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1. INTRODUCTION

The liver plays a major role in the metabolism of carbohydrate, protein and fat.
It secretes bile and synthesizes clotting factors, Vitamin A and plasma proteins. It
detoxifies and excretes both ingested and internally produced toxic substances
including drugs, alcohol and toxins from intestinal microbes and tissue

metabolism.

Hepatotoxicity implies chemically driven liver damage. The excessive use of
certain drugs like paracetamol, carbon tetrachloride (CCl,), heavy metals,
antitubercular drugs like isoniazid and rifampicin, erythromycin and mycotoxins
like aflatoxin B; can cause hepatotoxicity. Hepatotoxins damage liver cells
mainly by lipid peroxidation and other oxidative damages which eventually lead
to hepatitis and cirrhosis. When the liver cells are damaged, clevated levels of
liver marker enzymes like serum alanine amino transferase (ALT), aspartate

amino transferase (AST) and alkaline phosphatase (ALP) are noticed in blood.

Paracetamol (N-acetyl-p-amino phenol) is an extensively used analgesic and
antipyretic drug and though safe when used at therapeutic doses, is associated
with significant hepatotoxicity when taken in overdose (Ramsay et al., 1989).
Paracetamol is metabolized primarily in the liver into non-toxic products and a
minor portion of the drug is metabolized by hepatic cytochrome p450 enzyme
system forming an alkylating metabolite NAPQI (N-acetyl- p- benzo-quinone
imine). NAPQI is primarily responsible for the toxic effects of paracetamol. In
normal conditions NAPQI is detoxified by conjugating with glutathione. In
paracetamol overdose large amount of NAPQI is generated which depletes
glutathione, a natural antioxidant. This in combination with direct cellular injury
by NAPQI leads to cell damage and death.

Liver discases remain as one of the serious health problems and there is a
resurgence of interest in herbal medicines for treatment of various ailments

including hepatopathy. In India, about 40 polyherbal commercial formulations




reputed to have hepatoprotective action are being used. It has been reported that
160 phytoconstituents from 101 plants have hepatoprotective activity. Herbal
drugs are prescribed widely even when their bioclogically active components are
unknown because of their effectiveness, biodegradability, fewer side effects and

relatively low cost (Mohan et al., 2007).

Conventional drugs used in the treatment of liver discases are often
inadequate. It is therefore necessary to search for alternative drugs for the
treatment of liver diseases to replace the currently used drugs of doubtful efficacy
and safety. The hepatoprotective plants include Andrographis paniculata,
Azadirachta indica, Cassia fistula, Elephantopus scaber, Hibiscus rosasinensis,
Phyllanthus debilis, Picrorrhiza kurroo and Glycyrrhiza glabra (Hemalatha
2008).

Azadirachta indica belongs to the family Meliaceae, commonly known as
Neem. The Sanskrit name of Neem tree is ‘Arishtha’ meaning ‘reliever of
sickness’. It is a medium to large sized tree. Native to India, neem is widely
planted and naturalized in semiarid areas throughout Asia and Africa. Neem has
short straight trunk, furrowed dark brown to grey bark and dense rounded crowns
of pinnate leaves.The leaflets are dark green, glossy, sickle shaped with toothed
margin. Various medicinal properties of Azadirachta indica include
hepatoprotective, hypoglycemic, anti-inflammatory, antifertility, antimalarial,
anticarcinogenic, antifungal, antioxidant, antibacterial and antiviral ¢ffects. More
than 135 compounds have been isolated from different parts of neem. These
include proteins and carbohydrates, sulphurous compounds, polyphenolics such
as flavonoids and their glycosides, coumarins, tannins, aliphatic compounds etc.
(Biswas ef al., 2002). Leaves are used in the treatment of neuromuscular pains,
remove toxins and purify blood. Neem bark heals wounds and is also used in
vomition, skin diseases, worm infestations and excessive thirst (Atawodi and

Atawodi, 2009).

Tridax procumbens belongs to the family Asteraceae, commonly known as

coat buttons (English), Kansari or Ghamra (Hindi), Chiravanak (Malayalam),




which is a hispid, procumbent herb. It is found as a weed in fields, meadows, crop
lands, lawns and roadsides in areas with tropical or semi-tropical climates. Leaves
are opposite, green, rough and scabrous. Base is wedge shaped and margin
irregularly toothed. Shape ranges from lanceolate to ovate. It has got a
characteristic odour and acrid taste. It has been extensively used in Indian
traditional medicine as anti-coagulant, antifungal and insect repellent, It possesses
wound healing activity and promotes hair growth. Tridax procumbens is also
dispensed as ‘Bhringraj’, which is a well known Ayurvedic medicine for liver
disorders. It is also used to treat diarrhea and dysentery (Bhagwat et al., 2008).
Earlier workers have already reported the presence of luteoline, glucotureolin, p-

sitosterol, flavone, glycoside and quercetin in Tridax procumbens.

The present study was undertaken to assess the hepatoprotective activity of
ethanolic extract of Azadirachta indica and Tridax procumbens leaves on

paracetamol induced hepatic damage in rats and to compare their action.
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2. REVIEW OF LITERATURE

2.1 PARACETAMOL

Dixon et al. (1975) studied serum transaminase levels after experimental
paracetamol induced hepatic necrosis in rats and found that a dose of 4 g/kg
paracetamol could induce hepatic necrosis and an increase in alanine amino
transferase and aspartate amino transferase after 24 hours of administration.
They reported that the serum enzyme levels give a reliable indication of

the severity of necrosis of liver.

Mogre ef al. (1980) stated that paracetamol at the dose rate of 500 mg/kg
orally twice a day for 7 days inhibited the sodium pump by interfering with
sodium dependent phosphokinase in the reaction sequence of ATPase and

thereby caused liver injury in rats,

Makin and Williams (1993) studied the relationship between alcohol
consumption and hepatotoxicity related to paracetamol ingestion both in cases of
over dosage and in cases where paracetamol was apparently taken for therapeutic
reasons and reported that heavy drinkers did not develop more severe

hepatotoxicity following paracetamol overdose than non-drinkers.

Paracetamol at the dose rate of 2 g/kg orally in rats lowered bile flow, bile
salts, total oxygen consumption and altered the biochemical parameters. The
toxic metabolite of paracetamol (N-acetyl-p-benzoquinone imine-NAPQI)
covalently bound to the receptor of hepatocyte membrane and disturbed the
metabolic activities thereby reducing the viability of hepatocytes (Visen ef
al. 1993).

Effect of acetaminophen on glutathione (GSH) S-transferase and related drug
metabolizing enzymes was studied by Yonamine et @/. (1996). They reported that
acetaminophen caused oxidative stress and reduced GSH content in rat liver
homogenates 1 hour after administration of acetaminophen and GSH content

reached its minimum level at 3 hour.



Kaushal et al. (1999) evaluated the effects of paracetamol induced
hepatotoxicity on microsomal functions and found that paracetamol at the
dose of 650 mg/kg intraperitoneally in rats produced a six fold increase in
AST and eight fold increase in ALT levels. It decreased the Na'-K'- ATPase
activity and disturbed the Ca** homeostasis and caused microsomal
dysfunctions by impairing phospholipids metabolism. They also reported that

paracetamol hepatotoxicity did not affect the lipid peroxidation significantly.

Prescott (1999) observed that the liver damage caused by paracetamol is
through conversion by hepatic cytochrome P 450 enzymes to a toxic
intermediate metabolite N-acetyl-p- benzoquinone imine (NAPQ1) by a process
called metabolic activation. Fasting increased the paracetamol hepatotoxicity in
rats by decreasing glucuronide and sulphate conjugation so that the

proportion converted to the toxic metabolite is significantly enhanced.

Udupa et al. (2000) reported that chronic administration of paracetamol at
the dose rate of 500 and 1000 mg/kg for 4 weeks to rats produced a dose
dependent increase in ALT and AST and reduction in liver Na* K'-ATPase
activity, glycogen and glutathione levels indicating the hepatocellular damage.
Histological examination showed evidence of swelling, hydropic degeneration

and necrosis of the hepatocytes.

Asha (2001) stated that paracetamol over dosage (2 g/kg) in rats damaged liver
mainly by inducing lipid peroxidation directly or indirectly. It elevated the levels
of serum glutamate pyruvate transaminase (SGPT) and serum glutamate

oxaloacetate transaminase (SGOT).

Paracetamol at the dose rate of 5 mmol/kg intraperitoneally in rats caused
increased plasma ALT and AST and glutamate dehydrogenase activities, without

affecting bilirubin or creatinine concentration (Moore ef al,, 2001).

Kurtovic and Riordan (2003) conducted studies on hepatotoxicity induced by

paracetamol at recommended dosage and reported that nutritional impairment and




recent fasting have been identified as key precipitants in patients who developed

liver damage following moderate paracetamol overdose.

Mec.Gregor et al. (2003) studied liver death and regeneration in paracetamol
toxicity and found that paracetamol toxicity in murine liver cause hepatocyte

apoptosis. Apoptosis can cause a significant loss of hepatic parenchyma.

Guzy et al. (2004) studied the effect of paracetamol on mitochondrial
respiration, ATPase, glutathione peroxidase (GPX) and glutathione reductase
(GR) activities in rats and found that paracetamol in toxic doses (500 mg/kg)
exhibited unfavourable effects on mitochondrial respiration and on the activity

of ATPase and showed no significant effects on GPX and GR activities.

Kumar ef al. (2004) stated that paracetamol at the dose rate of 3 g/kg orally in
rats produced increase in levels of SGOT, SGPT, ALP and bilirubin but a

decrease in total protein level.

Dixon éi al. (1975) examined the changes in the liver of rats sacrificed at
various intervals after administratioh of large dose of paracetamol. It was
found that the changes in liver were marked congestion, dilatation of
central veins, disruption of surrounding sinusoids and frank necrosis of
hepatocytes. He also observed that the histopathological changes of

paracetamol over dosage were similar in man and rats.

Paracetamol at the dose rate of 3 g/kg orally for three days in rats produced
elevations of serum marker enzymes like ALP, AST, ALT and lipid peroxides but
caused a decrease in total protein and albumin. The haematological pararﬁeters
were not much affected and on histological examination focal areas of necrosis

were noted (Mathew, 2005).

Mohamed et al. (2005) reported that acetaminophen at the dose of 1 g/kg
caused hepatotoxicity in mice and rats and the toxic pathway is a cytochrome P-
450 dependent N- hydroxylation process in the liver and the hepatotoxicity of
acetaminophen occurred when the liver enzymes catalyzing the normal

conjugation reactions were saturated. Acetaminophen then metabolized and




produced a toxic metabolite N- acetyl- p- benzoquinone imine (NAPQI-
hydroxanic acid) which is then inactivated by conjugation with glutathione. A
* decrease in hepatic GSH to about 20 per cent of initial concentration lead to
covalent binding of acetaminophen metabolite to nucleophilic macromolecules
in the cell and the toxic metabolites of acetaminophen induced cell damage in

liver and other tissues such as kidney tubules.

Paracetamol at the dose rate of 200 mg/kg orally produced the abnormally
high levels of serum ALT, AST, ALP and bilirubin which denoted the damage to
the hepatic cells and also fatal hepatic necrosis in rats, man and mice. They also
reported a reduction in total serum protein and liver glycogen which is associated
with a decrease in the number of hepatocytes and decreased capacity to
synthesize proteins and glycogen and consequently decreased the liver weight.
(Gupta and Misra, 2006). '

Acetaminophen challenge (300 mg/kg, intraperitoneally) in mice for 7 days
caused significant increase in the levels of bilirubin, liver enzymes, thio
barbituric acid reactive substances (TBARS) and iron, while catalase activity and

total protein levels were reduced significantly (Iwalokun et al., 2006).

Studies conducted by Ojo ef al. (2006) in some common Nigerian trees
revealed that paracetamol at the dose rate of 2 g/kg produced increase in serum
levels of ALT, AST and ALP in rats.

Studies conducted by Roy et a/. (2006) revealed that paracetamol at the
dose rate of 1 g/kg in three divided doses produced marked increase in serum
levels of ALT,AST,ALP and bilirubin in rats and it also produced severe
congestion of blood vessels, mild hydropic degeneration, pyknosis of nucleus

and occasional necrosis in liver.

Dash er al. (2007) reported that paracetamol at the dose rate of 750 mg/kg
resulted in a significant elevation of liver specific serum markers like ALT, AST,

ALP, bilirubin and total protein and the levels of thiobarbituric acid reactive



substances (TBARS) in rats. A decrease in the activities of glutathione, SOD and

catalase was also noted.
2.2 HEPATQOPROTECTIVE AGENTS
2.2.1 Azadirachta indica

According to Chattopadhyay et al. (1992), water soluble portion of alcoholic
extract of Azadirachta indica at the dose rate of 1 g/kg orally for seven days
produced marked decrease in the levels of ALT, AST, ALP and acid phosphatase
~ in paracetamol induced hepatotoxicity in rats. It also prevented the necrotic

changes in the liver.

