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The hepatomodulatory response of ethanol extract of Enicostemma littorale Blume was examined in contrast to
oxidative stress-induced liver injury by carbon tetrachloride (CCl,) in albino wistar male rats. The rats received
the extract, orally at the doses of 125, 250 and 500 mg/kg b wt/day for 21 consecutive days and CCl,, at the dose
of 0.2 ml/kg b wt/twice a week, i.p with olive oil, in the ratio 1:1 treatment. The rats subjected only CCl, with olive
oil, showed remarkable oxidative stress-induced liver injury. Supplementation of E. littorale extract significantly
(P< 0.001) increased the hepatic reduced glutathione (GSH), glutathione- s-transferase (GST), glutathione
peroxidase (GPx), superoxide dismutase (SOD), catalase (CAT) and vitamin-C (vit. C) in the liver, with a dose-
dependent reduction of the thiobarbituric acid reactant substances (TBARS) as evidenced by reduced hepatic
lipid peroxidation (LPO) levels, compared with the control animals. The hepatic total cholesterol and
triglycerides level were also significantly decreased in the groups receiving E. littorale extract, in comparison to
controls. Further, the hepatic marker levels-AST, ALT (aspartate and alanine transaminases), ALP (alkaline
phosphatase), ACP (acid phosphatase), y-GTP (gamma glutamyl transpeptidase), LDH (lactate dehydrogenase),
SDH (sorbitol dehydrogenase), Total bilirubin, total protein and albumin in serum were also restored to normal
level dose-dependently after the supplementation of E. littorale extract in comparison to respective controls.
These biochemical observations were strongly supported by a comparative histoarchitectural examination of
liver sections from treated groups, further corroborated the hepatomodulatory role of E. littole extract. Silymarin
was used as standard drug for comparison with the E. littorale extract. In conclusion, these results suggest the
hepatomodulation by E. littorale Blume against oxidative stress mediated through interference with free radical
generation and reduction in fat metabolism.
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INTRODUCTION

Liver of mammals has been reported as a highly toxicity
sensitive organ. Hepatic injury can be life threatening
when the entirely or most of the liver is exposed with any
hepatotoxicant including CClg, which is required meta-
bolic activation, particularly by the liver cytochrome P-450
enzymes, to form reactive, toxic metabolites, which is turn
cause liver injury in experimental animals and hum-
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humans (Gonzalez, 1988).

CCly, a well known model compound for producing
chemical hepatic injury because it has been administered
to humans in vehicles ranging from shampoo to a drug
against hook worm. It was even used as an anesthetic
and as an analgesic. CClg was also used in fire extingui-
shers, being useful for fighting fires near electrical equip-
ment because it does not conduct electricity. Because of
its qualities as a solvent, it has been used in industry as
cleaning agent, including in the dry cleaning of clothing.
CCly still has a number of industrial applications and,
despite restrictions on its use, its production continues to

increase. Although CCl4 has largely been restricted to



industrial and laboratory uses, instances of CCl4 toxicity
still occur. Most cases have been resulted from industrial
exposure, indiscreet domestic use, or accidental inges-
tion (Williams & Raymond, 1990).

In a serious liver injury through oxidative stress, curren-
tly available drugs have little effect and, to create a dem-
and to develop new drugs. Herbs have attracted a great
deal of interest as physiologically functional foods and as
a source for the development of drugs because herbal
constituents may have stimulating or regenerating effect
on hepatocytes and restored the activities of hepatic sys-
tem through their anti-hepatotoxic, antioxidant and anti-
hyperlipidemic activities (Lee et al., 2004).

Silybum marianum has been commonly standardized
for 70% to 80% silymarin content. A hepatology clinic
patient survey found that 31% were using over-the-coun-
ter "alternative agents" for the therapy for their liver disea-
ses, the most common being milk thistle (Silymarin)
(Flora et al., 1998). In 2001, milk thistle ranked # 12 of
the 20 top selling herbs in the mainstream U.S. market
(Blumenthal, 2002). Therefore, familiarity with this herb,
its constituents, current usage and potential drug interact-
tions is increasingly important for health care provides as
growing numbers of those with liver conditions elect to
use this supplement (Karen and Kris, 2005).

