

Colorimetric determination of serum cholesterol, bile acids and bilirubin was

done by the methods described by Richmond (1973), Mashige et al. (1981) and Sherlock

(1951), respectively, using kits purchased from Randox Laboratories LTD Co.,

UK. Quantitative estimation of serum Pi glutathione-s-transferase (Pi-GST) was carried

out by enzyme linked immunosorbent assay (ELISA) according to Platz et al.

(1997) method using kit produced by Biotrin International LTD. Serum alkaline

phosphatase (ALP) activity was determined by kinetic spectroscopy using Randox

Laboratories kit according to the method of Bowers and McComb (1966). The activity

of gamma glutamyl transpeptidase (GGT) was estimated by the method of Szasz

(1969) using kit purchased from Pointe Scientific, INC Co. USA. Serum alanine aminotransferase

(ALT) activity was determined by kinetic spectroscopy using Randox

Laboratories kit according to the method recommended by The Committee on Enzymes

of the Scandinavian Society for Clinical Chemistry and Clinical Physiology

(1974). Quantitative estimation of serum alpha glutathione-s-transferase (α-GST)

was carried out by enzyme linked immunosorbent assay (ELISA) according to Flendrig

et al. (1999) method using kit produced by Biotrin International LTD.

Quantitative determination of tumor necrosis factor-alpha (TNF- α) was done by

ELISA according to the method of Corti et al. (1992) using kit produced by Diaclone

Research, France. Serum nitrate concentration as a stable end product of nitric oxide

was estimated by the Griess reaction after quantitative conversion of nitrate to nitrite

by nitrate reductase according to the method of Moshage et al. (1995) using R&D

System GmbH (Germany). Lipid peroxidation in liver homogenate was estimated by

measurement of malondialdehyde (MDA) by spectrophotometric method (Esterbauer

et al., 1991) using Oxis ResearchTM kit. The level of lipid peroxides was

expressed as n mol malondialdehyde/mg protein. The protein content of liver tissue

was measured by applying the method of Lowry et al. (1951). Superoxide dismutase

activity in liver homogenate was assayed by red formazan dye reduction procedure

(Suttle, 1986) using 50μl diluted homogenate. Liver glutathione peroxidase activity

was determined using reduced glutathione and cumene hydroperoxide as substrate

using 20μl diluted homogenate by the modified method of Paglia and Valentine

(1967). The specific activities of superoxide dismutase and glutathione peroxidase

were expressed as units of activity/ mg protein. Estradiol level was determined by

ELISA procedure according to the method of Ratcliffe et al. (1988) using kit produced

by Biochem ImmunoSystems.

Statistical analysis:

The results were expressed as means ± SE. Statistical analysis of the difference

between means was performed using Student “t” test (Snedecor, 1956).

RESULTS

Table (1) comprises the specific cholestatic parameters among the different

groups. EE administration for 5 days resulted in significant decrease (P<0.01) in serum

cholesterol, bile acids, and bilirubin levels with concomitant increase in the

activities of ALP, GGT and the level of Pi-GST (P<0.01) compared to the control

group. In the group of rats treated with curcumin before EE administration, some of

the EE –induced changes in the cholestatic markers were ameliorated. The protective

effect of curcumin was more obvious in case of simultaneous administration of curcumin

and EE (Group 5), since the results reveal significant increase in serum

cholesterol (P< 0.01), bile acids and bilirubin levels (P<0.05) with concomitant decrease

in serum ALP and GGT activities (P<0.05) as well as in Pi-GST level (P<0.01)

in this group of rats as compared to EE- treated group.

Table (2) shows the effect of curcumin on the selected specialized serum markers

of liver functions among the different groups. Serum ALT activity and serum

level of α-GST increased significantly (P<0.01) in EE injected group as compared to

the control group. Alpha-GST decreased significantly (P<0.05) in rats treated with

curcumin before EE injection, while ALT activity was not affected, as compared to

EE- treated group. A significant decrease in serum α-GST (P<0.01) and an insignificant

decrease (P≥0.05) in serum ALT activity were observed in the group of rats

continuously treated with curcumin after EE injection as compared to EE-treated

group.