Tripathi ef al. (1994) studied the hepatoprotective activity of Azadirachta
indica against thioacetamide induced liver injury in albino rats by the
administration of alcoholic extract of its leaves at a daily dose of 50 mg/kg for 7
days. A marked reduction in the elevated level of serum parameters like
glutamate oxaloacetate transaminase, glutamate pyruate transaminase, acid

phosphatase, alkaline phosphatase, and glutamate dehydrogenase was noticed.

Bhanwra et al. (2000) conducted studies on the effect of Azadirachta indica
(Neem) leaf aqueous extract on paracetamol- induced liver damage in rats and
found that aqueous A. indica leaf extract (500 mg/kg) significantly reduced the
elevated levels of AST, ALT and gamma GT. Paracetamol induced liver necrosis

was also found to be reduced as observed macroscopically and microscopically.

Biswas ef al. (2002) conducted studies on the biological activities and
medicinal properties of Azadirachta indica and reported the biological activities
of some of the neem compounds isolated, pharmacological actions of the neem
. extracts, clinical studies and medicinal applications of neem along with their

safety evaluation.

Chattopadhyay (2003) studied the possible mechanism of hepatoprotective
activity of A. indica leaf extract in rats by investigating its effects on blood and
liver glutathione, Na* K'-ATPase activity and thiobarbituric acid reactive

substances against paracetamol induced hepatic damage in rats. 4. indica leaf



extract had reversal effects on the levels of above mentioned parameters in

paracetamol hepatotoxicity.

Kale et al. (2003) studied the effect of aqueous extract of Azadirachta indica
leaves on hepatotoxicity induced by antitubercular drugs in rats and reported that
aqueous leaf extract significantly prevented changes in the serum levels of
bilirubin, protein, alanine amino transferase, aspartate amino transferase and
alkaline phosphatase. It also significantly reversed the biochemical and

histological changes.

Chattopadhyay and Bandyopadhyay (2005) studied the possible mechanism of
hepatoprotective activity of Azadirachta indica leaf extract against
paracetamol induced hepatic damage in male albino Wistar rats and found that
paracetamol over dosage caused oxidative stress and Azadirachta indica leaf
extract significantly enhanced the hepatic level of glutathione dependent enzymes

and superoxide dismutase activity, which were lowered due to oxidative stress.

Mathew (2005) studied the hepatoprotective effect of Aegle marmelos (Indian
Bael) and Azadirachta indica (Neem) aqueous leaf extract on paracetamol
induced toxicity in rats and found that 4. indica leaf extract at the dose rate of
500 mg/kg caused significant reduction in the elevated levels of biochemical
parameters like AST, ALT and bilirubin. The haematological parameters were
not much affected and on histological examination focal areas of necrosis were

noted.

Kalaivani et al. (2009) conducted studies on hepatoprotective properties of
aqueous and ethanolic leaf extracts of Azadirachta indica in carbon tetrachloride
induced liver damage in mice at the dose rates of 500 and 600 mg/kg Bwt.
Analysis of SGOT, SGPT and ALP levels revealed that the extracts were

moderately effective when compared to standard drug silymarin treatment.

Maruthappan and Shree (2009) conducted studies on hepatoprotective effect of
Azadirachta indica (Neem) leaves against alcohol induced liver injury in albino

rats. Liver damage was induced in Wistar rats by administering 30 per cent of




10

ethyl alcohol daily for 14 days. Silymarin was given as the reference drug.

Elevated level of serum marker enzymes was significantly reduced.

2.2.2 Tridax procumbens

Ravi kumar ef al. (2005) conducted studies on the hepatoprotective activity of
Tridax procumbens against D-galactosamine / lipopolysaccharide induced
hepatitis in rats and found that pre-treatment of rats with a chloroform insoluble
fraction from ethanolic extract of Tridax procumbens reversed the elevated
levels of serum marker enzymes like aspartate transaminase, alanine
transaminase, alkaline phosphatase, lactate dehydrogenase and gamma glutamyl
transferase and bilirubin to normal levels. The biochemical observations were

supplemented by histopathological examination of liver sections.

Hemalatha (2008) studied the anti hepatotoxic and anti oxidant defence
potential of Tridax procumbens and found that the chloroform fraction of the
ethanolic extract showed the maximum anti oxidant activity, and also reported the
presence of anti oxidant minerals such as Fe, Mg, Cu and Zn. The results were
confirmed by conducting studies on rodents on the anti oxidant potential of T.
procumbens induced through LPS, CCly, alloxan and paracetamol intoxication

induced hepatitis.

Nwanjo (2008) studied the effect of aqueous extract of Tridax procumbens
leaves on lipid peroxidative stress and anti oxidant status in chloroquine induced
hepatotoxicity in rats and found that T. procumbens leaf extract significantly
reduced the elevated levels of malonaldehyde AST, ALT, ALP and increased

superoxide dismutase and catalase levels.
2.2.3 Silymarin

Abrol et al. (2005) evaluated the different silymarin formulations both in vive
and in vitro and found that the hepatoprotective potential of silymarin in lipid
microspheres was enhanced when tested in animal models like rat. It was also

reported that phospholipids have a synergistic effect with silymarin.
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Silymarin offered good protection in various toxic models of experimental
liver diseases in laboratory animals and it acted by antioxidative, antilipid
peroxidative,  antifibrotic,  anti-inflammatory, = membrane  stabilizing,
immunomodulatory and liver regenerating mechanisms (Pradhan and Girish,

2006).

Studies conducted by Dash ef al. (2007) also revealed that silymarin is a
flavolignan having hepatoprotective property. It is a mixture of three structural
components viz silibinin, silydianine and silychristine. Silymarin has
hepatoprotective effects in acute viral hepatitis and intoxication with paracetamol,

carbon tetrachloride and ethanol in rats.

Sinrﬁarin, a flavolignan from Silybum marianum has excellent
hepatoprotective action and its mechanism of action includes inhibition of
hepatotoxin binding to receptor sites on hepatocyte membrane, reduction of
glutathione oxidation to enhance its level in the liver and intestine, antioxidant
activity, stimulation of ribosomal RNA polymerase and subsequent protein
synthesis leading to enhanced hepatocyte regeneration. The study was conducted

in animal models like mice, rabbits and rats. (Dixit et al., 2007).
2.2.4 Other agents/drugs having hepatoprotective activity

Natu et al (1977) studied the effect of Ricinus communis leaves in
experimental liver injury in rats caused by carbon tetrachloride and found that
whole leaves of Ricinus communis provided protection against liver necrosis as
well as fatty changes induced by CCls, while the glycosidic and cold aqueous
extract provided protection only against liver necrosis and fatty changes
respectively. Because of the parasympathetic activity of these leaves, it increased
the blood supply to the liver and thereby offered protection against the

hepatotoxins.

Mogre et al. (1980) studied the effects of Picrorhiza kurroo and Eclipta alba
on Na’K*ATPase in hepatic injury in rats by various hepatotoxic agents like

carbon tetra chloride, paracetamol and aflatoxin. They reported that alcoholic
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extract of Picrorhiza kurroo at the dose rate of 20 mg/kg once daily for seven
days reduced the liver GOT and SGPT in all the three hepatic injuries and
Na'K'ATPase levels were restored to normal. Eclipta alba at the dose rate of 50
mg/kg for seven days also reduced the liver GPT in all hepatic injuries. But GOT
content was reduced only in CCly and paracetamol hepatic injury. Na'K'ATPase

activity was raised in all hepatic injuries.

Singh et al..(1984) reported that Tinospora cordifolia provided protection to
liver from the injurious effect of CCly by the action of stabilizing the liver cell
membrane and by protecting the enzyme related to rough endoplasmic reticulum.
Administration of T. cordifolia before CCl, treatment significantly shortened the

hexobarbitone and pentobarbitone induced sleeping time in CCls treated rats.

Agrawal et al. (1986) conducted screening of Phyllanthus niruri and Ricinus
communis on alcohol induced liver cell damage in non- hepatectomised and
partially hepatectomised rats and found that 50 per cent alcoholic extract of roots
and leaves of Phyllanthus niruri has got hepatoprotective effects on alcohol
induced liver cell damage. The alcoholic extract of Ricinus communis did not

show any significant hepatoprotective activity.

Gulati et al. (1991) reported that ethanolic extract of roots of Boerhaavia
diffusa at the dose rate of 100 mg/kg body weight/day for 21 days in albino
rats offered significant hepatoprotection in country made liquor hepatotoxicity.
It normalized the level of ALT, triglycerides and cholesterol in extract treated

animals.

Chattopadhyay et al. (1992) studied the effect of Ocimum sanctum leaf extract
on paracetamol induced hepatic damage in rats and found that Ocimum sanctum
protected the rats from the hepatotoxic action of paracetamol as evidenced by

significant reduction in serum levels.

Murti and Srinivasan (1993) stated that Tephrosia purpurea at 500 mg/kg dose
level offered hepatoprotection in D-galactosamine and CCl, induced toxicity in

rats. It decreased the serum marker enzymes like SGPT, SGOT and bilirubin.
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A synthetic agent 89/62 (3 cyano-4 —-Methyl -5- Vinyl Pyridine) which is
structurally similar to ricinine from the Ricinus communis produced a marked
increase in bile flow, bile salts, bile acids like cholic acid and deoxycholic acid
| in rats. It also normalized the serum marker enzymes in various toxicities and

thereby acting as hepatoprotective (Visen et al., 1993).

Sultana e al (1995) conducted studies on crude extracts of hepatoprotective
plants, Solanum nigrum and Cichorium intybus in the reaction mixture containing
calf thymus DNA which inhibit free radical mediated DNA damage and reported
that this effect was dependent on the concentration of plant extracts, These studies
suggested that the observed hepatoprotective effect of these crude plant extracts
was due to their ability to suppress the oxidative degradation of DNA in the tissue

debris.

Ursolic acid which is isolated from the leaves of Eucalyptus tereticomis have
significant hepatoprotective activity in thioacetamide, galactosamine and CClg
induced hepatotoxicity in rats (Saraswat et al., 1996). Pre-treatment with ursolic
acid increased the viability of rat hepatocytes. It also showed anticholestatic

activity in a dose dependent manner,

N Acetyl Cysteine (NAC) at the dose rate of 400 mg/kg showed significant
hepatoprotective property in mice by its ability to enhance the glutathione
synthesis there by providing more substrate for the detoxification of the

hepatotoxic metabolite of paracetamol (Al-Mustafa ef al., 1997)

Jayasekhar et al. (1997) stated that at the dose rate of 250 mg/kg the ethyl
acetate extract of Acacia catechu offered significant hepatoprotection by lowering
the increased level of serum transaminase, serum ALP and serum bilirubin in

CCl; treated rats.

Rao and Misra (1997) studied the effects of different parts of Sida rhombifolia
on chemical and drug induced hepatotoxins like paracetamol, carbon
tetrachloride, rifampicin and on carrageenan induced paw oedema in rats. The

powdered roots, aerial parts and their aqueous extract showed significant
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hepatoprotective activity while methanolic extract of aerial parts has significant

oedema suppressant activity in rats.

Ahmad et al. (1999) studied the hepatoprotective potential of Jigrine, which is
a polyherbal preparation containing 14 medicinal plants on thicacetamide
induced hepatotoxicity in rats and reported that pre-treatment with Jigrine
reduced the elevated levels of AST, ALT, Na* and K levels in serum and
TBARS. Its effects on tissues were similar to Silymarin which was recognized as

a standard hepatoprotective drug.

Al- Sereiti ef al. (1999) reported that the lyophilized ethanol and aqueous
extracts of young sprouts of Rosemarinus officinalis (Rose Mary) has choleretic
activity and offered protection against CCls induced toxicity in rats. It caused a
significant increase in bile flow and a significant reduction in elevated plasma

liver enzymes.

Aqueous and alcoholic extract of Cassia occidentalis at the dose rate of 500
mg/kg orally for 7 days provided sufficient hepatoprotection in paracetamol

and ethyl alcohol intoxication in rats (Jafri ef al., 1999).

Dahanukar ef al. (2000) conducted phytochemical studies associated with the
pharmacological activity of medicinal plants and natural products and provided a
description on individual plants and polyherbal formulations. They also compiled
the data generated through research studies done on a large number of medicinal

plants,

Trivedi and Rawal (2000) conducted hepatoprotective and toxicological
evaluation of Andrographis paniculata on severe liver damage caused by
BHC (hexachloro cyclohexane) in albino mice. They found that Andrographis
paniculata  at the dose of 12 mg/kg provided protection by decreasing the
elevated levels of ALP, AST, ALT and gamma GPT and lowering the lipid

peroxidase activity.

Asha (2001) studied the hepatoprotective activity of Marmodica

subangulata and found that administration of tender leaves at the dose rate
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of 50 mg/kg markedly prevented paracetamol induced elevation of serum

enzymes such as ALT, AST and ALP inrats.

