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Objective: To evaluate the protective and curative potential of PHF, a polyherbal formulation,
against two experimentally induced hepatotoxicity models in rats. Methods: Hepatoprotective
activity of the PHF containing three indigenous medicinal plants extracts Coccinia indica, Sida
cordata and Scoparia dulcis, was screened against CCl4 and paracetamol induced hepatotoxicity
in rats. Result: Administration of hepatotoxins (CCl4 and paracetamol) shows significant
morphological, biochemical and histopathological deteriorations in the liver of experimental
Keywords: animals. Pretrez%tment with PHF had s%gniﬁcant protection against he.pz'itic damage by maintaining
ccl, the morphological parameters within normal range and normalizing the elevated levels of
biochemical parameters (SGPT, SGOT, ALP and total bilirubin), which were evidently showed in

aracetamol
E epatoprotective activity histopathological study. Conclusiops: The PHF has highly §ignificant hepatoprotective effect
HPTLC fingerprinting at 100 and 200 mg/kg, p.o. on the liver of all the two experimental animal models. The liver

protection due to combined action of all plant extracts along with their phytoconstituents.

1. Introduction

Liver is a key organ that regulates metabolism, secretion,
storage, and detoxifying functions in the body, and
hepatic damage is often associated with distortion of these
functions(!l. The damage to the liver caused by hepatotoxic
agents is of grave consequencesl(2l. In spite of tremendous
scientific advancement in the field of hepatology in recent
years, liver problems are in rise. Jaundice and hepatitis
are two major hepatic disorders that account for the high
death ratel3l. There are potent indigenous herbal medicines
available for the treatment of liver disorders in various parts
of the world and most of them have not yet scientifically
been validated. If they are conducted, it could lead to the
development of cost effective drugsl4l. In the absence of
reliable modern hepatoprotective drugs, there are a number
of traditional medicines recommended for treatment of
liver diseases. Many herbs such as Silybum marianumis),
Tridax procumbensl6l, and Andrographis paniculatal’l have
been reported to possess hepatoprotective activity. Plants
contain wide variety of bioactive molecules including
terpenoids, steroids, phenols, and flavonoids. In addition
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to their nutritional value these phytoconstituents exhibit
a wide array of pharmacological properties such as anti—
inflammatory, antiviral, anti—proliferative, and anti—
carcinogenicl8l. Plant derived phenolic, flavonoid, and
polyphenolic compounds are considered to contribute to
the prevention of diseases associated with oxidative stress.
A great deal of research has been carried out to evaluate
scientific basis for the claimed hepatoprotective activity
of herbal agents as single agent or in formulation. The
polyherbal formulation (PHF) under study contains plant
ingredients Coccinia indica, Sida cordata and Scoparia
dulcis. These drugs are used in Indigenous and Ayurvedic
system of medicine for the treatment of diseases such
as liver, diabetes, gonorrhea, abdominal pain, diarrhea,
fever and inflammation[9-10l. The ingredients and content
in dose is based on the traditional knowledge on these
plants. Formulation is developed based on Ayurvedic
principles where plants are included for antioxidant
activity, hepatoprotective, bioavalibility enhancement and
specific activity in modulation of different liver disease
conditions as Scoparia dulcis and Coccinia indica of these
herbal formulation are known to have liver modifying
activity[10-12]. The present study was undertaken to
explore the hepdtoprotectlve effects of PHF against CCl4
and paracetamol induced hepatotoxicity in rats as well
as to identify the active constituents responsible for
hepatoprotection.
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2. Materials and methods
2.1. Collection of the plant materials

The plant materials used for the PHF preparation were
Coccinia indica, Sida cordata and Scoparia dulcis. The
plants were collected from Raipur (Lat. 22°33’N; Long.
82°38’E) Chhattisgarh, India. They were identified and
authenticated by office of the Additional Director, Central
National Herbarium, Govt. of India, Howarh and specimen
samples were preserved in the herbarium section of the
Department, with voucher no. CNH/I-304/2010/Tech.II
/360,61,62 for future reference.

