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ABSTRACT

The efficacy of Silymarin and Curcumin treatment in preventing biochemical and histological
~alterations in Dimethylnitrosamine (DMN) induced liver fibrosis in rats was studied. Six groups
chosen for the study were control, Silymarin, Curcumin, DMN treated, DMN and Silymarin treated,
DMN and Curcumin treated. All animals were sacrificed 72hrs after the end of treatments. The
activities of Aspartate Transaminase (AST), Alanine Transaminase {ALT), Bilirubin, Glucose 8
phosphatase (G6Pase) and Triglycerides (TQ) content were determined. Na'K'ATPase and
Ca" ATPase activities were measured in isolated plasma membranes. Lipid peroxide and triglyceride
content were measured in liver homogenates. Liver fibrosis was evidenced by significant increase in
liver collagen and lipid peroxidation, increased activities of Aspartate Transaminase (AST), Alanine
Transaminase (ALT), glucose 6 phosphatase (G6Pase), Bilirubin levels and liver triglycerides. ATPase
activities were significantly reduced in plasma membranes. Immunohistochemical staining of o-
smooth muscle actin a marker for activated stellate cells were vivid during DMN induction and
treatment with Silymarin and Curcumin decreased the a-smooth muscle actin, which showed absence
of activated stellate cells. Both Silymarin and Curcumin treatment completely reversed all the changes
observed in DMN induced fibrotic rats. The protective effects of Silymarin and Curcumin can be
atiributed to their antioxidants and membrane stabilizing actions. The results clearly exhibit
potential antiproliferative and antifibrogenic effects of Silyarin and Curcumin.
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INTRODUCTION

Liver fibrosis results from the excessive
secretion of matrix proteins by hepatic stellate
cells, which proliferate during fibrotic liver
injury. The development of hepatic fibrosis is
associated with many biochemical alterations
leading to structural and metabolic

abnormalities in liver. Hepatic stellate cells are
the key mediators of hepatic fibrosis.

The flavonoid Silymarin (5,7,4-trihydroxy-
o-methoxy-3-01 (Legalon), which occurs in the
thistle Silybum marianum Gaertn, was
introduced as a hepatoprotective agent, two
decades ago (1-4). Research in experimental
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animals has shown that this flavonoid has a
protective action on the liver, which is
particularly effective in poisoning by several
hepatotoxic substances such as carbon
tetrachloride, thioacetamide, D-galactosamine
or phalloidine (1, 4). The protective action of the
flavonoid was explicable in terms of its capacity
for trapping free radicals (5). In addition the
effect has been ascribed to stabilizing effect on
the cytoplasmic membranes (6).

Curcumin, 1,6-heptadiene-3, 5-dione-1, 7-
bis (4-hydroxy-3-methoxyphenyl) (diferuloyl
methane), isolated from the rhizomes of
Curcuma longa is proved to have anti-
inflammatory, antioxidant, membrane
stabilizing actions (7,8). Preventive actions of
this compound on in vitro lipid peroxide
formation have also beenreported (9,10).

It has been demonstrated that N-
nitrosodimethvlamine (DMN) induced liver
injury in rats is a good and reproducible animal
model for studying biochemical and
pathophysiological alterations associated with
the development of hepatic fibrosis and cirrhosis
(11-14).

1t has been shown that lipid peroxidation
is associated with hepatic fibrosis and steliate
cell activation. In the present study we report the
hepatoprotective efficacy of Silymarin and
Curcumin in preventing DMN induced liver
fibrosisinrats.

MATERIAL METHODS

Materiais

Chemicals are of analytical grade and
obtained from Sigma-Aldrich, India. a-smooth
muscle actin antibodies, peroxidase labeled IgG
mouse immunogiobulin and Avidin-Biotin
peroxidase complex were obtained from Sigma,
India. All other chemicals were of analytical

Animal Experimentis

Male albino rats of wistar strain weighing
around 150gms were used for the experiments.
The animals were maintained with commercial
rat feed and water available ad libitum.

The animals were divided into six groups

and six animals per group were used.Control
animals received injections of 0.15M NaCl
without DMN.

SILYMARIN: 50mg/Kg of Silymarin was
given as suspension in 0.056 % carboxy
methylcellulose through anintra gastric tube.