As shown in Table (3), serum TNF-α, serum NO and hepatic malondialdehyde

increased significantly in EE-treated group (P<0.01) as compared to the control

group. Curcumin administration before EE injection produced insignificant changes

in serum TNF-α as well as in hepatic malondialdehyde levels, while it could produce

significant decrease in serum NO level (P<0.05) as compared to EE-treated group. In

the group of rats continuously treated with curcumin after EE injection, both NO

and hepatic malondialdehyde levels decreased significantly (P<0.01), while serum

TNF-α level showed insignificant change as compared to EE-treated group.

Hepatic SOD and GPX activities decreased significantly upon EE injection

(P<0.05 and P<0.01, respectively) as compared to the control group. Curcumin administration

either before or after EE injection ameliorated the reduction in SOD

and GPX activities induced by EE injection (Table 3).

Fig. (1) showed insignificant change (P≥0.05) in serum estradiol level in EEtreated

group. In curcumin-treated groups, insignificant increase (P≥ 0.05) in serum

estradiol level was observed.

DISCUSSION

Cholestasis is defined as a decrease in canalicular bile flow that results in accumulation

of bile in hepatocytes and canaliculi (Popper, 1981). Hepatocellular

cholestatis may be due to functional or structural alterations in the biliary tree. The

clinical consequences of prolonged cholestasis are due to the failure of bile acids to

reach the duodenum with subsequent malabsorption of fat and fat-soluble vitamins

A, D, E and K as well as the accumulation of biliary constituents such as bile acids,

bilirubin and cholesterol in the liver. Bile acids retention causes liver cell damage and

pruritus (Keith et al., 1999).

The data reported here show that short-term treatment of rats (5 days) with EE

was characterized by a decrease in serum cholesterol and bile acids levels (Table 1).

These findings are in agreement with the results of Bossard et al. (1993). EE was reported

to decrease serum cholesterol level which is accompanied with an increase in

hepatic cholesterol level (Nikitin et al., 1986). EE stimulates low density lipoprotein

receptor activity and increases the binding of lipoproteins to liver plasma membrane

(Bertolotti and Spady, 1996). Also, EE causes an increase in hepatic catabolism of low

density lipoprotein (Chao et al., 1979). Both mechanisms lead to marked hypocholesterolemia

observed after EE administration. In addition, EE has been reported to

stimulate the activity of the hepatic microsomal enzyme cholesterol acyl-CoAtransferase,

resulting in an increase in the hepatic concentration of cholesterol esters

(Davis et al 1978). The increase in the hepatic content of cholesterol esters after EE

administration has been regarded as being the basis of the high microviscosity of

liver plasma membrane particularly at the basolateral domain (Rosario et al., 1988).

This increase in cholesterol esters is accompanied by a reduction in the activity of

Na+, K+- ATPase (Keefe et al., 1979) which is a key enzyme in the Na+-dependent

taurocholate and organic anion transporters (Frimmer and Ziegler, 1988 and Simon

et al., 1996). EE could decrease serum bile acids level through the inhibition of cholesterol

7 α-hydroxylase activity which is responsible for bile acids synthesis (Davis et

al., 1986). Also, the decrease in bile flow due to cholesterol precipitation may be responsible

for the reduced level of bile acids in serum after EE administration

(Portincasa et al., 1997).

Table (1) shows also that EE administration produces a decrease in serum

bilirubin level. Keith et al. (1999) reported that as EE could impair bile salt secretion,

it could also induce excretory failure for other organic anions such as bilirubin.