Enicostemma littorale Blume (Gentianaceae), com-
monly known as “chhota chiraita” is an indigenous glab-
rous perennial rainy season herb, growing on moist,
damp and shady ridges and slopes of the borders of culti-
vated fields, found throughout India, bitter in taste and
traditionally used in the treatment of malaria, diabetes,
rheumatism, hypoglycemia, dropsy, hernia, swellings,
itches, filariasis and insect poisoning (Anonymous, 2001).
Animal experiments have reported its hypoglycemic acti-
vity (Vijayvargia et al., 2000), antidiabetic activity (Murali
et al., 2002), though hepatoprotective activity of E. litto-
rale is reported (Senthilkumar et al., 2005), the antioxi-
dant properties of E. littorale against hepatocellular da-
mage needs to be substantiated because the hepatopro-
tective activity through antioxidant potential of E. littorale
are not well established. Preliminary phytochemical stu-
dies have revealed the presence of flavonoids, alkaloids
and glycosides.

Hence, the present study has been undertaken to
investigate the modulatory effects of E. littorale extract on
oxidative response of the liver against oxidative stress -

induced liver injury by CCly in rats.

MATERIALS AND METHODS
Laboratory animals

For the purpose of this study, colony bread, adult, male albino rats,
wistar strain with a approximate weight of 170 g each were used.
The animals were kept, in polypropylene cages under controlled
conditions of temperature (25 + 3°C), light (14L: 10D) and humidity.
The feed consisted of a standard diet marketed by Lipton India, Ltd.
Feed and water were available ad libitum throughout the period of

the study.

Plant material and extraction

E. littorale, collected from Banswara district in the month of July
2005. The plant was identified and authenticated from the Deptt. of
Botany, University of Rajasthan, Jaipur (Specimen No. RUBL -
19815). The whole plants were shade dried and pulverized. The
powder was treated with petroleum ether for defatting as well as to
remove chlorophyll. The powder was packed into a soxhlet
apparatus and subjected to hot continuous percolation using
ethanol (95% V/v) as solvent. The extract was concentrated under

vacuum and dried in a vacuum desiccator (yield 7.3% W/w) and
stored at 4°C until further use. For experimentation, the extract was
dissolved in distilled water just before oral administration.

Silymarin was obtained from German Remedies Ltd., Mumbai for
using as a standard drug for experimentation.

Treatment Protocol

After acclimatization, the rats were divided into following groups,
each group consisting of six animals:

Group | : Untreated rats were kept on normal diet and served as
control.

Group II: Rats were intoxicated with CCls (0.2 ml/kg.b.wt./twice a
week, ip. with olive oil, 1:1) for 21 days.

Group Ill: Rats received 125 mg/kg.b.wt./day, PO. with olive oil of
silymarin and CCls as group I, for 21 days.

Group IV: Rats received 125 mg/kg.b.wt./day, PO. with olive oil of
E. littorale extract and CCla as group I, for 21 days.

Group V: Rats received 250 mg/kg.b.wt./day, PO. with olive oil of E.
littorale extract and CCls as group Il, for 21 days.

Group VI: Rats received 500 mg/kg.b.wt./day, PO. with olive oil of
E. littorale extract and CCla as group I, for 21 days.

On day 22nd, all experimental rats were sacrificed under ether
anesthesia and blood samples were collected by cardiac puncture
in sterilized vials. Serum was separated and stored at—20°C until
assayed. The entire liver was perfused immediately with cold phy-
siological saline and thereafter carefully removed, trimmed free of
extraneous tissues. After that, a part of it was fixed in Bouin's fixa-
tive and paraffin sections were prepared, stained with haematoxylin
and eosin for histoarchitectural examinations. The remaining part
was frozen for biochemical analysis.