CURCUMIN : 200mg/Kg was suspended
in 1% gum acacia, and given orally.

DMN: Hepatic fibrosis was induced by
intraperitoneal injections of
Dimethylnitrosamine in doses of 1mg (prepared
in 0.15M NaCl)/100g body weight for 7
consecutive days.

DMN+SILYMARIN: Same dosage as above
DMN+CURCUMIN: Same dosage as above

All the animals were sacrificed 72h after
the last administration of DMN, Silymarin and
Curcumin. Treated and control animals were
anesthetized with diethylether, and the blood
was collected by cutting the right jugular veinon
the neck. Serum and liver were collected for the
determination of activities of enzymes such as
Aspartate Transaminase and Alanine
Transaminase according %o the method of
Reitman and Frenkel, (15), glucose 6
phosphatase by the method of Nordlie, (16) and
Bilirubin content according to the method of
Malloy and Evelyn (17). Na'K'ATPase and
Ca""ATPase activities were measured inisolated
plasma membranes according to the procedure
of Bonting (18) and Hjerten and Pan (19)
respectively. Lipid peroxides and triglyceride
content were also measured in liver
homogenates according to the method of
Ohkawa et al (20) and Foster and Dunn, {21)
respectively. Liver collagen content was
estimated by measuring hydroxyproline by the
method of Woesnner (22).

Isolation and Purification of
Ito Cells from Rat Liver

The procedure for isolation of rat hepatic
cells (Ito Cells) was followed according to the
procedure of Knook et al (23) by portal vein
perfusion method. Briefly, hepatic stellate cells
were isolated by pronase-collagenase digestion
and were activated by culture on uncoated
plastic. The resulting cell suspension was
filtered through sterile gauze and centrifuged at
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50 x g for 3 min to remove hepatocytes and
debris. The suspension after removal of
sediments containing non-parenchymal cells
were layered over 25% preformed (20,000 x g for
10 min) percol gradient and centrifuged at 800 x
g for 30 min. The gradient centrifugation
produced a top layer of yellowish white oily
debris with a band of cells immediately below.
The band mainly contained stellate cells. These
cells were identified by autofluorescence at
325nm that rapidly faded under fluorescent
microscope and exhibited round morphology.
Staining for desmin was used as the
confirmatory marker. The cells also displayed >
95% wviability following trypan blue exclusion
protocol.

Cell culture

The freshly isolated hepatic stellate cells were
washed thoroughly in Dulbecco's Minimal
Essential Medium and plated in DMEM
supplemented with 10% FBS at a density of 1.0
x 106 cells per 100 mm tissue culture dish. The
cells were maintained at 37°C under humidified
5% CO, - 95% air. The medium was changed
every 24 hrs. As the cells reached confluence,
they were passaged at a 1:4 split ratio after
being removed from the dish with a brief
exposure to 0.25% trypsin - 0.02% EDTA in
phosphate buffered saline (PBS).

Microscopic observation

Cultured cells were viewed with a
WILOVERT inverted microscope and
photographed using KODAK Ektachrome film.
Immunostaining of a-smooth muscle actin
(o- SMA) was done according to the procedure of
Buchwalow et al (24).

Statistical analysis

Arithmetic and standard deviations were
calculated for the data. The results were
statistically evaluated using one-way analysis of
variance (ANOVA)., The control mean values
were compared with the treated mean values by
the least significant difference method. The
value of P<0.05 was considered as statistically
significant.

RESULTS

DMN induced liver fibrosisin rat is a well-
established, reproducible model and has several
similarities with human liver cirrhosis (18). In
the present study preventive role of Silymarin
and Curcumin was studied in DMN induced
hepatic fibrosisinrats.

Table 1 depicts the activities of serum
AST and ALT in control and experimental
groups. Higher enzymactivity levels of AST and -
ALT were observed in DMN induced groups
while treatment with Silymarin and Curcumin
restored the increased enzyme activity levels to
near normal, which shows the therapeutic
efficacy of Curcumin as well as Silymarin.