Ginkgo biloba at the dose rate of 50 mg/kg intraperitoneally for 7 days
decreased the elevated levels of AST, ALT, ALP and increased the total
protein and albumin levels in rats against CCl, induced toxicity and reported
that Ginkgo biloba protected the liver from CCl; induced liver damage
(Shenoy ef al., 2001).

Hewawasam ef al. (2003) conducted studies on the protective effect of
Asteracantha longifolia extract in mouse liver injury induced by carbon
tetrachloride and paracetamol and reported that 4. longifolia reduced the alanine
amino transferase (ALT) level but increased the liver reduced glutathione level in
the pre-treated group, 4 days after the administration of CCls. A similar pattern
was observed in the pre treated group 4 hours after the administration of
paracetamol with a reduction in serum levels of ALT, AST and ALP.

Histopathological studies also provided supportive evidence for the results.

Ethanolic and butanolic extract of fruits of Piper longum at the dose rate of
300 mg/kg orally for 4 days offered hepatoprotection in CCl; induced
hepatotoxicity in Wistar rats by decreasing the elevated SGPT and SGOT activity
(Jalalpure et al., 2003).

Aqueous extract of the seeds of Nigella sativa were tested for hepatoprotective
activity on male Wistar rats against carbon tetrachloride induced hepatotoxicity.
Aqueous extract showed significant hepatoprotective activity by lowering the
elevated levels of serum marker enzymes like ALT and AST (Mohideen ef al.,
2003).

According to the studies conducted by Gupta ef al. (2004) the methanol
extract of the plant Bauhinia racemosa at the dose rate of 50,100 and 200
mg/kg produced significant hepatoprotective effect on both paracetamol and
CCl, toxicity by decreasing the activity of serum marker enzymes like ALP,
AST, ALT and bilirubin and lipid peroxides. It significantly increased the levels
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of GSH, SOD, CAT and protein in a dose dependent manner and it also had
antioxidant effects on ferric chloride- ascorbate- induced lipid peroxidation in rat

liver homogenate.

Guzy ef al. (2004) reported that quarcetin (3, 3> 4°, 5, 7 Penta hydroxy
flavone) is the major bioflavonoid in tea, onion and red wine which offered a
potential for ameliorating the hepatotoxicity of paracetamol in rats by its
antioxidant effect and preventing the paracetamol induced reduction in oxygen

consumption.

Hewawasam ef al. (2004) found that pre-treatment of Epalfes divaricata
extract at the dose rate of 0.9 g/kg orally for 7 days in mice significantly reduced
the elevated serum levels of ALT, AST, ALP but significantly increased the liver
reduced glutathione in CCl, induced hepatotoxicity.

Kumar et al. (2004) evaluated the effect of ethanolic extract of Trianthema
portulacastrum against paracetamol induced hepatotoxicity in rats. Treatment of
rats with a dose rate of 200 mg/kg orally for 10 days significantly reduced the
increased levels of AST, AST, ALP and bilirubin. It significantly increased the

total protein concentration.

According to Banerjee et al. (2005) the antioxidant property of fruit skin of
Eugenia jambolana was due to the presence of anthocyanins, antioxidant

vitamins, phenolics or tannins which can prevent lipid peroxidation.

Maheswari and Rao (2005) studied the effect of oral administration of grape
seed oil (GSO) against CCl; induced hepatotoxicity in rats and found that oral
administration of GSO (3.7 g/kg) for seven days resulted in a significant
reduction in serum AST, ALT, ALP levels, liver MDA(Malondialdehyde) and
hydroperoxidases. A significant improvement of glutathione, SOD, catalase and
total protein were also noted. The histological changes caused by CCl, were also

brought back to normalcy in drug co-administered rats.

Mangathayuru ef al. (2005) studied the effect of Leucas aspera on CCl,

induced hepatotoxicity in rats and reported that pre-treatment with the dose of
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200 and 400 mg/kg significantly reduced the elevated liver enzymes, which
showed its hepatoprotective action. They also stated that the antioxidant activity

of flavonoids was responsible for the hepatoprotective action.

Mankani et al. (2005) reported the hepatoprotective activity of ethanolic
extract of stem bark of Pterocarpus marsupium in rats and described that at a
dose rate of 25 mg/kg /day orally for 14 days, the toxic effect of CCls; was
controlled significantly as evidenced by restoration of the levels of serum

bilirubin, proteins and enzymes to the normal level.

Mathew (2005) conducted studies on the hepatoprotective effects of aqueous
leaf extracts of Aegle marmelos and Azadirachta indica in paracetamol toxicity in
rats and found that Azadirachta indica at the dose rate of 500 mg/kg orally for 12
days and Aegle marmelos at the rate of 1 g/kg orally for 12 days offered good

protection by reducing the liver serum marker enzymes.

The methanolic extract of the plant Berberis tinctoria at the dose rates of 150
and 300 mg/kg produced significant hepatoprotective effects on paracetamol
induced hepatic damage in rats by decreasing the activities of serum marker
enzymes like ALT, AST, ALP and levels of bilirubin and lipid peroxidase. But it
significantly increased the levels of glutathione (GSH), catalase (CAT) and
superoxide dismutase (SOD) in a dose dependent manner because it possessed
good antioxidant property. Its effects were comparable with the standard

hepatoprotective drug silymarin (Murugesh et ai., 2005).

Oyejide and Olushola (2005) studied the hepatoprotective and antioxidant
effects of extract of Carmellia sinensis (black tea) in rats against the sodium
oxalate toxicity. They reported that at a dose rate of 100 mg/kg, the serum and
tissue levels of malonaldehyde as well as AST and ALT activities were
significantly lowered in a dose dependent manner. The results also indicated that
prolonged tea administration at the dose rate of 200 mg/kg body weight for 20
days significantly increased serum vitamin C level and the activity of catalase in

the serum, liver and kidney.
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Studies conducted by Tabassum et al. (2005) revealed that Phyllanthus niruri
extract at the dose rate of 100 mg/kg/day for five consecutive days offered
sufficient hepatoprotection in paracetamol induced hepatotoxicity in mice as

evidenced by the estimation of the liver marker enzymes.

Antony et al. (2006) studied the hepatoprotective effect of Centella asiatica
against CCls induced hepatotoxicity in rats and found that the alcohol extract
orally in two doses 20 and 40 mg/kg/day significantly reduced the elevated levels
of ALT, AST and ALP toxicity. They also reported that the administration of
asiaticoside significantly increased the level of antioxidant enzymes like Super

Oxide Dismutase, catalase and glutathione peroxidase.

Chattopadhyay et al. (2006) conducted studies on the liver regenerative effect
of Phyllanthus amarus Linn. against alcohol induced liver cell injury in partially
hepatectomised albino rats and found that oral administration of the extracts
increased the activities of thymidine kinase in regenerating rat liver at 24 hr. The
increase in thymidine kinase was caused by comparable increase in the DNA and
protein content. These findings suggested that Phyllanthus amarus induced DNA
synthesis by inducing the levels of nucleic acid synthesizing enzymes during liver

regeneration.

Gupta and Misra (2006) reported the hepatoprotective activity of aqueous
ethanolic extract of Chamomile capitula in paracetamol intoxication in rats.
Administration of the plant extract increased the concentration of glutathione and
enhanced Na* K' ATPase activity. Treatment with aqueous ethanolic extract of
Chamomile recutita reduced the enhanced level of serum ALT, AST, ALP and
bilirubin. It acted as a free radical scavenger and increased the GSH in blood and
by its antioxidant effects. They also reported that the hepatoprotective activity of
the powdered drug and its extract was due to the stimulatory effects on hepatic

regeneration or free radical scavenging effects.

Iwalokun et al. (2006) evaluated the hepatoprotective and antioxidant effects
of an aqueous extract of Vernonia amygdalina leaves against acetaminophen

induced hepatotoxicity and oxidative stress in mice in vivo. They reported that
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pre administration of Vernonia. amygdalina resulted in a dose dependent (50-100
mg/kg) reversal of acetaminophen induced alterations of all the liver function
parameters and suppression of acetaminophen induced lipid peroxidation and

oxidative stress.

According to Jain et al (2006) ethanolic extract of leaves of Tephrosia
purpurea and flavonoid isolated from leaf extract offered sufficient
hepatbprotection in CCl, induced hepatotoxicity in rats at the dose rate of 100 mg/
kg/day for 4 days. It caused a decrease in SGOT, SGPT, SALP and total bilirubin

to normal level.

Kumar er al. (2006) evaluated the protective effect of root extract of
Operculina turpethum against paracetamol induced hepatotoxicity in rats and
found that the ethanolic extract obtained from the plant at a dose rate of 200
mg/kg has significant hepatoprotective effect by lowering serum levels of SGOT,
SGPT, ALP and total bilirubin. It could prevent paracetamol induced hepatic

necrosis also.

Olaleye et al. (2006) discovered that an African plant Alchornea cordifolia
significantly protected against hepatotoxic, necrotic and peroxidative actions of
acetaminophen and prevented the accumulation of toxins in liver and inhibited the
formation of peroxides at a dosage between 300-500 mg/kg of the extract. It

normalized the elevated serum enzymes in paracetamol toxicity in Wistar rats.

Ozbek ef al. (2006) reported that the Foeniculum vulgare fixed oil (FFO)
offered sufficient hepatoprotection in CCl, induced liver fibrosis in rats. The FFO

at the dose rate of 0.2 mg/kg three times a week for 7 days reduced the elevated
levels of ALT, AST, ALP and bilirubin.

Psidium guajava leaf extract at the dose level of 500 mg/kg orally significantly
reduced the elevated serum levels of ALT, AST, ALP and bilirubin. It prevented
the increase in liver weight in paracetamol toxicity in rats. It gave protection

against CCly and thioacetamide induced hepatotoxicity. This plant also showed
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antibacterial, antidiarrhoeal, hyperglycaemic and antioxidant activities in addition

to the hepatoprotective effect (Roy et al., 2006).

Antioxidant and protective effect of an oleanolic acid enriched extract of
Actinidia deliciosa (Chinese gooseberry) root on CCl, induced liver injury in rat
was studied by Bai et al. (2007). They reported that at 120 mg/kg dose, ethanol
water extract of this plant showed high antioxidant activity in vifro and
hepatoprotective property in vivo when analyzed by ferric thiocyanate and
thiobarbituric acid methods. It reduced the elevated serum marker enzymes and

lipid peroxidase while GSH concentration was increased.

Bose et al. (2007) evaluated the antioxidant and hepatoprotective effects of
Eupatorium ayapana in CCl, induced hepatotoxicity in rats and reported that the
methanol extract of the plant at the dose rate of 200 and 300 mg/kg produced
significant hepatoprotective effect by decreasing the activity of serum enzymes,
bilirubin, uric acid, lipid peroxides. It also significantly increased the levels of

SOD, CAT, GSH and protein in a dose dependent manner.

Chloroformic and methanolic extract of the plant Ichnocarpus frutescens at a
dose level of 250 mg/kg and 500 mg/kg offered significant hepatoprotection by
decreasing the activity of serum enzymes, bilirubin and lipid peroxidase. These
significantly increased the levels of glutathione (GSH), superoxide dismutase
(SOD) and catalase (CAT) in a dose dependent manner in paracetamol induced
hepatotoxicity in rats and these results were comparable with those of the
standard hepatoprotective drug silymarin. These have potent antioxidant effects

also (Dash er al., 2007).

Guirati et al. (2007) investigated the hepatoprotective activity of alcoholic
aqueous extract of leaves of Tviophora indica against ethanol induced
hepatotoxicity in rats. They found that pre-treatment with alcoholic or aqueous
extract significantly prevented the physical, biochemical, histological and
fuhctional changes induced by ethanol in liver at the dose levels of 200 and 500
mg/kg alcoholic extract and 125 and 300 mg/kg aqueous extract.
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Mir et al. (2007) reported that the alcoholic extract of Embilica officinalis at
the dose rate of 100 mg/kg orally for 8 weeks reversed the CCly, paracetamol and
thioacetamide induced abnormal histopathology in liver cells of rats by its ability

to accelerate the regenerative activity.

The methanol extract of the leaves of Ficus carica was evaluated for its
hepatoprotective activity in rats with liver damage induced by CCls. It was
reported that the extract at an oral dose of 500 mg/kg exhibited a significant
protective effect by lowering the increased serum levels of ALT, AST, total
bilirubin and malonaldehyde equivalent and an index of lipid peroxidation in liver

(Mohan et al., 2007).

Pimple et al. (2007) reported the hepatoprotective effect of fruits and leaves of
Tamarindus indica at the dose rate of 350 mg/kg. It reduced the serum enzyme
levels of ALT, AST and ALP in paracetamol induced hepatotoxicity.

Sengottuvelu ef al. (2007) conducted studies on the hepatoprotective activity
of Cleome viscosa in CCly induced hepatotoxicity in rats. They reported that
aqueous seed extract of Cleome viscosa at the dose rate of 200 mgkg
administered orally for 7 days, reduced the activities of serum ALT, AST, ALP,
Gamma- glutamyl trénspeptidase and lipid peroxidase but increased the reduced
glutathione (GSH) in the treated animals. The histopathological changes were

also reversed by the extract.