Analysis and Processing of the Samples

In serum samples, the biochemical analysis of enzymes viz. AST,
ALT, ALP, ACP, y- GTP, LDH, SDH and total bilirubin, total pro-
teins, albumin levels were performed using kit methods. AST (Batch
No. 61105), ALT (Batch No. 60865) and y-GTP (Batch No. 34004)
kits were purchased from Accurex Biomedical Pvt. Ltd.; Mumbai,
India. LDH (LOT. No. 6854), SDH (LOT No. 6810), ALP (LOT. No.
7093), ACP (LOT. No. 6666), Total bilirubin (LOT. No. 6801), Total
protein (LOT. No. 6808) and albumin (LOT. No. 6988) kits were
purchased from Span Diagnostics Ltd., Surat, India, respectively.

In tissue samples, the quantitative estimation of total cholesterol
(Zlatkis et al., 1953), triglycerides (Gottfried and Rosenberg, 1973),
ascorbic acid (Roe and Kuether, 1943), lipid peroxidation (TBARS)
(Ohkawa et al., 1979), reduced glutathione (Moron et al., 1979),
glutathione-s-transferase (Habig et al.,1974), glutathione peroxi-
dase (Paglia and Valentine, 1967), superoxide dismutase (Mark-
lund and Marklund, 1974) and Catalase (Aebi, 1984) were perfor-
med in liver homogenate, respectively.



The hepatomodulation (H), expressed as percentage (%), was
calculated using the following equation:

T-T
H(%)=—"—x100
T,-Ts

Where, T1 is the mean value of only oxidative stressed animals;
T2 is the mean value of oxidative stressed plus extract and silymarin
treated animals and T3 is the mean value of normal control animals.

Statistical process

The results obtained in the present study were expressed as the
mean + SEM for each parameter and statistically processed by
applying student 't’ test.

RESULTS

The findings of present investigation indicate the ethano-
lic extract of E. littorale, modulate the liver against oxida-
tive stress in a dose dependent manner without any
adverse effect on the animals at the dose levels (125,
250 and 500 mg/kg body weight/day for 21 days, respect-

tively). CCly was used as a oxidative stress agent which
was induced-severe liver injury in experimental animals.

Table 1 shows oxidative stress by CCl, caused signi-
ficant (P < 0.001) alterations in hepatic antioxidant defen-
se system like GSH, GST, GPx, SOD, CAT, Vit. C and
LPO contents in comparison to the normal controls. Con-
comitant significant (P < 0.001) elevations of hepatic-total
cholesterol and triglycerides were also observed after
oxidative stress. Concurrent administration of CClg and E.
littorale extract at the doses of 125, 250 and 500 mg/kg b
wt/day to rats, remarkably antagonised the alteration in
antioxidant defense system like GSH 43.08% (P< 0.001),
76.59% (P< 0.001) & 88.83% (P< 0.001); GST 29.17%
(P< 0.01), 57.92% (P< 0.001) & 78.75% (P< 0.001); GPx
21.36% (P< 0.05), 50.94% (P< 0.001) & 79.81% (P<
0.001); SOD 16.55% (P< 0.05), 54.19% (P< 0.001) &
81.86% (P< 0.001); CAT 34.09% (P< 0.05), 58.16% (P<
0.01) & 72.59% (P < 0.001); Vit.C 37.63% (P< 0.001),
53.61% (P< 0.01) & 60.82% (P< 0.001); and LPO
42.10% (P< 0.05), 75.66% (P< 0.001) & 91.05% (P<
0.001) contents respectively, in a dose dependent man-
ner following 21 days treatment of plant extract. Apart
from this, the levels of total cholesterol 40.07% (P< 0.01),
62.36% (P< 0.001) and 80.02 (P< 0.001) and trigly-
cerides 52.88% (P< 0.05), 68.51% (P< 0.01) & 85.22%
(P< 0.001) were restored dose- dependently, after the E.
littorale supplementation at the doses of 125, 250 and
500 mg/kg b wt/day, in CClg-treated rats (Group IV, V and
VI).