Table 2 shows the levels of liver lipid peroxides

in control and experimental groups. Increased

malondialdehyde (MDA) levels during DMN

induction were observed. Treatment with .
Silymarin and Curcumin groups showed lesser
MDA levels, which could be attributed to
preventive effect of Silymarin and Curcumin in
hepatic fibrosis formation. Figure 1 shows the
liver collagen content of control and
experimental groups. A significant increase in
liver collagen content of 31.6 = 4.7 mg / mg of
protein was observed in DMN treated rats when
compared to the untreated controls. A notable
reduction in collagen level in both
DMN+8ilymarin and DMN+Curcumin proves
the antifibrotic effect of these drugs. Silymarin
and Curcumin treated groups did not show
much change from control, which shows the non-
toxic nature of the drugs. Table 3 shows the
levels of bilirubin, G6Pase and triglycerides in
control and experimental groups. The levels of
bilirubin, G6Pase and TG seem to be higher in
DMN induced rats when compared to control
rats. Treatment with Silymarin and Curcumin
brought back the elevated levels to near normal
values. When compared to control groups, all
differences were found to be significant.

Figure 2 shows the Na'K'ATPase and
Ca""ATPase activities in control and
experimental groups. DMN treated group
exhibits increased activity of Na K ATPase and
Ca" ATPase when compared to control group.
Silymarin and curcumin treatment prevented
the increase of ATPases.
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Figure 1: Liver collagen content of control and experimental groups
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Values are expressed as mean + SD
P <0.05, * Compared with Control group; # Compared with Control and DMIN
treated group

Figure 2: Na'K ATPase and Ca" ATPase activity in control and experimental
groups.
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treated group

Figure-3 shows the immunchisto- concurrent ‘administration of curcumin on
chemical studies on SMA demonstrating activated stellate cells

activated stellate cells during DMN induced

experimental fibrosis in rats and the effect of
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Figure 3: Immunohistochemical a - smooth muscle actin demonstrating
activated stellate cells during DMN induced experimental fibrosis in rats and
the effect of concurrent administration of curcumin on activated stellate cells

A - Control Liver shows absence of a - smooth muscle actin staining

B - Liver after Curcumin treatment shows absence of a - smooth musele actin
Staining

C - DMN induced liver showing activation of hepatic stellate cells and Necrosis

D - DMN + Curcumin shows absence of activated stellate cells

Table 1: Activities of serum ALT & AST in control and experimental groups

Parameters ALT AST
{U/L) {u/L)
Control 192.8 + 25.4 108.1 + 12.1
Silymarin 201.7+23.2° | 105.3+94"
Curcumin 190.6 = 24.1* 104.0 }4.1*
DUNIN 369.2 + 59.2% 266.2 + 72.3*
DMN-+Silymarin 210.1 £ 27.03 186.4 + 18.1
DMIN+Curcumin 206.5 = 28.7 2156 + 31.7

Values are expressed as mean = SD
P <0.05, * Compared with Control group; # Compared with
Control and DMN treated group
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Table 2: Levels of liver lipid peroxides in control and experimental

groups.
PATAMEters | (oiesof eentiionyito roien
Control 0.08 £ 0.001
Silymarin 0.10 £ 0.009
Curcumin 0.12 = §.007
DMN 1.1 £0.071
DHMIN-+Silymarin .13 £ 0.006
DMN+Curcumin 0.14 +£ 0.005

Values are expressed as mean = SD
P <0.05, * Compared with Control group; # Compared with
Control and DMN treated group

Table 3: Levels of Serum Bilirubin, serum G86Pase and liver Triglycerides in
contirol and experimental groups.

GoPase
Parameters Bilirubin (units/mg TG
(mol/I) protein) (g/mg Prot.)
Control 0.42 £ 0.1 25x04 6.0=0.5
Silymarin 0.51 £0.2% 2.2 +0.23* 8.3 + 0.8*
Curcumin 0.39 £ 0.1% 2.6 £ 0.2% 5.8+ 1.0*%
DMN 4.6 £ 0.5% 5.5 = 0.5* 12.3 = 1.5*
DMIN+Silymarin 1.8 = 0.3#% 3.2+ 0.8% 7.3 £ 0.7T#
DMIN+Curcumin 1.3 £ 0.2% 2.8+ 0.4# 6.4 = 0.5#