Sundaram and Mitra (2007) reported on the antioxidant activity of ethyl
acetate soluble fraction of Acacia arabica bark in rats and they reported that
polyphenol rich active fractions of Acacia arabica as a potent free radical
scavenger thereby showing its hepatoprotective effect at the dose rate of 150 mg/

kg for 19 days in carbon tetrachloride induced toxicity.

Usha ef al. (2007) conducted studies on hepatoprotective effect of Hygrophila
spinosa and Cassia occidentalis on carbon tetrachloride induced liver damage in
rats and found that the increased enzyme levels after liver damage were nearing to

normal value when treated with aqueous extract of root samples.
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Histopathological observation also proved the hepatoprotectivity of the root

samples.

He et al. (2008) conducted studies on the hepatoprotective effects of
Gangoderma lucidum peptides (GLP) against carbon tetrachloride induced liver
damage in mice and revealed that the serum ALT and AST activities and necrotic
and pathological hepatocytes were reduced in a dose dependent manner in GLP
treated groups. CCL induced liver damage was largely prevented as suggested by

histopathological examination.

Kang et al. (2008) studied the effects of fucocidan extracts (FE) on CCl, -
induced liver injury and found that female Sprague-Dawley rats which were
administered FE (100 mg/kg) for 14 days and CCls on the 15™ day suppressed the
increment levels of GOT, GPT, ALP, LDH and MDA as well as recovered the
levels of SOD, CAT and GPX in CCls treated rats. Moreover there was a
significant decrease in the incidences of necrosis and cirrhosis in the liver tissues

of FE treated rats.

Manoharan et al. (2008) conducted studies on the potential hepatoprotective
effect of aqueous extract of Gracilaria corticata in AFB, induced hepatotoxicity
in Wistar rats and found that elevated levels of total bilirubin, SGOT, SGPT,
LDH and ALP in aflatoxin B, intoxicated rats were restored to normal level in the

rats treated with aqueous extract (250 mg/kg Bwt) and aflatoxin B;.

Akare et al. (2009) studied the hepatoprotective activity of Acacia ferruginea
leaves against carbon tetrachloride induced liver damage in Wistar rats and
revealed that the ethanol extract at the dose of 200 mg/kg significantly decreased
the level of ALT, AST, total bilirubin and direct bilirubin in blood as compared to
that of aqueous extract. The phytochemical screening revealed the presence of

flavonoids and tannins which offer hepatoprotection.

Bhawna ef al. (2009) conducted studies on the hepatoprotective activity of

some indigenous plants and confirmed the efficacy of several plants in the
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treatment of liver diseases. They also reported some indigenous plants which are

used commonly for prevention and treatment of liver disorders.

Gupta and Kumar (2009) evaluated the hepatoprotective activity of Cleome
viscosa Linn extract against carbon tetrachloride (CCl,) induced hepatotoxicity in
rats and found that the elevated levels of SGOT, SGPT, ALP and bilirubin (total
and direct) were significantly reduced after treatment with the ethanolic extract at

doses (100 and 200 mg/kg Bwt).

The aqueous extract and steam distilled oil obtained from Ocimum sanctum
Linn (OS) were evaluated for hepatoprotective activity against ethanol induced
cell damage in human derived Hep G, cells. The results indicated that
morphological changes in Hep G; cells induced by ethanol were restored to
normal by the aqueous extract and steam distilled oil at different doses (3-100 ug/
ml).They also reduced the elevated enzyme levels of ALT and AST (Kaur ef al.,
2009).

2..3 OTHER PHARMACOL.OGICAL EFFECTS OF Tridax procumbens
(CHIRAVANAK)

Diwan ef al. (1989) conducted pharmacological and biochemical evaluation of
Tridax procumbens on inflammation by evaluating its effects on various
inflammatory models in rats and mice and reported that T. procumbens
significantly reduced exudates volume, leukocyte migration, edema fluid,
granuloma tissue and gamma glutamyl trans peptidase activity which indicated

good anti inflammatory action.

Udupa ef al. (1991) conducted studies on the influence of Tridax procumbens
on lysyl oxidase activity and wound healing and reported that lysyl oxidase
activity, protein content, specific activity and breaking strength were all increased
in drug treated animals as compared to controls. A fall in the lysyl oxidase

activity was observed in drug treated animals after day 8.
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Devi ef al. (1994) studied the cardiovascular effects of Tridax procumbens by
subjecting the water extract of leaves of 7. procumbens to pharmacological studies
on cardiovascular system. The extract produced significant cardiac stimulation in
isolated mammalian heart and perfused amphibian heart in sitw. On anaesthetised
dog the extract produced sharp but short lasting fall in BP which was not blocked

by atropine and mepyramine,

" Kanungo er al. (1994) conducted studies on the effects of 7ridax procumbers
Linn on normal and heparin induced prolongation of clotting time in rabbits by
injecting normal saline i.p. and clotting time was recorded at prefixed time
interval. Groups 2, 3 and 4 were injected Tridax procumbens extract (200 mg/kg,
i.p), heparin (50 mg/kg i.v.) and extract with heparin respectively and clotting
time was recorded. The extract significantly reduced the normal clotting time

prolonged by heparin.

Yadava and Saurabh (1998) conducted studies on the isolation and
identification of a new flavone glycoside, 5, 7, 4’- trihydroxy-6, 3’- dimethoxy —
flavone 5-O- alpha — L. — rhamnopyranoside 1, having antioxidant property from

the leaves of Tridax procumbens.

Ali and Jahangir (2002) conducted studies on a bis — bithiophene from Tridax
procumbens and found that the ethyl acetate soluble part of hexane extract of
T.procumbens yielded a new bis — bithiophene named tridbisbithiophene along
with four known terpenoids: taraxasteryl acetate, beta — amyrenone, lupeol and
oleanolic acid. The structures of all the isolated constituents were elucidated with

the aid of spectroscopic methods.

Tiwari et al. (2004) studied the immunomodulatory effects of aqueous extract
of Tridax procumbens in experimental animals and reported that intraperitoneal
administration of 7. procumbens ethanol insolublé fraction (TPEIF) at doses of
0.25 and 0.5 mg/kg Bwt caused a significant increase in the phagocytic index,
leukocyte count and spleenic antibody secreting cells. Stimulation of humoral

immune response was further observed with elevation in the haemagglutinin
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antibody titre. The results suggested that TPEIF influenced both humoral as well

as cell mediated immune system.

Bhagwat et al. (2008) conducted studies on anti-diabetic activity of leaf extract
of Tridax procumbens and concluded that the oral administration of dried
aqueous, alcoholic and petroleum ether extracts at doses of 200 mg/kg led to a

significant blood glucose reduction.

Agrawal et al. (2009) studied the antioxidant activity of fractions from Tridax
procumbens and showed that the ethyl acetate and n-butanol fractions from
methanolic extract had significant activity which is comparable to the activity of
ascorbic acid. Fractionation of the parent extract reduced the complexity of the
material and provided more accurate idea related to the phytochemicals

responsible for antioxidant activity.

Pareek et al. (2009) conducted studies on the hypoglycaemic and anti-
hyperglycaemic potential of Tridax procumbens by orally administrating the leaf
extract at doses 250 and 500 mg/kg Bwt. which showed a significant reduction in
fasting blood glucose levels in diabetic rats. The results of anti diabetic effect of
T. procumbens were compared with the reference drug glibenclamide (10 mg/kg
Bwt.).

24 OTHER PHARMACOLOGICAL EFFECTS OF Azadirachta indica
(NEEM)

Chattopadhyay (1999) studied the possible mechanism of antihyperglycemic
effect of Azadirachta indica leaf extract in rats and found that the extract
significantly blocked the inhibitory effect of serotonin on insulin secretion

mediated by glucose.

Siddiqui et al. (2002) isolated two new triterpenoids, 22, 23- dihydronimocinol
(1) and desfurano-6 alpha-hydroxy azadirone (2) from a methanolic extract of
fresh leaves of Azadirachta indica along with a known meliacin. Compounds 1
and 2 showed mortality for fourth instar larvae of the mosquito Anopheles

stephensi.

~
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Abudulai et al. (2004) studied the effects of Neem (Azadirachta indica) on
predators of Nezara viridula by évaluating the effects of the commercial Neem
formulation Neemix on predators of N. viridula eggs in the field like ants and
coccinellids and suggested that Neem may not interfere with predation on N

viridula eggs.

Chattopadhyay and Bandyopadhyay (2005) conducted studies on the effect of
Azadirachta indica leaf extract on serum lipid profile changes in normal and
streptozotocin induced diabetic rats and found that the extract significantly
reduced the total cholesterol, LDL-VLDL cholesterol, triglycerides and total
lipids of serum in streptozotocin induced diabetic rats but HDL cholesterol levels
remained unchanged when compared with streptozotocin induced diabetic control

rats.

Thakurta et al. (2007) conducted studies on antibacterial, antisecretory and
antihemorrhagic activity of Azadirachta indica used to treat cholera and diarrhoea
in India and found that the methanol extract of neem leaf had significant
antibacterial activity against the multidrug resistant Vibrio cholerae of various
serotypes. Neem extract showed antisecretory activity on V. cholerae induced
fluid secretion in mouse intestine. Oral administration of the extract inhibited

haemorrhage induced by V. cholerae in mouse intestine.

Mossini and Kemmelmeier (2008) conducted studies on the inhibition of
citrinin production in Pericillium citrinum cultures by Neem and found that
mycotoxin production by the isolates was suppressed depending on the
concentration of the plant extract added to-the culture media at the time of spore
inoculation. High performance liquid chromatography was performed to confirm
the spectrophotometric results. Neem leaf extract showed inhibition of toxin

production without retarding fungal mycelia growth.

Koul et al. (2009) conducted qualitative tests of Azadirachta indica leaf
extracts for screening of various phytochemicals. Aqueous and petroleum ether 4.
indica leaf extracts reduced the inflammation caused by S.typhimurium and its

outer membrane proteins as assessed by paw flicking response in rats. Petroleum
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ether A. indica leaf extract was found to be more effective than aqueous leaf
extract. Significantly lower levels of monokines were also observed in the
presence of petroleum ether leaf extracts than aqueous extract. These observations
may be due to the presence of steroids and triterpenoids observed in petroleum

ether extract.

Olabinri et al. (2009) studied the antioxidant capacity of the leaf, stem and
root barks of Mangifera indica and Azadirachta indica and reported that the leaf
of A. indica belonged to good ferric reducing antioxidant power (FRAP). Both the
stem and root bark of 4. indica and all the parts of M. indica investigated
belonged to high FRAP. Antioxidant activity depends on total phenolic
concentration for stem bark and leaf of M indica and for the root bark of 4.

indica.

Wankar ef al. (2009) evaluated the effect of Neem (dzadirachta indica) leaf
powder supplementation on growth in broilers, and found that all the treatment
groups recorded significantly higher means for live body weight than that of
control group. All the treatment groups showed non- significant increase in
weekly gain in weight, feed consumption and feed efficiency as compared to that

of the control group.




Materials and Methods




3. MATERIALS AND METHODS

3.1 EXPERIMENTAL ANIMALS

The study was conducted in 40 adult male Wistar rats weighing 150-200 g
procured from Small Animal Breeding Station, College of Veterinary and Animal
Sciences, Mannuthy. The animals were housed in appropriate cages in a well
ventilated room with a 12-hour light: 12-hour dark cycle. All the animals received
standard diet and water ad libitum. They were maintained under identical feeding
and management practices in the laboratory. An acclimatization period of seven
days was allowed before the commencement of the experiment. The experiment

was conducted for a period of 10 days.
3.2 PLANT MATERIALS

The leaves of the plants Azadirachta indica (Fig.1) and Tridax procumbens
(Fig.2) were collected from the campus of College of Veterinary and Animal
Sciences, Mannuthy, Thrissur district, Kerala.