2.2. Extraction and preparation of PHF

The plant parts were washed, shade dried and powdered.
In order to prepare the PHF, about 75 g of Coccinia indica
leaves, 45 g of Sida cordata leaves and 30 g of Scoparia
dulcis whole plant powders were soaked overnight in 750 ml
of 959 ethanol. This suspension was filtered and the residue
was resuspended in an equal volume of 95% ethanol for 48
h and filtered again. The two filtrates were pooled and the
solvent were evaporated in a rotary evaporator, to get a yield
of 26 g. This extract was dissolved in distilled water and this
was administered orally to the rats.

2.3. Phytochemical analysis and HPTLC fingerprinting

All the plant extracts were identified according to the
chemical testl13] and fingerprinting data (Co—TLC with
marker). HPTLC is one of the standardization parameter
useful for qualitative and quantitative determination of
phytoconstituents present in the herbal extract/formulation.
HPTLC was performed on TLC plate precoated with silica
gel 60 GF 254 as stationary phase. Various pure solvents of
varying polarity were tried in different proportions as mobile
phase for the development of chromatogramil4l. Tt was
also identified by compounds like Cucurbitacin BI!5] from
Coccinia indica, and Scoparic acid A9l from Scoparia dulcis
Linn.

2.4. Drugs and chemicals

Silymarin procured from Micro labs, Banglore and all
biochemical kits were purchased from Span Diagnostics
Ltd Surat, India. All other chemicals and reagents were
of analytical grade and purchased from local firms. The
HPTLC plate silica gel 60GF—254 (20X20 ¢cm2) was purchased
from E. Merck (Darmstadt, Germany), supplied by Anchrom
Technologies, Mumbai.

2.5. Experimental animals

Male wistar albino rats of 200-230 g were acclimatized
for 7 days under standard husbandry conditions, i.e.,
room temperature of (26x10)C, relative humidity of 45—
55% and light: dark cycle of 12:12 h. All the experimental
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protocols were approved by the institutional Animal Ethics
Committee (IAEC) of Gayatri College of Pharmacy, Sambalpur
(Registration No. 1339/ac/10/CPCSEA). They were allowed to
take standard pellet food (Anjali Animal Food, Indore) and
water ad libitum. All animal experiments were performed
according to the Committee for the Purpose of the Control
and Supervision of Experiments on Animals (CPCSEA)
guidelines.

2.6. Acute toxicity study

Swiss albino mice were divided into test group comprising
of six animals in each group. The test was performed using
increasing oral dose of herbal extracts from 500 to 5000 mg/
kg b.w. The mice were observed continuously for 1 h and
then half hourly for 4 h for any gross behavioral change and
general motor activities like writhing, convulsion, response
to tail pinching, gnawing, pupil size, fecal output, feeding
behavior, etc., and further up to 72 h for any mortality. All
the extracts did not cause any significant behavioral changes
and no mortality was observedi16].

2.7. Experimental Procedure

Hepatoprotective activity of the PHF was demonstrated by
using two experimentally induced hepatotoxicity models.

2.7.1. Carbon tetrachloride (CCl4) induced acute
hepatotoxicity in rats

Wistar rats of 200220 g were divided in to five groups with
six animals each (n=6). Group—1 and group—2 were served as
normal control and disease control respectively. Group-3, 4
and 5 corresponded to reference standard (Silymarin—100mg/
kg/day, p.o., PHF—100mg/kg/day, p.o. and PHF—200mg/kg/
day, p.o. respectively). The treatment lasted for 7 days and on
the seventh day’s night all the animals were fasted for 12 h.
Then all the animals except those in groups—1 were treated
with 1 mL of CCl4 in liquid paraffin (1:1). 24 h after CCl4
administration, body weight recorded and blood samples
were collected for the estimation of biochemical parameters,
namely SGPT, SGOT, ALP and total bilirubin. All the animals
were sacrificed and the liver weight was recorded. Liver
tissues collected were subjected to histopathologyl!7.