Table 2 shows statistically significant (P < 0.001) altera-
tions in serum —AST, ALT, y-GTP, LDH, ALP, ACP, SDH,
total bilirubin, total protein and albumin levels after CClg
intoxication in comparison to normal controls. Concurrent

administration of CCl4 and E. littorale extract at the doses
of 125, 250 and 500 mg/kg b wt/day to rats, brought
about a remarkable restoration in the levels of AST
43.45% (P< 0.001), 64.82% (P< 0.001) & 92.25% (P<
0.001); ALT 55.06% (P< 0.001), 67.32% (P< 0.001) &
91.31% (P< 0.001); y-GTP 54.90% (P< 0.001), 76.71%
(P< 0.001) & 87.63% (P< 0.001); LDH 52.35% (P<
0.001), 67.86% (P< 0.001) & 91.94% (P< 0.001); ALP
42.63% (P< 0.05), 61.46% (P< 0.01) & 84.62% (P<
0.001); ACP 40.69% (P< 0.05), 66.70% (P< 0.001) &
84.92% (P< 0.001); SDH 57.92% (P< 0.001), 74.57% (P<
0.001) & 90.54% (P< 0.001); total bilirubin 52.14% (P<
0.05), 68.38% (P< 0.01) & 91.00% (P< 0.001); total
protein 41.38% (P< 0.01), 57.47% (P< 0.001) & 99.71%
(P< 0.001); albumin 42.73% (P< 0.05), 59.54% (P<
0.001) & 84.09% (P < 0.001) respectively, in a dose
dependent manner at 21 days treatment of plant extract
(Group IV, V & VI).

Silymarin was used as a standard drug for comparison
with E. littorale observations. Silymarin at the dose of 125
mg/kg b wt/day to rats, remarkably supported the antioxi-
dant defense system like GSH 89.89% (P< 0.001); GST
82.08% (P< 0.001); GPx 87.32% (P< 0.001); SOD
86.85% (P< 0.001); CAT 73.48% (P< 0.001); Vit. C
70.62% (P< 0.001) and LPO 98.88% (P< 0.001) with
concomitant decreased in the levels of total cholesterol
87.09% (P < 0.001) and triglycerides 91.95% (P< 0.001)
in the liver at 21 days of treatment, as shown in the Table
1 (Group III).

Silymarin treatment at the dose of 125mg/kg/b wt/day
to rats, restored all the serum marker enzymes like AST
96.40% (P< 0.001); ALT 93.07% (P< 0.001); v-GTP
91.90% (P< 0.001); LDH 96.41% (P< 0.001); ALP
88.65% (P< 0.001); ACP 86.44% (P< 0.001); SDH
94.34% (P< 0.001) and serum-total bilirubin 96.58% (P<
0.001); total protein 98.85% (P< 0.001) and albumin
86.82% (P< 0.001) contents to the normal levels following
21 days of treatment (Group Il ; Table 2).

Histoarchitectural examination of the liver sections of
rats treated with CCls showed intense centrilobular
necrosis and vacuolization in the group Il compared with
group | (Figure 1 and 2). The rats treated with silymarin
and E. littorale extract, along with CCls, showed signs of
protection against CCly to a considerable extent as
evident from formation of normal hepatic cords and
absence of necrosis and vacuoles in the liver histology in
the group Ill, IV, V & VI (Figure 3, 4, 5 and 6).

DISCUSSION

The findings of the present investigations are based on
the hepatomodulation ability of E. littorale extract to red-
uce the injurious effects caused by CCl4 because hepatic
cells appear to participate in a variety of enzymatic meta-
bolic activities. Metabolically, CCly4 is a well known model
compound for producing chemical hepatic injury, requires
biotransformation by the heaptic microsomal cytochrome



Table 1. Showing hepatomodulation through antioxidant defense system and fat metabolism by Silymarin and different doses of E. littorale extract against oxidative stress in male rats.