3.2.1 Preparation of alcoholic extract of Azadirachta indica and Tridax

procumbens

The leaves of Azadirachta indica and Tridax procumbens were air-dried under
shade and coarsely powdered using an electrical pulverizer. The powder obtained
was extracted using a Soxhlet apparatus with 95 per cent of ethanol. The ethanolic
extracts were then concentrated in a rotary vacuum evaporator under reduced
pressure and temperature (55°C) and kept under refrigeration for the complete

evaporation of the solvent.
3.3 PHYTOCHEMICAL SCREENING

The ethanolic extract of leaves of Azadirachta indica and Tridax procumbens
was tested for the presence of various active chemical constituents namely
steroids, alkaloids, phenolic compounds, flavonoids, glycosides, diterpenes,

triterpenes and saponins as per the procedure described by Harborne (1991).
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Fig. 1. Azadirachta indica leaves
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Fig. 2. Tridax procumbens leaves
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3.3.1 Tests for Detection of Steroids
3.3.1.1 Salkowski test

About 5 mg of the extract was mixed with 3 ml of chloroform and then shaken
with 3 ml concentrated sulphuric acid. Development of red color indicates the

presence of steroids.
3.3.1.2 Lieberman Burchardt test

About 5 mg of the extract was mixed with 3 ml of chloroform in a test tube.
Then five drops of acetic anhydride and 1 ml of concentrated sulphuric acid were
added to it through the sides of the test tube. Development of a reddish ring at the

junction of two layers indicates the presence of steroids.
3.3.2 Tests for Detection of Alkaloids

About 0.5 g of the extract was mixed with 5 ml of ammonia and then extracted
with equal volume of chloroform. To this, 5 ml dilute hydrochloric acid was
added. The acid layer obtained was used for the following chemical tests for

alkaloids.
3.3.2.1 Mayer’s test (Potassium mercuric iodide)

To 1 ml of acid layer, a few drops of Mayer’s reagent (1.358 g of mercuric
chloride dissolved in 60 ml of water and poured into a solution of 5 g of
potassium iodide in 10 ml of water and then made up the volume to 100 ml with
distilled water) were added. Development of a creamy white precipitate indicates

the presence of alkaloids.
3.3.2.2 Wagner’s test

A few drops of Wagner’s reagent (2 g of iodine and 6 g of potassium iodide
dissolved in 100 ml of water) were added to 1 ml of the acid extract.

Development of reddish brown precipitate indicates the presence of alkaloids.
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3.3.2.3 Hager’s test (saturated solution of picric acid)

To 1 ml of the acid extract, a few drops of Hager’s reagent (1 g of picric acid
dissolved in 100 ml of water) were mixed. Development of yellow precipitate

indicates the presence of alkaloids.
3.3.2.4 Dragendroff’s test

A few drops of Dragendroff’s reagent Stock solution (1) 0.6 grams of bismuth
sub nitrate was dissolved in 2 ml of concentrated hydrochlorié acid and 8 ml of
water was added. Stock Solution (2) six grams of potassium iodide was dissolved
in 10 ml of water. Then both the stock solutions (1) and (2) were mixed together
and then it was mixed with 7 ml of concentrated hydrochloric acid and 15 ml of
water. Sufficient amount of distilled water was added to the mixture to make up
the volume to 400 ml) and were mixed with 1 ml of acid extract. Development of

a reddish brown precipitate indicates the presence of alkaloids.
3.3.3 Test for Detection of Phenolic compounds

About 5 mg of the extract was mixed with 1 ml of water and five drops of ten
per cent ferric chloride. Development of dark blue color indicates the presence of

phenolic compounds.
3.3.4 Tests for Detection of Tannins
3.3.4.1 Ferric chloride test

Two milligram of the extract was mixed with 3 ml of one per cent ferric
chloride solution. Development of a blue, green or brownish color indicates the

presence of tannins.
3.3.4.2 Gelatin test

About 0.5 g of the extract was mixed with a few drops of one per cent solution
of gelatin containing ten per cent sodium chloride. Development of a white

precipitate indicates the presence of tannins.
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3.3.5 Tests for Detection of Flavonoids

3.3.5.1 Ferric chloride test

To 2 ml of alcoholic solution of the extract (0.5 g extract in 10 ml methanol), a
few drops of neutral ferric chloride solution was mixed. Development of green

color indicates the presence of flavonoids.
3.3.5.2 Lead acetate test

To 2 ml of alcoholic solution of the extract (0.5 g extract in 10 ml methanol), a
few drops of neutral ten per cent lead acetate was mixed. Development of a

yellow precipitate indicates the presence of flavonoids.
3.3.6 Tests for Detection of Glycosides
3.3.6.1 Sodium hydroxide test

A small amount of the extract (about 5 mg) was mixed with 1 ml water and 5-6
drops of sodium hydroxide solution (10 per cent). Development of a yellow

colour indicates the presence of glycosides.
3.3.6.2 Benedict’s test

To about 1 ml of the extract (0.5 g extract in 1 ml of water), 5 ml of Benedict’s
reagent was added. The mixture was boiled for two minutes and cooled.

Development of brown to red colour indicates the presence of glycosides.
3.3.7 Test for Detection of Diterpenes

About 5 mg of the extract was mixed with 3 ml of copper acetate solution (5

per cent), Development of green colour indicates the presence of diterpenes.
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3.3.8 Tests for Detection of Triterpenes
3.3.8.1 Salkowski test

About 3 mg of the extract was mixed with 3 ml of chloroform and then it was
shaken with 3 ml of concentrated sulphuric acid. Development of yellow colour

in lower layer on standing indicates the presence of triterpenes.
3.3.8.2 Lieberman Burchardt test

A few drops of acetic acid and 1 ml concentrated sulphuric acid were added to
3 ml of chloroform solution of the extract (about 3 mg extract in 3 ml
chloroform). Development of deep red ring at the junction of two layers indicates

the presence of triterpenes.
3.3.9 Test for the detection of Saponins
Foam test

A small amount of the extract (about 5 mg) was shaken with 3 ml of water.
Development of the foam that persists for ten minutes indicates the presence of

saponins.
3.4 EXPERIMENTAL DESIGN

Forty adult male rats were randomly divided into 5 groups comprising eight

animals each. The experiment was conducted for a period of 10 days.

Group I — Healthy control was administered with vehicle (3 per cent gum acacia

in distilled water at the rate of 5 ml/kg/day) orally for 10 days:

Group II — Rats were administered with 3 per cent gum acacia for 10 days and on

8" day paracetamol 2 g/kg was given orally in distilled water.
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Group III — Ethanolic extract of leaves of Azadirachta indica was administered at
a dose rate of 300 mg/kg orally in 3 per cent gum acacia at the rate of 5 ml’kg/day

for 10 days and paracetamol 2 g/kg was given on 8" day in distilled water.

Group IV — Ethanolic extract of leaves of Tridax procumbens was administered at
a dose rate of 300 mg/kg orally in 3 per cent gum acacia at the rate of 5 ml/kg/day

for 10 days and paracetamol 2 g/kg was given on 8" day in distilled water.

Group V — Rats were administered with silymarin 100 mg/kg/day in gum acacia
for 10 days orally and on day 8, 2 g/kg paracetamol was administered orally in

distilled water.

Blood was collected from all the animals on the day of sacrifice. The serum
was separated and used for the estimation of biochemical parameters such as
serum alanine amino transferase, aspartate amino transferase, albumin, total
protein and bilirubin. Disodium salt of ethylene diamine tetra acetic acid (EDTA
Sodium) was added at the rate of 1 mg/ml of blood for studying the
hematological parameters like total leukocyte count (TLC), differential leukocyte
count (DLC) and hemoglobin. On day 10%, all the rats were sacrificed and liver

was collected for conducting histopathological studies.
3.5 COLLECTION OF BIOLOGICAL SAMPLES
3.5.1 Collection of blood and separation of serum

Blood was collected from the retro orbital plexus under mild ether anaesthesia,
with heparinized capillary tubes, into sterile centrifuge tubes without adding any
anticoagulant. It was kept at refrigeration temperature for half an hour, taken out
and kept at room temperature for another half an hour. It was then centrifuged at

3200 rpm for 10 minutes and the clear serum obtained was pipetted out.
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3.5.2 Liver

The animals were euthanized and dissected upon and the liver was collected
and washed in running tap water to remove the blood clots. The liver was

preserved in 10 per cent formalin for conducting histopathological studies.
3.6 ESTIMATION OF SERUM PARAMETERS

The serum parameters were estimated colorimetrically in semiautomatic blood
analyzer (Mircolab 200, MERCK) by using the analytical kits supplied by
Agappe Diagnostics Pvt. Ltd., Ernakulam, Kerala, India.

3.6.1 Alanine amino transferase (ALT)
UV Kinetic test (Reitman and Frankel, 1957)
Principle

Serum ALT catalyses the transfer of amino group from IL-alanine to L-
oxoglutarate with formation of pyruvate and L-glutamate. The pyruvate so
formed is allowed to react with NADH to produce L-lactate. The rate of this
reaction is monitored by an indicator reaction coupled with LDH in the presence
of NADH. The oxidation of NADH is measured as the decrease in the absorbance
of NADH at 340 nm, which is proportional to ALT activity.

Procedure

Pipetted out 100 ul of sample into 1000 pl working reagent, mixed well and

measured the absorbance at 340 nm in an auto analyzer.
3.6.2 Aspartate amino transferase (AST)
UV Kinetic test (Reitman and Frankel, 1957)

Aspartate amino transferase catalyses transfer of amino group from L-aspartate

to 2-oxoglutarate forming oxaloacetate and L-glutamate. The rate of this reaction
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is monitored by an indicator reaction coupled with malate dehydrogenase in the
presence of NADH. The oxidation of NADH at 340 nm is proportional to AST

activity.
Procedure

Mixed well 100 pl of sample and 1000 pl of working reagent and measured

the absorbance at 340 nm in an auto analyzer.
3.6.3 Estimation of serum total protein
Biuret method (Gornall ef al., 1949)
Principle

Protein in plasma or serum sample forms a blue coloured complex when
treated with cupric ions in alkaline solution. The intensity of the blue colour is

proportional to the protein concentration and is measured at 540 nm.
Procedure

Sample, standard and blank were prepared as follows

Sample Standard Blank
Serum 20 ul
Standard 20 ul
Reagent 1000 pl 1000 pl 1000 pl

Mixed the solutions and incubated for ten minutes at 37°C. Read the

absorbance of standard and sample against blank at 546 nm

Absorbance of sample
Serum total protein (g/d I) = X6
Absorbance of standard
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3.6.4 Estimation of serum albumin (Bromocresol Green Dye Method, Doumas,
1971)

Principle

The reaction between albumin from serum or plasma and the dye bromocresol-
green forms a blue green complex at slightly acidic pH that is proportional to the

albumin concentration. This is measured photometrically.

Sample, standard and blank were prepared as follows

Blank Standard Sample
Reagent 1000 pl 1000 pl 1000 pl
Standard -- 100 ul -
Sample - -- 10 pl

Mixed the solutions and incubated for one minute at 37°C. Read the

absorbance of standard and sample against blank at 630 nm.

Absorbance of sample
Serum albumin (g/d 1) = x3
Absorbance of standard

3.6.5 Estimation of bilirubin (Modified DMSO method)

Principle

Sulfanilic acid reacts with sodium nitrite in the presence of diazotized
sulfanilic acid to form azobilirubin. In the absence of dimethyl sulfoxide, only the

direct bilirubin reacts to give azobilirubin.
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Procedure

Sample, blank and test were prepared as follows

Total bilirubin Sample blank Test 1000
reagent 1000 pl
Activator - 20 pl
Serum 50 ul 50 pl

Mixed well and incubated for exactly 5 minutes. Measured the absorbance of

the sample against respective sample blank at 546 nm.

Total bilirubin concentration in mg/dl = OD of sample — OD of sample blank x
20.5 (multiplication factor)

3.7 HAEMATOLOGICAL PARAMETERS
3.7.1 Haemoglobin concentration

Haemoglobin was estimated by acid Haematin method (Benjamin, 1985).
3.7.2 Total lenkocyte count

Leukocytes were counted by standard dilution technique using Thomas fluid.
Counting of leukocytes was done in the zone for leukocytes in the

haemocytometer placed under low power of microscope (Benjamin, 1985).
3.7.3 Differential leukocyte count

Blood smears were prepared from freshly drawn blood without anticoagulant
by using slide technique. After staining with Wrights stain counting was done

under oil immersion (Benjamin, 1985).

3.8 GROSS AND HISTOPATHOLOGICAL EXAMINATION OF LIVER
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The gross and histopathological lesions in liver were studied by collecting
representative samples of liver obtained from the dissected animals on the 10®

day.
3.8.1 Gross lesions

The gross lesions in liver of treated groups were compared with control

groups.
3.8.2 Histopathological examination

The animals were sacrificed on the 10% day, and liver was taken for
histopathological examination for assessing the hepatotoxicity. Three mm thick,
pieces of liver were selected randomly from both control and experimental groups
of rats and were fixed in 10 per cent formalin. They were then processed and
paraffin embedded as described by Sheehan and Hrapchak (1980). The sections
were stained with haematoxylin and eosin as per the technique followed by
Bancroft and Cook (1984). The sections were ‘examined in detail under light

microscope.
3.9 STATISTICAL ANALYSIS OF DATA

Results are analyzed by using analysis of variance (ANOVA) technique for
comparison between groups and paired t test (Snedecor and Cochran, 1985).

Results are expressed as mean + standard error.