2.7.2. Paracetamol—induced hepatotoxicity in rats

Wistar rats of 200-220 g were divided into five groups with
six in each (n=6). Group—1 and group—2 were served as
normal control and disease control respectively. Group—3, 4
and 5 corresponded to reference standard (Silymarin—100mg/
kg/day, p.o., PHF-100mg/kg/day, p.o. and PHF—200mg/kg/
day, p.o. respectively). The treatment was carried out for 7
days and on seventh day’s night all the animals were fasted
for 12 h and all the animals except those in group—1 were
treated with paracetamol (2g/kg, p.o.) in sucrose solution
(409%v/v) in three divided doges. 48 h after paracetamol
administration, body weight was documented and blood
samples were collected for the estimation of biochemical
parameters, namely, SGPT, SGOT, ALP and total bilirubin.
All the animals were sacrificed and the liver weight
was recorded. Liver tissues collected were subjected to
histopathologyl18].
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2.8. Histopathological Studies

For histological studies, the liver tissues were fixed with
10% phosphate buffered neutral formalin, dehydrated in
graded (50—-100%) alcohol and embedded in paraffin. Thin
sections (5M) were cut and stained with routine hematoxylin
and eosin (H & E) stain for photo microscopic assessment.
The initial examination was qualitative, with the purpose of
determining histopathological lesions in liver tissue.

2.9. Statistical analysis

Values were expressed as mean+SEM. Statistical difference
in mean was analyzed using one way ANOVA and followed
by turkey’s multiple comparison tests. P<0.05 were
considered statically significant.

3. Results
3.1. Phytochemical analysis and HPTLC figure printing

All the extracts showed the presence of glycosides,
flavonoids, alkaloids, proteins, carbohydrates and phenolic
compounds. According to TLC results, n—hexane: ethyl
acetate: methanol (6:3:0.5) solvent system for Cucurbitacin
B scanned over the wavelength 280nm and pet—ether:
diethyl ether: methanol (5:4:1) for Scoparic acid A at 254 nm.
Results of HPTLC fingerprinting showed the presence of
Cucurbitacin B at Rf 0.78, and Scoparic acid A at Rf 0.37 in
PHF of Coccinia indica, and Scoparia dulcis, respectively

Table 1
Effect of PHF on CCl4— induced hepatotoxicity in rats.
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Fig. 1.HPTLC finger printing of Compounds.

A) HPTLC densitometric scan of Cucurbitacla B in Coccinia indica
sample.

B) HPTLC densitometric scan of Scoparle acid B in Scoparia dulcis
sample.

C) A typical overlain spectrum of standard drugs and drug extracted
from PHF.

3.2. Effect of PHF against CCl4—induced hepatotoxicity in
rats

Serum biochemical parameters

Group Liver weightig) SGPT SGOT ALP Bilirubin
Gl 6.67+0.23 51.52:07.3 158.8+15.12 427.6%51.4 0.27+0.05
G2 8.2740.14 a 628+15.3% 355.3+18.42% 665.3+17.5% 0.6120.07*
G3 6.9240.17 Y 190.5£105¢a, Y 585.4422.52a, Y 497.3428.7 B 0.57+0.03%
G4 7.1240.24 Y 327.7407.4a,Y ,0 560+£12.81a,Y, 0 388.7+19.3 7 0.69+0.06*
G5 7.0240.12 Y 73.5+05.7 7, O 146.7+11.63 Y , O 435.4+31.68 0.6420.03*

All values are Mean=SEM, n=6.* P<0.05 when compared with normal group, « P<0.01 when compared with normal group, B P<0.05 when

compared with disease control group and ¥ P<0.01 when compared with disease control group, 8 P<0.01 when compared with Silymarin treated

group.