Pi-glutathione-s-transferase (Pi-GST) is another specific marker for hepatocellular

cholestasis since it is located in the cytoplasm of intrahepatic bile duct cells

(Campbell et al., 1991) and its level in plasma has been found to be elevated in cholestatic

diseases and cholangiocarcinoma (Vaubourdolle et al., 1995). The present

results show marked increase in serum Pi-GST level with concomitant similar increase

in serum alkaline phosphatase (ALP) and gamma glutamyl transpeptidase

(GGT) activity in EE- treated group (Table 1). These results were consistent with the

hypothesis of Reichen (1993) who stated that some characteristics and functions of

the hepatocytes, plasma membranes such as lipid composition and fluidity, are altered

in experimental model of cholestasis. Thus, it is possible that the observed

changes in the activity of the above mentioned enzymes are related to physicochemical

alterations of the hepatocyte canalicular membrane. Also, it is possible that

the amphipathic bile acids may cause activation of hydrolytic enzymes such as proteases

or phosphatidylinositol-specific phospholipase C present in liver tissue (Alpers et

al., 1989) and this perturbation of the membranous environment by the cholestatic

agents may result in the increased release of these intrinsic enzymes (Accatino et al.,

1996).

The obtained data in the present study demonstrated that curcumin is considered

as a potent choleretic agent when given simultaneously with EE since it could

produce marked increase in serum cholesterol, bile acids and bilirubin levels towards

the normal values. Additionally, curcumin could also significantly inhibit serum Pi-

GST, ALP and GGT activity. These positive alterations were not detected significantly

when curcumin was administered before EE injection (Table 1). It has been

reported that curcumin could induce the cytochrome P450 dependent enzyme arylhydroxylase

(Thapliyal et al., 2002) and consequently, it could stimulate cholesterol

7α-hydroxylase enzyme which catalyses the formation of bile acids from the accumulated

hepatic cholesterol (Deters et al., 1999). As a result, curcumin reduces

cholesterol concentration in heptocytes (Asai and Miyazawa, 2001) which is responsible

for decreasing bile flow and consequently it normalizes the activity of the

related enzymes (Pi-GST, ALP and GGT) since these enzymes were released as a result

of the accumulation of biliary constituents in the liver (Table 1).

In the present study, the significant increase in serum α-glutathione- stransferase

(α-GST) and alanine aminotransferase (ALT) activity in EE-treated

group (Table 2) is attributed to the sudden change in the hepatocyte membrane permeability

caused by the accumulated bile acids in the liver (Bass, 1978 and

Kristensen, 1994).

The hepatoprotective effect of curcumin was demonstrated through correcting

the values of serum ALT and α-GST that were significantly raised by EE administration

(Table 2). This result indicated that curcumin has a membrane stabilizing effect

(Reddy and Lokesh, 1996). Additionally, there is a growing evidence that the hepatoprotective

effect of curcumin takes place directly at the level of hepatocytes by

lowering intracellular levels of cholesterol and cytotoxic bile acids (Sambaiah and

Srinivasan, 1989 and Asai and Miyazawa, 2001). Moreover, it has been reported that

curcumin may exert a cytoprotective effect by inducing liver glutathione-stransferase

(Singh et al., 1995 and Piper et al., 1998) and liver cytochrome P450

(Thapliyal et al., 2002) i.e curcumin exerts an inductive action on the drugmetabolizing

phase 1 and phase 2 enzymes in the liver.

In the present work, the increased formation of serum tumor necrosis factor

(TNF-α), nitric oxide (NO) and hepatic malondialdehyde with the concomitant decrease

in hepatic superoxide dismutase (SOD) and glutathione peroxidase (GPX)

activity were detected after EE administration (Table 3). These findings revealed the

role of EE in inducing oxidative stress on the hepatic tissue. This is because the main

function of superoxide dismutase is represented in the removing of the superoxide

radical in order to prevent formation of hydroxyl radical and the function of glutathione

peroxidase is represented in its ability to utilize and metabolize hydrogen

peroxide in both cytosolic and mitochondrial compartments (Hochstein and Atallah,

1988). In cholestatic diseases, the intrahepatic bile acids produce hepatocellular

apoptosis by stimulating Fas (a surface receptor that mediates apoptosis upon oligomerization

by its ligands) translocation from the cytoplasm to the plasma

membrane where self –aggregation occurs to trigger apoptosis (Jaeschke et al., 2002).