Results




4, RESULTS

4.1 PHYTOCHEMICAL SCREENING

4.1.1 Steroids

In the Salkowski test red color was obtained and Lieberman Burchadt’s test
gave a reddish ring at the junction for Tridax procumbens extract and not for
Azadirachta indica extract. Thus it could be concluded that steroids were present
in the ethanolic extract of Tridax procumbens and no detectable level of steroids

could be obtained in Azadirachta indica extract.
4.1.2 Alkaloids

A creamy white precipitate in Mayer’s test and a yellow colored precipitate in
Hager’s test were obtained for Azadirachta indica and Tridax procumbens
extracts. Dragendroff’s test yielded a reddish brown precipitate for both extracts.
With Wagner’s reagent a reddish brown precipitate was obtained. Thus the test
revealed detectable levels of alkaloids in the extracts of A.indica and

T.procumbens.
4.1.3 Tannins

Brownish green color was obtained in ferric chloride test for A.indica and
T.procumbens and white precipitate in gelatin test. It revealed the presence of

tannins in the ethanolic extract of A.indica and T procumbens.
4.1.4 Flavonoids

A green colour in the ferric chloride test and a yellow precipitate in the lead
acetate test indicated the presence of flavonoids in A.indica and T. procumbens

extracts.
4.1.5 Glycosides

A red colour obtained in the Benedict’s test indicated the presence of

glycosides in the extracts. A yellow color was obtained by mixing the extracts
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with sodium hydroxide reagent, which also indicated the presence of glycosides

in both extracts.
4.1.6 Phenolic compounds

The extracts mixed with 10 per cent ferric chloride produced dark blue color,
for A.indica extract and not for 7. procumbens extract. Thus it could be concluded
that phenolic compounds were present in the ethanolic extract of A.indica and no

detectable level of phenolic compounds were present in the T.procumbens extract.
4.1.7 Diterpenes

Diterpenes were detected in A.indica extract as indicated by the green color
when mixed with copper acetate solution and no such green color was obtained in

the T.procumbens extract which indicated the absence of diterpenes.
4.1.8 Triterpenes

For A.indica extract lower layer turned to yellow on standing as per Salkowski
test, and with Liebermann Burchadt’s test, a deep red ring appeared at the
junction of the two layers which indicated the presence of triterpenes. But no such

changes were seen in T.procumbens extract.
4.1.9 Saponins

In the foam test, foam persisted for 10 minutes in the case of 4.indica and T.

procumbens extracts, which indicated the presence of saponins in the samples.
The results obtained are summarized in the Table 1.

4.2 PHYSIOLOGICAL PARAMETERS

4.2.1. Body weight

The individual and mean body weights of rats (group I, group II, group III,
group IV and group V) were recorded on the days 0 and 10 of the experiment and
are presented in the Table 2. The body weights recorded on the day 0 of groups I
to V were 174.3843.59, 180+4.63, 182.50+3.13, 183.13+5.08 and 177.50+4.23 g
respectively. After treatment on the 10" day, the mean body weights recorded
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were 180.50+3.68, 175+5.43, 186.25+3.24, 182,88+5.04 and 181.88+4.11 g
respectively. A reduction in body weight was shown by group II animals and not
much change was shown by group IV animals. A gradual increase in weight was

noticed in the groups I, IIT and V.
4.3 SERUM PARAMETERS
4.3.1 Alanine amino transferase (ALT)

The results obtained are presented in the Tables 3, 4 and Figure 3. The serum
ALT levels before treatment were 54.25+2.63, 56+3.70, 55.38+2.49, 54.88+£3.07
and 57+2.93 U/L, respectively in groups I to V. The highest level of ALT was
noticed in the paracetamol treated group, where the value increased from
56.00+3.70 to 138.75+6.62 U/L. After ten days of experiment, the level of ALT
was 54.38+2.62 in normal animals and in the extract treated animals the values
became 93.13+4.12 and 101.50+5.00 U/L at 300 mg/kg for Azadirachta indica
and Tridax procumbens respectively. In the silymarin treated group the value was
near to those of normal animals (62.75+2.72 U/L). Group I and V and group III
and IV animals did not differ significantly (p<0.05).

4.3.2 Aspartate amino transferase (AST)

The results obtained are presented in the Tables 5, 6 and Figure 4. The AST
levels before treatment were 151.50+7.32, 139.75+7.41, 133.63+6.18,
145.38+5.49 and 150.13+5.23 U/L respectively in groups I, II, III, IV and V
animals. After treatment, the value was highest in the paracetamol treated
animals. Here the value increased from 139.75+7.41 to 275+5.82 U/L. After
treatment the values were ]50.75£7.02, 191.38+5.35, 192.13+3.86, and
161.13+£4.63 U/L respectively in groups 1, III, IV and V animals. Group I and V
and Group III and IV animals did not differ significantly (p<0.05).

4.3.3 Serum total protein

The values of serum total protein obtained before and after treatment are
presented in tables 7 and 8 and Figure 5. The means on the day 0 were 6.73+0.14,
6.66+0.13, 6.56+0.14, 6.34+0.15, 6.31+0.13 g/d] respectively, for groups 1 to V.
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After treatment with ethanolic extract of Azadirachta indica and Tridax
procumbens at the dose of 300 mg/kg, the level changed to 6.60+0.11 and
6.49+0.20 g/dl respectively. The value of group I animals was almost same before
and after the treatment. The total protein level of Group II animals decreased
from 6.66+0.13 to 6.41+0.14 g/dl. The values of groups I and V were 6.75+0.16
and 6.50+0.16 g/dl respectively.

4.3.4 Serum albumin

The data obtained before and after the treatment are shown in tables 9, 10 and
Figure 6. On the day 0, the mean serum albumin levels of Groups I to V were
2.38+0.09, 2.41+0.10, 2.69+0.09, 2.39+0.10 and 2.51+0.05 g/dl respectively.
After treatment with Azadirachta indica and Tridax procumbens extracts at 300
mg/kg doses, the values changed to 2.79+0.05 and 2.56+0.07 g/dl respectively in
Groups III and IV animals. The mean serum albumin levels of Groups I and V
were 2.36+£0.09 and 2.53+0.06 g/dl respectively. A reduction in value was noticed
in the paracetamol treated group. Here the value was reduced to 2.08+0.5 g/dl.

There was no significant difference between the groups IV and V.
4.3.5 Serum total bilirubin

The results obtained before and after the treatment are shown in tables 11, 12
and Figure 7. The serum total bilirubin values before the treatment were
0.33£0.01, 0.30+0.01, 0.33+0.01, 0.36+0.03 and 0.33£0.02 mg/dl respectively for
the groups I to V. A high level of bilirubin 1.01+0.06 mg/dl was noticed in the
group II animals. The level of total bilirubin in the other groups were 0.31+0.01,
0.40+0.02, 0.41£0.04 and 0.35+0.02 mg/d]l for the groups I, III, IV and V
respectively. Groups I, ITI, IV and V did not differ significantly (P<0.05).

4.4 HAEMATOLOGICAL PARAMETERS
4.4.1 Haemoglobin concentration

The mean values are presented in the Tables 13 and 14. The haemoglobin
concentration of groups I, I, III, IV and group V animals before treatment were
10.26+0.15, 10.19£0.10, 10.03+£0.15, and 9.97+0.14 and 10.09+0.13 g/dl. After
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treatment the concentrations were 10.36+0.15, 10.18+0.10, 10.04+0.15,
10.04+0.17 and 10.08+0.18 g/dl respectively for the groups I to V. The values

were in normal range on both the occasions in all the groups.
4.4.2 Total Leukocyte count (TLC)

The values before and after the treatment are presented in Tables 13 and 14.
All the values were in normal range before and after the treatment. On the day @
of the experiment the values were 11.48+0.29, 11.51+0.32, 11.47+0.30,
11.92+0.28 and 11.59+ 0.28 x 10°/ul respectively for the groups I to V. After the
treatment the values were 11.54+ 0.22, 11.49+ 0.38, 11.57+0.23, 11.46+0.39 and
11.8520.35 x10°/ul respectively for the groups I to V.

4.4.3 Differential leukocyte count (DLC)
4.4.3.1 Lymphocytes

The results obtained are presented in the tables 13 and 14. Before the treatment
the values were 79.38+0.25, 79.02+0.28, 78.86+0.21, 79.03+0.20 and 78.61+0.16
per cent respectively for the groups | to V. After the treatment with the plant
extracts the values were 78.55+0.14 and 78.57+0.13 per cent respectively for
groups III and IV. In the group II animals the mean value was 78.41+0.13 per
cent. For the groups 1 and V the mean values noticed were 78.62+0.20 and
78.66+0.10 per cent.

4.4.3.2 Neutrophils

The data is presented in the tables 13 and 14. On the day 0 of the experiment
the values were 18.42+0.13, 18.45+0.13, 18.57+0.15, 18.44+0.13 and 18.57+0.17
per cent respectively for the groups I to V. After the experiment on the 10" day
the values obtained were 18.32+0.12, 18.71+0.13, 18.68+0.14, 18.44+0.12 and
18.59+0.11 per cent respectively for the groups Ito V.

4.4.3.3 Eosinophils

The results obtained are presented in the tables 13 and 14. Before the treatment
the values were 0.61+0.06, 0.60+0.06, 0.61+0.05, 0.60+0.03 and 0.60+0.03 per
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cent respectively for the groups I to V. After treatment with the plant extracts the
values were recorded as 0.61+0.05 and 0.61+0.05 per cent respectively for groups
III and IV. In the group II animals the mean value was 0.61+0.08 per cent. For
group I and V animals the values noticed were 0.60+0.05 and 0.61+0.05 per cent.

No significiant change was noticed in values before and after the treatment.
4.4.3.4 Monocytes

The data is presented in the tables 13 and 14. Before treatment the values were
0.14£0.05, 0.13+0.05, 0.14+0.05, 0.13+£0.06 and 0.14+0.06 and after the
treatment the values were 0.14:+0.08, 0.14+0.04, 0.14+0.05, 0.14+£0.06 and
0.14+0.04 per cent respectively for the groups I to V. No significiant change was

noticed in values before and after the treatment.

4.4.3.5 Basophils

Basophils were not observed before and after the treatment.

4.5 GROSS AND HISTOPATHOLOGICAL EXAMINATION OF LIVER

With the exception of the paracetamol treated group, the liver from all groups
were normal in terms of appearance and color. (Fig 8) reveals the appearance of
normal liver. Paracetamol treated group showed marked greyish white areas of

necrosis and multiple petechiae (Fig 9).

‘Histopathological examination of the liver from the normal control group
revealed normal hepatic architecture (Fig 10). In the paracetamol treated group
there were extensive areas of centrilobular coagulation necrosis. The hepatocytes
showed deeply eosinophilic cytoplasm with pyknotic nuclei and infiltration of
massive number of inflammatory cells (Fig 11). In the 300 mg/kg Azadirachta
indica extract treated animals, liver showed abundance of binucleate hepatocytes
indicating areas of regeneration (Fig 12). In the 300 mg/kg Tridax procumbens
extract treated group the binucleate cells were scanty and vacuolation of
cytoplasm was noticed. All the blood vessels were congested (Fig 13). Silymarin

treated group showed apparently normal hepatic architecture (Fig 14).
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Tablel. Results of Phytochemical screening of ethanolic extract of
Azadirachta indica and Tridax procumbens

SL.No Active principle Azadirachta indica | Tridax procumbens
1 Steroids Absent Present
2 Alkaloids Present Present
3 Tannins Present Present
4 Flavonoids Present Present
5 Glycosides Present Present
6 Phenolic compounds Present Absent
7 Diterpenes Present Absent
8 Triterpenes Present Absent
9 Saponins Present Present




48

Table 2, Effect of treatment on body weights (g) of rats (n=8)

Animal Group ] Group Il Group III Group IV Group V
No ™Dayo [ i0%"day | Day0 | 10°day | DayO | 10%day | DayO | 10°day | Day0 | 10"day
1 160 166 180 160 190 190 170 170 175 185
2 180 188 160 155 180 190 175 175 170 170
3 165 170 200 200 '170 170 160 160 200 200
4 175 180 170 170 180 190 180 180 165 165
5 185 180 190 180 200 200 190 190 180 190
6 190 200 190 190 180 180 200 200 170 175
7 170 180 170 180 180 180 200 200 150 - 190
8 170 180 180 165 180 190 190 188 170 180
Mean 17438 180.50 180 175 182.50 186.25 183.13 182.88 177.50 181.88
+SE +3.59 +3.68 1+4.63 +5.43 +3.13 +3.24 +5.08 +5.04 +4.23 +4.11
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" Table 3. Serum ALT level (U/L) before treatment in rats (n=8) on day 0

Anl\lrr:al Group I | Group II | Group IIl | Group IV | Group V
1 54 48 60 55 55
2 58 65 45 62 54
3 54 56 62 55 45
4 48 54 54 64 48
5 64 35 60 50 70
6 48 65 55 65 58
7 64 65 45 48 62
8 44 60 62 40 64
Mean+ | 54.25+ | 56.00+ | 55.38+ 54.88+ | 57.00%
SE 2.63 3.70 249 3.07 2.93

Table 4. Effect of Azadirachta indica and Tridax procumbens on ALT (U/L) in
paracetamol induced hepatotoxicity in rats (n=8) on day 10

Para + Para + . .
Animal Normal | Paracetamol Aindica | Tprocumbens Silymarin
Control treated treated
No (Group I) (Group II) extract extract (Group V)
(Group I11I) (Group IV)
1 55 130 100 110 62
2 60 114 88 106 60
3 52 175 90 98 48
4 46 150 92 108 60
5 62 145 94 96 74
6 50 126 95 92 62
7 45 128 100 100 63
8 65 142 86 102 68
Mean 54.38* 138.75¢ 93.13° 101.50° 62.75°
+SE +2.62 +6.62 +4.12 +5.00 +2.72

Means bearing the same superscripts do not differ significantly at P<0.05
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Table.5 Serum AST level (U/L) before treatment in rats (n=8) on day 0

Alll\llr:al Group I | Group II | Group IIl | Group IV | Group V
1 124 105 106 161 175
2 140 124 145 162 155
3 186 135 123 154 160
4 134 161 124 125 154
5 152 138 136 128 130
6 156 165 165 135 153
7 175 160 130 138 134
8 145 130 140 160 140
Mean | 151.50 | 139.75 133.63 145.38 150.13
+SE *£7.32 | +7.41 +6.18 £5.49 +5.23

Table.6 Effect of Azadirachita indica and Tridax procumbens on AST (U/L) in
paracetamol induced hepatotoxicity in rats (n=8) on day 10

Anima I(;Iormal Paracetamol AI.);:;i:a Tp:;irj;b ens Silymarin
ontrol treated extract extract treated
No (Group I) (Group II) (Group I11) (Group TV) (Group V)
1 122 276 185 198 182
2 150 284 218 204 165
3 180 270 170 185 162
4 130 296 208 210 140
5 158 242 182 180 148
6 148 270 186 192 172
7 174 290 192 182 162
8 144 272 190 186 158
Mean 150.75° 275.00° 191.38° 192.13% 161.13%
£SE +7.02 +5.82 £5.35 +3.86 +4.63 .