Table 2

Effect of PHF on paracetamol—induced hepatotoxicity in rats.

Serum biochemical parameters

Group Liver weight(g) SGPT SGOT ALP Bilirubin
G1 6.67+0.22 53.65+1.22 158.4+16.13 429.6+42.46 0.28+0.04
G2 8.02+0.13 « 387.15£17.04 « 643.7£32.11 « 167.2+33.75 « 1.6+£0.23 «
G3 6.22+0.16 ¥ 78.42+6.87 Y 186.4+9.05 ¥ 43477117 0.24+0.12 Y
G4 7.33+£0.19 Y 115.5+12.07 B 235.2426.20 B 574.9+23.51 B 0.63+0.07 ¥
G5 6.75+0.11 Y 69.11£3.54 7, O 167.6+17.9 7, O 412315327 0.50+0.18 ¥

All values are Mean+SEM, n=6.* P<0.05 when compared with normal group, « P<0.01 when compared with normal group, B P<0.05 when

compared with disease control group and ¥ P<0.01 when compared with disease control group, 0 P<0.01 when compared with Silymarin treated

group.
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CCl4 per se treated animals showed significant elevation
of serum biochemical parameters, such as SGPT, SGOT,
ALP and total bilirubin. The liver weight was increased
compared to normal control group, and the pathological
lesion of the liver was evident. Pretreatment with silymarin
(100mg/kg, p.o.) and PHF at 100 and 200 mg/kg, p.o. for
7days, had produced significant protective effect on CCl4—
induced hepatic damage by maintaining the morphological
changes and normalizing the elevation of serum biochemical
parameters (SGPT, SGOT, ALP and total bilirubin), and
therefore inhibited the histopathological abnormalities
caused by CCl4. PHF showed dose dependent protection
against CCl4 induced hepatic damage (Table 1 & Figure 2).

Fig. 2.Effect of PHF on CCl4—induced hepatotoxicity in rats
(histopathology)

A: Liver section of normal rat (group—1);

B: Liver section of CCl4—treated rat (group—2);

C: Liver section of rats treated with CCl4 and 100mg/kg of Silymarin
(group—3);

D: Liver section of rats treated with CCl4 and 100mg/kg of PHF
(group—4);

E: Liver section of rats treated with CCl4 and 200mg/kg of PHF
(group-—5).

3.3. Effect of PHF against paracetamol-induced

hepatotoxicity in rats

Administration of the paracetamol per se at a dose of 2 g/
kg, p.o. showed cetrilobular necrosis in histopathological
studies in animal and its association with elevation of serum
biomarkers for liver function, such as SGPT, SGOT, ALP
and total bilirubin. The liver weight was also increased.
Pretreatment with PHF at 100 mg/kg and 200mg/kg, p.o. for
7days offered significant protection against paracetamol—
induced hepatic damage by inhibiting the morphological
changes and maintaining the serum biochemical parameters
(SGPT, SGOT, ALP and total bilirubin). Histopathological
analysis demonstrated that the pathological lesion caused by
paracetamol were very minimal in PHF pretreated groups.
PHF showed dose dependent protection against paracetamol
—induced hepatic damage and the protective effect of PHF
—200 mg/kg, p.o. was comparable with silymarin—100 mg/kg,
p-o. (Table 2 & Figure 3).
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Fig. 3.Effect of PHF on paracetamol—induced hepatotoxicity in rats

(histopathology).

a: Liver section of normal rat (group—1);

b: Liver section of paracetamol—treated rat (group—2);

c: Liver section of rats treated with paracetamol and 100mg/kg of
Silymarin (group-3);

d: Liver section of rats treated with paracetamol and 100mg/kg of PHF
(group—4);

e: Liver section of rats treated with paracetamol and 200mg/kg of PHF

(group—5).