Values are expressed as mean + SD

P <0.05, * Compared with Control group; # Compared with

Control and DMN treated group
td 2

DISCUSSION

Hepatic fibrosis, a consequence of most
forms of liver diseases, is a dynamic process that
forms a part of tissue response to hepatocyte
injury. It involves interactions between several
cell types, resulting in the enhanced synthesis of
matrix components specifically collagen, with a
concomitant decrease in the expression of

matrix degrading proteases, the net result of
which is the accumulation of several ECM
proteins. In this present study, the efficacy of
two hepatoprotective drugs, Silymarin and
Curcumin on DMN induced hepatic fibrosis was
investigated. The onset of liver fibrosis was
characterized by the analyses of different
biochemical parameters such as liver collagen,
lipidperoxidation, serum activities of Aspartate
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Transaminase (AST), Alanine Transaminase
(ALT), glucose 6 phosphatase, bilirubin content
and liver triglycerides and
immunohistochemical staining of a-SMA.
Findings from our investigation reveal that
DMN induced fibrotic rats exhibit =
characterized pattern of alterations which
indicate chronic liver damage.

The immunohistochemical findings reveal
the absence of a SMA staining in control group
while induction with DMN showed staining of
this protein implicating activation of hepatic
stellate cells and necrosis during liver fibrosis.
The collagen levels were significantly higher in
DMN induced rats. Treatment with both
silymarin and curcumin brought back the
coliagen leveis of liver to near normal.

Measurement of lipid peroxidation is a
convenient method to monitor oxidative damage
(25). Lipid peroxidation was measured in all

roups as MDA formation per milligram protein.
As shown in Table, 2 hepatic MDA formation was
increased in DMN treated groups when
compared to the control group. The difference
was statistically significant. In DMN +
Silymarin, MDA formation was similar to control
groups. The study reveals that treatment with
Curcumin, Silymarin helps to inhibit the
hepatocellular damage. Recently, it has been
reported that tetrahydrocurcumin and curcumin
exert significant protection against Chloroguine
induced toxicity by their ability to ameliorate the
lipid peroxidation through the free radical
scavenging activity, which enhanced the levels of
antioxidant defense enzymes (26).

Increased activities of serum AST and ALT
may be explained by the leakage of the enzymes
into the blood stream from the damaged liver
tissue, which is rich in transaminases (27). In
alcoholic liver diseases, a decreased
concentration of pyridoxal 5' phosphate may be
responsible for the diminished hepatic activities
of transaminases, particularly ALT (25). The
increased levels of AST when compared to ALT
may be due to the release of mitochondrial AST
into the blood stream, a consequence of severe
hepatocyte damage. Increased enzyme levels by
DMN induction was significantly restored by
both Silymarin and Curcumin, suggesting that

they provide protection by preserving the
membrane integrity of hepatocytes against
DMN.

Increased levels of bilirubin, glucose 6
phosphatase and triglyceride were found during
DMN induction while treatment with both
Silymarin and Curcumin significantly
decreased these levels. Likewise, induction with
DMN showed a significant decrease in the levels
of ATPases, which were efficiently restored by
treatment with Silymarin and Curcumin.

We thus concluds that DMN induction in
rats appears to be a good and reproducible
model for hepatic fibrosis. Enzyme activities like
AST, ALT and G&8Pase were found o be useful
markers of hepatocellular necrosis. Lipid, MDA,
bilirubin and hydroxyproline observed to be
altered by DMN induced hepatic fibrosis.

Curcumin shows inhibitory effect against
the activation of liver stellate cells during DMN
induced liver fibrosis in rats. The rate of
activation of liver stellate cells was monitered by
immunohistochemical staining of a—SMA as a
marker for activated stellate cells. Curcumin
adminstration significantly reduced activated
liver stellate cells. It is reported that curcumin
inhibits metal induced oxidative damage in
cultured hepatocytes and hepatic lysosomal
fractions (28},

Thus the present study reveals that
treatment with Silymarin and Curcumin,
partially reverses the hepatocellular damage. It
1s suggestive that anti-inflammatory,
antioxidant features and membrane stabilizing
action of these agents might be responsible for
the antifibrotic action.
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