Means bearing the same superscripts do not differ significantly at P<0.05
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Table 7. Serum total Protein level (g/dl) before treatment in rats (n=8) on day 0

Animal No | Group I | Group II { Group IIT | Group IV | Group V

1 6.2 6.3 6.2 7.0 6.5
2 7.0 6.4 6.5 6.9 6.9
3 6.7 6.2 7.0 6.4 6.5
4 6.3 7.2 6.7 6.1 5.9
5 7.2 7.0 6.5 6.2 6.3
6 7.1 6.7 7.2 5.9 6.2
7 6.4 7.0 6.1 5.8 5.8
8 6.9 6.5 6.3 6.4 6.4

Mean 6.73 6.66 6.56 6.34 6.31

+SE +0.14 | +0.13 +0.14 0.15 +0.13

Table 8. Effect of Azadirachta indica and Tridax procumbens on total protein
level in paracetamol induced hepatotoxicity in rats (n=8) on day 10

Para + Para + . )
Animal Normal | Paracetamol Aindica | T.procumbens Silymarin
Control treated treated
No (Group I (Group II) cxtract extract (Group V)
(Group III) (Group IV)
1 6.2 6.2 6.7 7.1 7.0
2 6.8 6.3 5.9 7.3 7.1
3 7.1 7.0 6.5 6.6 6.0
4 6.5 6.1 6.9 6.9 6.6
5 7.4 6.2 6.7 5.9 6.5
6 6.1 6.3 6.5 6.0 6.8
7 6.8 6.1 6.8 6.1 6.0
8 7.1 7.1 6.8 6.0 6.0
Mean 6.75 6.41 6.60 649 6.50
+SE +0.16 £0.14 £0.11 £0.20 £0.16
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Table 9. Serum albumin level (g/dl) before treatment in rats (n=8) on day (

Group I | Group I | Group II | Group III | Group IV | Group V

1 2.7 2.8 2.8 2.8 2.5
2 2.2 2.4 2.3 2.5 2.8
3 2.2 2.2 2.8 2.2 2.5
4 2.3 2.4 2.5 2.2 2.3
5 2.5 2.2 2.8 2.2 2.2
6 2.4 2.7 2.9 2.2 2.5
7 2.6 2.4 2.6 2.7 2.4
8 2.1 2.2 2.8 2.3 2.9

Mean 2.38 2.41 2.69 2.39 2.51

+SE %0.09 £0.10 £0.09 +0.10 £0.05

Table 10. Effect of Azadirachta indica and Tridax procumbens on serum albumin
(g/d]) in paracetamol induced hepatotoxicity in rats (n=8) on day 10

Para + Para + ) .
Animal Normal | Paracetamol Aindica | Tprocumbens Silymarin
Control treated treated
No (Group 1) (Group 11) extract extract (Group V)
(Group III) (Group 1V)
1 2.6 2.4 2.8 2.9 3.0
2 2.2 2.0 3.0 2.9 2.5
3 2.3 1.8 3.1 3.2 2.6
4 2.1 1.9 3.0 2.9 2.3
5 2.6 2.1 2.8 2.4 2.2
6 2.4 2.2 2.7 2.2 2.4
7 2.5 2.0 2.9 2.0 2.6
8- 2.2 2.2 2.0 2.0 2.6
Mean 2.36% 2.08° 2.79° 2.56™ 2.53%
+SE +0.09 £0.5 +0.05 +0.07 +0.06

Means bearing the same superscripts do not differ significantly at P<0.05
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Table 11.Serum total bilirubin (mg/dl) before treatment in rats (n=8) on day 0

Animal No | GroupI | Group II | Group III | Group IV | Group V

1 0.3 0.3 0.3 0.4 0.2
2 0.4 0.3 0.3 0.4 0.3
3 0.4 0.2 0.4 0.3 0.4
4 0.3 0.3 0.3 0.4 0.3
5 0.3 0.4 0.3 0.5 0.3
6 0.3 0.3 0.4 0.2 0.3
7 0.3 0.3 0.3 0.3 0.4
8 0.3 0.3 0.3 0.4 0.4

Mean 0.33 0.30 0.33 0.36 0.33

+SE £0.01 | +0.01 +0.01 £0.03 +0.02

Table 12. Effect of Azadirachta indica and Tridax procumbens on serum total
bilirubin (mg/dl) in paracetamol induced hepatotoxicity in rats (n=8) on day 10

_ N 1 Ip tamol Para + Para + Sil .
Animal orma aracetamo A.indica | Tprocumbens | S1ymarin
Control treated treated
No (Group ) (Group II) extract extract Group V)
(Group III) (Group IV)
i 0.3 1.2 0.4 0.4 0.3
2 0.3 1.1 0.4 0.5 0.2
3 0.4 0.8 0.5 0.4 0.4
4 0.3 1.0 0.3 0.4 0.4
5 0.3 0.9 0.5 0.2 0.4
6 0.3 0.8 0.2 0.5 0.3
7 0.3 1.1 0.4 0.5 0.4
8 0.3 1.2 0.5 0.4 0.4
Mean 0.31° 1.01° 0.40° 0.41* 0.35°
£SE £0.01 £0.06 +0.02 +0.04 +0.02

Means bearing the same superscripts do not differ significantly at P<0.05
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Table 13. Haematological values before treatment in rats on day 0

’ | Leukocyte Differential leukocyte count (%)
aemoglobin Count
(g/d) (10%,]) Lymphocyte | Neutrophil | Eosinophil | Monocyte | Basophil
Group Mean 10.26 11.48 79.38 18.42 0.61 0.14 0.00
£SE +0.16 +0.29 +0.25 +0.13 +0.06 £0.05 £0.00
Group II Mean 10.19 11.51 79.02 18.45 0.60 0.13 0.00
+SE £0.10 +0.32 £0.28 +0.13 £0.06 +0.05 +0.00
Group III Mean 10.03 11.47 78.86 18.57 0.61 0.14 0.00
+=SE +0.15 £0.30 £0.21 £0.15 +0.05 +0.05 3+0.00
Group IV Mean 9.97 11.92 79.03 18.44 0.60 0.13 0.00
+SE +0.14 +0.28 £0.20 £0.13 +0.03 30.06 +0.00
Group V Mean 10.09 . 11.59 78.61 18.57 0.60 0.14 0.00
*SE +0.13 +0.28 +0.16 +0.17 +(.03 £(.06 +0.00
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Table 14. Effect of Azadirachta indica and Tridax procumbens on hematological parameters in
paracetamol induced hepatotoxicity in rats (n=8) on day 10

Haemoglobin Legl;&clifte Differential leukocyte count (%)
(g/d]) (10%/ul) Lymphocyte | Neutrophil | Eosinophil | Monocyte | Basophil

Group I Mean 10.36 11.54 78.62 18.32 0.60 0.14 0.00
+SE +0.15 £0.22 +0.20 +0.12 +0.05 +0.08 +0.00

Group II Mean 10.18 11.49 78.41 18.71 0.61 0.14 0.00
+SE £0.10 +0.38 £0.13 +0.13 +0.08 +0.04 +0.00

Group III Mean 10.04 11.57 78.55 18.68 0.61 0.14 0.00
+SE +0.15 +0.23 +0.14 +0.14 £0.05 £0.05 -20.00

Group IV Mean 10.04 11.46 78.57 18.44 0.61 0.14 ’ 0.00
*SE +0.17 +0.39 +0.13 +0.12 %0.05 +0.06 £0.00

Group V Mean 10.08 11.85 78.66 18.59 0.61 0.14 0.00
+SE +0.18 £0.35 £0.10 +0.11 %£0.05 £0.04 £0.00
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Fig.3. Effect of treatment on ALT level (U/L)
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Fig.4. Effect of treatment on AST level (U/L)
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Fig.5. Effect of treatment on total protein level (g/dl)
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Fig.6. Effect of treatment on albumin level (g/dl)

g/dl

Group 1 Group II Group 111 Group IV Growp V



58

Fig.7. Effect of treatment on total bilirubin level (mg/dl)
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Fig.8. Normal Liver
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Fig.10. Liver - healthy control
Normal arrangement of hepatocytes (H & E X 100)




Fig.12. Liver - Azadirachta indica 300 mg/kg
Abundance of binucleate cells indicating areas of
regeneration (H & E x 1000)
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Fig. 14. Liver - silymarin 100 mg/kg on day 10
Apparently normal hepatic architecture (H & E X 100)
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5. DISCUSSION

Nowadays only a few hepatoprotective drugs are available for the treatment of
liver disorders. There are herbal drugs like Phyllanthus niruri, which are used
traditionally for the treatment of jaundice. Studies have been conducted in various
herBaI plants to identify the phytoconstituents responsible for hepatoprotective
activity. The objectives of the present study are to evaluate the hepatoprotective
effect of ethanolic extract of Azadirachta indica and Tridax procumbens in

paracetamol induced hepatotoxicity in rats and to compare their efficacy.
5.1 PHYTOCHEMICAL SCREENING

In the present study phytochemical screening of ethanolic extract of
Azadirachta indica revealed the presence of alkaloids, tannins, flavonoids,
glycosides, phenolic compounds, diterpenes, triterpenes and saponins and that of
Tridax procumbens extract revealed the presence of alkaloids, steroids,

flavonoids, glycosides, saponins and tannins.

A similar study conducted by Bhanwra er al. (2000) revealed the presence of
flavonoids in neem leaf extract and these have got antioxidant property.
Flavonoids are hepatoprotective agents since they act as antioxidants, free radical
scavengers and antiperoxidants (Chakraborthy et al., 1989; Hewawasam ef al.,
2003). Vallachira (1998) reported that the dried bark and of Melia azadirachta
contained a bitter amorphous resin alkaloid margosine and margosic acid. The

present study also revealed the presence of alkaloids in ne leaves em leaf extract.

The anti-oxidant .activity of Tridax procumbens was studied in vitro through
2,2-diphenyl-picrylhydrazyl hydrate (DDPH) assays by Hemalatha (2008) in
which the presence of flavonoids and alkaloids was identified in the ethanolic
extract of 7. procumbens. These observations are in agreement with the present
study. In a similar study conducted by Jude ef al. (2009) revealed the presence of
alkaloids, carotenoids, flavonoids, saponins and tannins in the acid extract leaves

of T. procumbens.



64

alkaloids, carotenoids, flavonoids, saponins and tannins in the acid extract leaves

of T. procumbens.