GSH GST GPy SOD Catalase Vitamin-C LPO Total Triglycerides
Cholesterol
n % p mole of % n mole of % n % p mole % mag/g % n mole % mag/g % mag/g %
Group mole/g modul | CDNB-GSH mod NADPH mod | mole/ modul- H20:2 mod | tissue | modul- | MDA/ | modul- | tissue | modul- tissue modul
tissue -ation conjugated ul- consumed ul- mg ation consumed/ ul- ation mg ation ation - ation
formed/min/ | ation / min/mg ation | protei min/mg ation tissue
mg protein protein n protein
Normal
(vehicle treated) 3.31+ 4.56+ 9.01+ 8.34+ 62.48+ 2.88+ 3.34+ 7.46% 10.89+
(Gp.) 0.18 0.26 0.50 0.40 3.44 0.26 0.39 0.37 0.91
CCls
(0.2 ml /kg.b.wt/ twice 1.43+ 2.16+ 4.75% 3.93+ 33.44+ 0.94+ 10.49+ 15.67+ 19.21+
a week) 0.09% 0.14° 0.22° 0.17° 2.63° 0.08% 0.85" 0.74% 1.15%
(Gp. 1)
CCl4 + Silymarin
(125 3.12+ 413+ 82.0 8.47+ 87.3 | 7.76x 54.78+ 734 | 2.31% 3.42+ 8.52+ 11.56+
mg/kg.b.wt./day) 0.11% | 89.89 0.20° 8 0.28° 2 | 034® 86.85 2.92° 8 | 022° | 7062 | 026 | 9888 | 033% | 87.09 | 052° | 9195
(Gp. 1II)
CCls + E. littorale
extract 2.24+ 2.86+ 29.1 566+ | 21.3 | 4.66+ 43.34+ 340 | 1.67¢ 7.48+ 12.38+ 14.81+
(125 0.12% 43.08 0.18" 7 0.23° 6 0.26" 16.55 3.17° 9 | 013" | 3763 | 061° | 4210 | 068" | 40.07 0.87° | 52.88
mg/kg.b.wt./day)
(Gp. IV)
CCls + E. littorale
extract 2.87+ 3.55+ 57.9 6.92+ 50.9 | 6.32+ 50.33+ 58.1 | 1.98+ 5.08+ 10.55+ 1351+
(250mg/kg.b.wt/da | 0.107 76.59 0.22° 2 0.25" 4 0.29° 54.19 3.03" 6 | 023" | 5361 | 025" | 7566 | 056" | 62.36 | 057° | 6851
y) (Gp. V)
CCls + E. littorale
extract 3.10+ 4.05+ 78.7 8.15+ 79.8 | 7.54% 54.52+ 725 | 2.12+ 3.98+ 9.10+ 12.12+
(500mg/kg.bwt/da | 0.07° | 88.83 0.21% 5 0.24% 1 | o030® 81.86 3.12% 9 | 018® | 60.82 | 026" | 91.05 | 048® | 80.02 | 042° | 8522
y) (Gp. VI)
Levels of significance : Data are mean + SEM (n=6)
a=P<0.001 Gp. Il compared with control (Gp. I).
a=P<0.001 Gp. lll compared with Gp. Il

a=P<0.001;b=P<0.01;,c=P<0.05

Gp. IV, V and VI compared with Gp. II.




Table 2. Showing hepatomodulation through serum marker parameters by Silymarin and different doses of E. littorale extract against oxidative stress in male rats.