4. Discussion

Liver plays an important role in the metabolism of drug and
nutrients. Because of its central role in drug metabolism,
it is the most vulnerable tissue for drug toxicity. According
to the reports published by USFDA, more than 900 drugs,
toxins, and herbs have been reported to cause liver injury,
and drugs account for 20-40% of all instances of hepatic
failurel191.

Several mechanisms are responsible for either inducing
hepatic injury or worsening the damage process. About
75%—80% of blood coming to the liver arrives directly from
gastrointestinal organs and then spleen via portal veins
which brings drugs and xenobiotic in concentrated form(201.
Many chemicals damage mitochondria, an intracellular
organelle that produces energy, its dysfunction release
excessive amount of oxidants which in turn damage hepatic
cells. Activation of some enzymes in the cytochrome
P-450 system, such as CYP2EI, also leads to oxidative
stress(21l. Injury to hepatocyte and bile duct cells leads
to accumulation of the bile acid inside the liver, which
promotes further liver damage. Non—parenchymal cells,
fat storing stellate cells and leukocytes (i.e. neutrophil and
monocyte) also have roles in the mechanism. In present
study the hepatoprotective effect of PHF, was evaluated
against CCl4 and paracetamol induced hepatotoxicity models
in rats.

In CCl4—induced hepatotoxicity model, upon administration
of CCl4 to animals, it undergoes enzymatic activation,
majorly by CYP2E1, into the trichloromethyl free radical
(CCI3") within the membrane of the endoplasmic reticulum.
This is followed by chloromethylation, saturation,
peroxidation and progressive destruction of the unsaturated
fatty acid of the endoplasmic reticulum membrane
phospholipids. These processes are known as lipid
peroxidation, leading to functional and structural disruption
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of hepatocytesi22].

During hepatic damage, cellular enzyme like SGPT, SGOT,
ALP, bilirubin (Direct & Total) will leak into the serum
resulting in the elevation of their serum concentration, the
increase of the liver weight and volume. Histopathology
of the damaged liver showed histological changes, such
as steatosis (fatty changes in hepatocytes) and perivenular
fibrosis was observedi23I.

Pretreatment with silymarin (100mg/kg, p.o.), PHF (100 and
200 mg/kg, p.o.) for 7 days offered significant protection
against the CCl4—induced hepatic damage. Both the doses
of PHF prevented the histological changes caused by CCl4,
which further confirmed its hepatoprotective activity against
CCl4—induced hepatic damage. The possible mechanism of
action may be associated with inhibition of CYP2E1 activity
or scavenging of free radicals responsible for CCl4 toxicity.
Paracetamol induced hepatotoxicity is one of the well-
known and commonly used animal model for studying the
hepatoprotective property of drugs.

Administration of paracetamol at a dose of 1-3 gm/kg/
day, p.o. results in hepatic damage. The toxic metabolite
N—acetyl-p—benzoquineimine is an oxidative product of
paracetamol formed by the action of cytochrome P-450
and it reacts with reduced glutathione (GSH) to yield non—
toxic—3—-GS—yl-paracetamol. Depletion of GSH causes
the remaining quinone to undergo covalent bonding with
cellular macromolecules (sulphydryl groups of protein)
and leads to cell death. Histopathology of the liver shows
necrosis of the centrilobular hepatocytes characterized
by nuclear pyknosis, eosinophilic cytoplasm and large
excessive hepatic lesions/24].

Pretreatment with sylimarin (100 mg/kg, p.o.) and PHF
(100 & 200 mg/kg, p.o.) for 7 days had significant protection
against the paracetamol induced hepatic damage. The
possible mechanism of action behind the hepatoprotective
activity of PHF in this model may be associated with the
antioxidant property.

In conclusion, our findings clearly state that PHF extract,
at 100mg/kg and 200mg/kg dose level offers significant
dose dependent protection against experimentally induced
hepatotoxic models. The resulting hepatoprotective
activity of PHF could be attributed to phytochemicals like
Cucurbitacin B and Scoparic acid A.
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