Apoptosis is known to be the mechanism leading to progressive inflammation and

destruction of bile ducts (Strater and Moller, 1998). Also, bile acids could induce hepatic

inflammatory response via the activation of hepatic macrophages (Jaeschke et

al., 2002) that follows the activation of the transcription factor NFKB since NFKB

activation has been shown to have a key role in the inflammatory process (Fox et al.,

1997). It is well known that NFKB is activated by a wide range of agents and cytokines

including TNF-α and IL-1α secreted from the injured hepatic macrophages

(Fox et al., 1997).

TNF-α was reported to induce NO formation (Dunger et al., 1996). The increased

NO production is recognized as an important mediator of physiological and

pathological processes (Gross and Wolin, 1995). Also, NO is produced by the activated

polymorphnuclear leucocytes in response to tissue inflammation (Nathan,

1992). NO reacts with O2 molecules, produced by the vascular endothelial cells that

line the blood vessels, producing a variety of reactive oxygen species including superoxide

radical, hydrogen peroxide and hypochlorous acid (Roos, 1991). These radicals

react with biological molecules such as DNA, proteins and phospholipids and eventually

damage membranes and other tissues (Vuillume, 1987).

As a result of these inflammatory and destructive processes, the oxidative stress

on the hepatic cells was increased leading to the depletion of the antioxidant enzymes

that scavenge the toxic superoxide and hydrogen peroxide radicals which promote

lipid peroxidation (Orellana et al., 2000).

Treatment with curcumin results in reduction of serum TNF-α, NO and hepatic

malondialdehyde levels with concomitant stimulation of hepatic SOD and GPX activities

(Table 3). This antioxidative action of curcumin is attributed to its ability to

supress many types of transcription factors including hydrogen peroxide, tumor necrosis

factor – alpha and phorbol ester- induced activation of NFKB (Verma et al.,

1997). Most of the above activators of NFKB are known to produce reactive oxygen

species and curcumin could suppress NFKB activation via the quenching of these reactive

species (Srinivas et al., 1992). The free radical trapping capacity of curcumin

resides mainly in its phenolic contents (two orthomethoxylated phenols) besides a β-

diketone moiety (Masuda et al., 1999). These compounds possibly prevent the reactive

oxygen species from acting on DNA (Srinivas et al., 1992), suggesting a possible

role of curcumin as a chain breaking antioxidant against lipid peroxidation (Rajakrishnan

et al., 1999). This in turn prevents the exhaustion of the antioxidant

enzymes (SOD and GPX) and consequently increases their activities in the liver . Our

results were asserted by the finding of Reddy and Lokesh (1994) who demonstrated a

significant increase in the activities of hepatic glutathione peroxidase, superoxide

dismutase and catalase accompanied with marked decrease in hepatic lipid peroxidation

by treatment with curcumin.

Considering serum estradiol level (Fig 1), the present results show an insignificant

change in EE- treated group and this finding is probably due to the short time of

treatment (5 days) but on the long run, Ling et al. (1985) and Nogucki et al. (1980)

reported that EE produces a significant decrease in serum estradiol level through its

inhibiting action on ovulation via suppression of the pituitary ovarian function. The

insignificant increase in serum estradiol level observed in curcumin - treated groups

(Fig 1) is attributed to the estrogenic bioactivity of curcumin due to its high estradiol

receptor binding capacity (Zava et al., 1998).

In conclusion, the authors hypothesized that curcumin has a powerful anticholestatic

effect in addition to its hepatoprotective, antioxidative action and free

radicals scavenging activity.
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