AST ALT y-GTP LDH ALP ACP SDH Total bilirubin Total Albumin
protein
Group (U/ml) (%) (U/ml) (%) auny (%) Uiml)| (%) (KAU) | (%) (KAU) | %) | UWm | %) | (mg/dl (%) (g/d | (%) (g/d (%)
modul modul modul modul modul mod 1) mod ) modul- L) mod L) modul
-ation -ation -ation -ation -ation ul- ul- ation ul- -ation
ation ation ation
Normal 6.5 3.6
102. .
(vehicle treated) | 45-30% 37.19+ 5.73+ 9118 8.81+ 4.84+ 3328. 0.65+ 6+ 3+
(Gp.l) 2.40 2.20 0.35 2.89 0.90 0.68 59 0.09 0.3 0.3
1 2
CCla 3.0 1.4
(0.2 mi/kg.b.wt/ twice | 133.29+ 129.84+ 33.38+ 135+'8 26;17 144'_72 3%34 1.82+ 8+ 3t
a week) 283 2 3455 176 ° T a T a T a Ta 017 2 0.2 0.1
(Gp. II) 3.98 2.18 1.18 .67 7a 7a
CCls + Silymarin 6.5 3.3
106.1 10.78 44.9
(125 48.47ai 96.40 43.611: 93.07 7.97;& 91.90 8+ 96.41 " 88.65 6.181a 86.4 542 94.3 0.69§ 96.58 2+ 98.8 4+ 86.82
mg/kg.b.wt./day) 2.72 2.55 0.50 a a 0.77 4 a 4 0.12 0.2 5 0.1
(Gp. I1l) 2.20 0.88 51 g 4
CCls + E. littorale 4.5 2.3
147.1 18.77 10.70 77.5
extract (125 95.06% | 4345 | 7883% | 5506 | 1820% | 5400 | 4x | 5235 | x| 4263 | x| 406 | gu3 [ 579 | 121 | gpqy [ 22 [ AL3 | TE 4593
mg/kg.b.wt./day) 3.24 275 1.12 a c c 9 a 2 0.16 0.02 8 0.02
(Gp. IV) 3.45 1.25 0.82 18 9 7
CCls + E. littorale 5.0 2.7
132.7 15.50 62.6 1.02.
extract 76.25+ 67.47+ 1217+ 8.13+ 66.7 74.5 8+ 57.4 4+
+ + + +
(250mg/kg.b.wt./da pa1 ® 64.82 po1® 67.32 005 ° 76.71 2+ . 67.86 ., 61.46 e 0 4_23. 7 . 68.38 03 7 O.él. 59.54
y) (Gp. V) 2.35 1.14 56 0.13 3a 8
CCls + E. littorale 6.5 3.2
extract 52.12+ 45.24+ 9.15+ 1103 11.48 633 | 849 | *83 | 905 | 0.762 5: | 997 | 8x
(500mg/kg.b.wt./da 2.10° 92.25 2.32¢ 91.31 0.87¢ 87.63 3+ | 91.94 t | 8462 0.42% 2 St 4 0.09* 91.00 | 0.2 1 0.1 | 84.09
y) (Gp. VI) 2.23 1.07 2.39 9 7
Levels of significance: Data are mean + SEM (n=6)
a=P<0.001 Gp. Il compared with control (Gp. I).
a=P <0.001 Gp. lll compared with Gp. Il

a=P<0.001;b=P<0.01;c=P<0.05

Gp. IV, V & VI compared with Gp. II.




Figure 1. Photomicrograph of control rat
liver section showing well brought central
vein, hepatic cells with preserved cytoplasm
and prominent nucleus at H & E X100

Figure 2. Photomicrograph of rat liver section with CCla4
treatment showing marked steatosis of the hepatocytes
with ballooning degeneration & distended portal vein,
mild periportal fibrosis and necrosis at H & E X100

Figure 3. - Photomicrograph of rat liver section of CCls +
Silymarin (125 mg/kg b wt), showing moderately brought
central vein, hepatic cells with preserved cytoplasm and

prominent nucleus at H & E X100

Figure 5. Photomicrograph of rat liver section of
CClsa + E. littorale extract (250 mg/kg b wt),
showing considerable reduction in necrosis and
fatty changes with pyknotic nuclei and
cytoplasmic clearing at H & E X100 X100

P 450 to produce hepatotoxic metabolites, namely trichlo-

romethyl free radicals (CCl3 and/or CCI300") (Brent and
Rumack, 1993) . Free radicals are involved in the oxida-
tive stress that induced liver injury. Oxidative stress of
hepatocytes mainly indicated by lipid peroxidation (LPO)
because LPO occurs in membranes, where the content of
unsaturated fatty acids in relatively high. Peroxidation of
membrane lipids arising out of oxidative damage in intact
cells results in decreased fluidity, inactivation of mem-
brane bound enzymes and receptors and changes in

Figure 4. Photomicrograph of rat liver section of
CCls + E. littorale extract (125 mg/kg b wt),
showing moderately regeneration in
hepatocellular architecture at H & E X100

Figure 6. Photomicrograph of rat liver section of CCl4

+ E. littorale extract (500 mg/kg b wt), showing
moderately brought central vein, hepatic cell with
preserved cytoplasm and prominent nucleus at H & E

nonspecific ion permeability (Ramachandran et al., 2002).

In the present investigation, the measurement of lipid
peroxidation is a convenient method to monitor oxidative
cell damage. Inhibition of LPO has been observed in
silymarin and E. littorale extract treated groups due to
their antioxidant and free radical scavenging activities
through re-establishment of biomembrans of hepatic
parenchymal cells.

The depletion of GSH promotes generation of reactive
oxygen species and oxidative stress with cascade of eff-



ects thereby affecting functional as well as structural
integrity of cell and organelle membranes. (De Leve et
al., 1996). The elevated level of GSH with silymarin and
E. littorale extract dose- dependently protects cellular pro-
teins against oxidation through glutathione redox cycle
and also directly detoxifies reactive oxygen species
and/or neutralizes reactive intermediate species genera-

ted from exposure to CClg.

The decreased GST activity in CClg exposure found to
be enhanced by silymarin and E. littorale extract signi-
ficantly in a dose-dependent manner. The elevated level
of GST by the extract may have facilitated the conjuga-
tion reaction of xenobiotic metabolism and may have
increased the availability of non-critical nucleophiles for
inactivation of electrophiles (Bharali et al., 2003) and
therefore might be playing a major role in hepatomo-
dulation against oxidative stress.

Reactive oxygen species and free radicals are involved
in oxidative stress-induced liver injury by CCls. The
restoration of the levels of decreased antioxidant profiles
i.e. GPx, SOD, CAT and Vit-C by silymarin and E. littorale
extract may be attributed to have biological significance in
eliminating reactive free radicals that may affect the
normal functioning of cells (Singh, 2000).

The oxidative stress induced severe liver injury by CClg
is also increase the peripheral fat metabolism resulting
enhance hepatic triglyceride synthesis leads to excess
total cholesterol accumulation (Subrata de et al., 1994).
The silymarin and E. littorale extract supplementation in
our study was potentially effective in reduction of excess
total cholesterol accumulation and hepatic triglyceride
synthesis.

Experimental animals exposed with CCls, transami-
nases activity (AST, ALT), ALP, ACP, y-GTP, LDH and
SDH were increased remarkably in plasma by the release
of these enzymes from hepatic paranchymal cells, which
were indicating a considerable hepatocellular injury by
oxidative stress (Bishayee et al., 1995; Achliya et al.,
2004). Oral treatment with silymarin and E. littorale ext-
ract attenuated these increased enzyme activities produ-

ced by CCl4 and a subsequent recovery towards normali-
zation of these enzymes strongly suggests the possibility
of silymarin and E. littorale extract being able to improve
the condition of the hepatocytes so as to cause accele-
rated regeneration of paranchymal cells, thus protecting
against membrane fragility decreasing the leakage of
marker enzymes into the circulation stabilization of
serum-total bilirubin, total protein and albumin levels thro-
ugh the administration of silymarin and the extract are
further a clear indication of the improvement of the func-
tional status of the hepatic cells (Bishayee et al., 1995;
Achliya et al., 2004).

Thus the results of the present investigation are clearly
demonstrate that various biochemical changes, produced
in the serum and liver of rats by CCls treatment, were
significantly restored by the oral administration of silyma-
rin and by E. littorate extract dose dependently. These
findings were further confirmed by a comparative histo-

architectural examinations of the liver from different
groups of rats. Various pathological lesions observed i.e.
marked steatosis, pseudolobulation, ballooning degene-
ration, periportal fibrosis etc. in group I, and were dose-
dependently moderate reduction in group Ill, IV, V & VI.

Conclusion

It may be concluded that the E. littorale extract exhibited
significant hepatomodulation against oxidative stress-
induced liver injury by CCl in rats through antioxidant
potential and free radical scavenging activities alongwith
reduction of fat metabolism.

Further, isolation and characterization of active princi-
ples of E. littorale and their chemical nature responsible
for hepatomodulation are in progress and will be reported
elsewhere.
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