The results of the present study are in agreement with that of the study
conducted by (Nwanjo ef al, 2008) in which they reported the presence of
alkaloids, steroids, flavonoids, saponins and tannins in the aqueous extract of

Tridax procumbens.
5.2. PHYSIOLOGICAL PARAMETERS
5.2.1 Body weight

In the present study, all the groups except the paracetamol treated group
showed a gradual increase in weight. The reduction in weight exhibited by the
paracetamol treated group may be due to reduced feed intake and the stress of the
hepatotoxic agent, In a similar study conducted by Mathew (2005) observed
weight loss in rats, which were treated with paracetamol at the dose of 3 g/kg

orally for three days.
5.3. SERUM PARAMETERS

The present study revealed the significance of liver specific serum markers
such as alanine amino transferase (ALT), aspartate amino transferase (AST),
bilirubin, albumin and total protein in assessing clinical and experimental liver
damage. Paracetamol induced hepatotoxicity caused a significant elevation in the
levels of serum markers like ALT, AST and bilirubin, while the levels of serum
albumin and total protein were reduced after its administration. These
observations are in agfeement with the results of the study conducted by Dash ef
al. (2007) in which there is a significant elevation of hepatospecific serum
markers like ALT, AST and bilirubin and a reduction in serum albumin and total

protein in paracetamol — treated group, in comparison with the normal control
group.
5.3.1 Alanine amino transferase (ALT)

An increased level of ALT was observed in the present study in the

paracetamol treated rats than the other groups, which indicates the ability of



65

paracetamol to induce hepatotoxicity. These results are in agreement with the
results of the study conducted by (Bose et al., 2007) which indicated that hepatic
damage releases the enzyme into circulation and ALT is more specific to the liver
and is a better parameter for detecting liver injury. A study conducted by (Dixon
et al., 1975) assessed the serum transaminase levels after paracetamol induced
hepatic necrosis in rats and reported that the serum enzyme levels give a
reliable indication of the severity of necrosis of liver. These observations are

in agreement with the present study.

The ethanolic extracts of both the plants reduced the elevated enzyme levels
and there was no significant difference in enzyme levels between the normal
animals and the silymarin treated animals. In a similar study conducted by
(Bhanwra et al., 2000) reported that the hepatic necrosis caused by paracetamol at
a dose rate of 2 g/kg Bwt elevated the level of serum alanine amino transferase
and administration of Azadirachta indica leaf extract at a dose rate of 500 mg/kg

caused a marked reduction in the level of ALT.
5.3.2 Aspartate amino transferase (AST) -

In the present study it was noticed that the elevated levels of AST caused by
paracetamol intoxication were significantly reduced by the administration of A.
indica and T, procumbens ethanolic extracts both at the doses 300 mg/kg Bwt.
There was no significant difference in enzyme levels between the normal animals
and the silymarin treated animals. An elevated level of SGOT is always noted
along with an increased level of SGPT (Sallie ef al., 1999). These observations

are in agreement with the present study.

In a similar study conducted by (Chattopadhyay et al., 1992) they indicated
that elevated serum levels of ALT and AST were much lowered in the group
receiving the 4. indica leaf extract than that of the paracetamol treated group. The
results of the present study are in agreement with the study conducted by (Kumar
et al, 2004) in which they reported that the structural integrity of the
hepatocellular membrane was preserved in a dose dependent manner by the

administration of the ethanolic extract of roots of Operculina turpethum in
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paracetamol induced hepatotoxicity as evident from the reduction in levels of

elevated serum enzymes ALT, AST and ALP.

5.3.3 Total protein

In the present study a reduction in the level of total protein was noticed in the
paracetamol treated group. These observations are in agreement with the results
of the study conducted by (Venukumar and Latha, 2001) in which they indicated
that hypoalbuminaemia is more frequent in advanced chronic liver disorders.
Hence decline in total protein content has been deemed as a useful index of the
severity of cellular dysfunction in liver disorders. Administration of the extracts
elevated the levels of total protein but not much significant effect was noticed. In
a study conducted by Mathew (2005) also noticed that paracetamol induced
hepatotoxicity caused a marked reduction in the level of total protein and
administration of 4. indica extract at a dose of 500 mg/kg elevated the level of

total protein.
5.3.4 Serum albumin

Results of the present study revealed that the paracetamol treated group
produced liver damage in rats as indicated by significant reduction of total protein
and albumin. Rats treated with the extracts have increased the levels of albumin
in serum when compared to that of paracetamol alone treated group, which
indicated its hepatoprotective activity. This observation can be compared with the
findings of Shenoy et al(2002) in which they reported that serum albumin is a
marker of synthetic function of the liver and is a valuable guide to assess the
severity of chronic disecase. Albumin was significantly decreased in the
paracetamol alone treated groups, while the decrease observed in the extract

treated groups was lesser than the former group.
5.3.5 Serum total bilirubin

The rise in the levels of serum bilirubin in the present study confirms the
hepatotoxicity induced by the paracetamol. These results are in agreement with

that of the study conducted by (Bose ef al, 2007) in which they reported that
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the bilirubin value to normal thus indicating their hepatoprotective effect. In a
similar study conducted by (Gupta and Misra, 2006) also revealed that the
elevated level of serum total bilirubin was brought back to normal by the

administration of Chamomile capitula ethanolic extract at a dose of 400 mg/kg.
5.4 HAEMATOLOGICAL PARAMETERS

Haematological parameters like haemoglobin concentration, total leucocyte
counts (TLC) and differential leucocyte count was studied before and after the
treatment. In the case of haemoglobin concentration, total leucocyte count and

differential leucocyte count, no change was noticed before and after the treatment.
5.5 GROSS AND HISTOPATHOLOGICAL EXAMINATION OF LIVER

After ten days of treatment all the animals were sacrificed and liver was
subjected to gross examination. Gross examination of the liver from all the groups
except the paracetamol treated group showed almost normal appearance and
color. Liver of paracetamol treated group showed greyish white areas of necrosis.
In a similar study conducted by Bhanwra et al. (2000) reported that liver of most
of the paracetamol treated rats were covered with white slough and multiple white

patches indicating necrosis.

On histopathological examination the control group showed portal triad, rows
of hepatocytes and normal arrangement of hepatocytes. The paracetamol treated
group showed areas of centrilobular coagulation necrosis. The hepatocytes
showed deeply eosinophilic cytoplasm with pyknotic nuclei and infiltration of
massive number of inflammatory cells. These observations are in agreement with
that of the study conducted by Hewawasam et al. (2003) in which the liver
showed confluent necrosis with vacuolation and ballooning degeneration in the
surviving hepatocytes after treatment with paracetamol. A similar study
conducted by Mathew (2005) reported that the paracetamol at the dose rate of 3 g/
kg for three days resulted in centrilobular coagulative necrosis of the liver, The
covalent binding of the oxidation products of the paracetamol to the sulphydryl

groups of the protein resulted in the cell damage and thereby necrosis of the liver.
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covalent binding of the oxidation products of the paracetamol to the sulphydryl

groups of the protein resulted in the cell damage and thereby necrosis of the liver.

In the 300 mg/kg Azadirachta indica extract treated animals, liver showed
abundance of binucleate hepatocytes indicating areas of regeneration. In the 300
mg/kg Tridax procumbens extract treated group the binucleate cells were scanty
and vacuolation of cytoplasm and fatty changes were noticed. All the blo_od
vessels were congested. The areas of regeneration noticed were lower in this
group compared to that of previous one. It was also noticed that the pre-treatment
with the extracts reduced the damage induced by paracetamol proving their
hepatoprotective action. It may be due to the presence of phenolic components,
flavonoids and tannins present in the leaf extracts. It was also evident from the
histopathological sections that, pre-treatment with A. indica caused better
hepatoprotective effect than that of 7. procumbens. In a similar study conducted
by Chattopadhyay (2003) revealed that A. indica leaf extract itself could act as
free radical scavenger intercepting those radicals involved in paracetamol
metabolism by microsomal enzymes and also reduced the elevated levels of
serum enzymes by its membrane stabilizing action. (Nwanjo et al., 2008) reported
that the antioxidant properties and free radical scavenging activity of T.
procumbens leaf extract protected the liver from damage associated with

chloroquine administration.

The results of the present study revealed that the ethanolic extracts of leaves of
Azadirachta indica and Tridax procumbens have hepatoprotective activity in
paracetamol induced hepatotoxicity in rats and treatment with 4. indica extract

proved better hepatoprotective action than that of T procumbens.
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6. SUMMARY

The present study was undertaken to assess the hepatoprotective activity of
ethanolic extract of Azadirachta indica and Tridax procumbens leaves in paracetamol

induced hepatotoxicity in rats and to compare their efficacy.

Forty adult male wistar rats weighing 150-200 g, divided into five groups
comprising eight animals in each group, were used for the study. Groups I and II
animals were administered with 3 per cent gum acacia suspension in distilled water at
the dose rate of 5 ml/kg/day for ten days. Groups IIl and IV animals received
ethanolic extract of Azadirachta indica and Tridax procumbens leaves at the dose
of 300 mg/kg and Group V animals feceived reference drug silymarin at the dose
of 100 mg/kg/day in 3 per cent gum acacia for ten days. All the groups except the
group I, received paracetamol orally on the eighth day at the dose rate of 2 g/kg in

distilled water.

Blood was collected from all the groups prior to the experiment and forty eight
hours after the paracetamol administration for hematological examination and serum
was separated for biochemical studies. All the animals were sacrificed on 10" day
and liver was taken for histopathological examination. Body weight was recorded on
day‘ 0 and 10" day. Serum was used for the estimation of ALT, AST, total protein,

albumin and bilirubin.

Phytochemical analysis of the Azadirachta indica (Neem) leaf extract
revealed the presence of alkaloids, tannins, flavonoids, glycosides, phenolic
compounds, diterpenes, triterperies and saponins and that of Tridax procumbens
(chiravanak) .showed the presence of alkaloids, steroids, glycosides, flavonoids,

saponins and tannins.
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Paracetamol administered group showed a decrease in body weight while all
others showed an increase in body weight except the 300 mg/kg Tridax

procumbens extract treated animals which did not show much difference.

Liver marker enzymes like ALT and AST levels were used for the assessment of
the intensity of hepatotoxicity. The levels of both these enzymes were highest in
paracetamiol treated groups. The elevated levels of these enzymes were decreased by

the herbal extracts thereby proving their hepatoprotective activity.

A reduction in the total protein was observed in the paracetamol treated
group. Both the herbal extracts elevated the total protein level to normal levels. The
decrease in the level observed in paracetamol treated group was associated with a
decrease in the number of hepatocytes thereby decreasing the hepatic capacity to
synthesize protein. Serum albumin level was also lowest in the paracetamol treated
group because of the decrease in the total protein level. Serum albumin level is a
marker of synthetic function of the liver and is a valuable guide to assess the severity
of chronic diseases. Both the extracts increased the serum albumin levels towards

normal values.

Serum bilirubin level was also highest in the paracetamol treated group
because of the liver damage caused by the paracetamol. Azadirachta indica and
Tridax procumbens leaf extract at the dose rate of 300 mg/kg significantly decreased

the elevated level of bilirubin.

From the biochemical studies, it was noted that the administration of
Azadirachta indica (Neem) leaf extract caused better reduction in serum parameters
like AST, ALT, serum albumin, total protein and serum bilirubin than that of Tridax

procumbens extract.

The study of hematological parameters like hemoglobin concentration, total
leukocyte count and differential leukocyte count revealed that all these parameters

were not much affected with the treatment of extract of both plants.
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Gross examination of the liver showed normal appearance in all the four groups
except the paracetamol treated group in which the liver showed areas of coagulative
necrosis and congestion. On histopathological examination the paracetamol treated
group showed extensive areas of centrilobular coagulation necrosis. The Azadirachta
indica treated animals showed diffuse necrotic areas and fatty changes in certain
lobules. The areas of regeneration with binucleate hepatocytes were abundant in this
group. The Tridax procumbens treated group showed hypertrophied hepatocytes with
vacuolation of cytoplasm and presence of fat droplets. The areas of regeneration with
binucleate hepatocytes were scanty in this group. Silymarin treated animals have

almost normal liver architecture like the control group.

From the present study it can be concluded that the ethanolic extracts of leaves of
A.indica and T procumbens have significant hepatoprotective activities in
paracetamol induced hepatotoxicity in rats and A.indica has a better hepatoprotective

action compared to T procumbens.



References




REFERENCES

Abrol, S., Trehan, A. and Katare, O.P. 2005. Comparative study of different
silymarin formulations- Formulation, characterization and in-vitro/in-vive evaluation.

Current drug delivery. 2: 45-51

Abudulai, M., Shepard, B.M. and Mitchell, P.L. 2004. Effects of Neem
(Azadirachta indica) on predators of Nezara viridula. J. Agric. Urban Entomol. 21:
9-13

Agrawal, S.S., Garg, A. and Agrawal, S. 1986. Screening of Phyllanthus niruri
Linn, and Ricinus communis Linn. on alcohol induced liver cell damage in non-
hepatectomized and partially hepatectomized rats. Indian J. Pharmacol. 14:
211-214

Agrawal, S.S., Talele, G.S. and Surana, S.J. 2009. Antioxidant activity of fractions
from Tridax procumbens. J. Pharm. Res. 2: 71-73

Akare, S.C,, Sahare, A.Y., Shende, M.A., Bondre, A.V. and Wanjari, A.D. 2009.
Hepatoprotective activity of Acacia ferruginea DC. leaves against carbon

tetrachloride induced liver damage in rats. Int. J. Pharm Tech Res. 1: 962-965

Al-Mustafa, Z.H., Al-Ali, AK., Qaw, F.S. and Cader, A.Z. 1997. Cimetidine
enhances the hepatoprotective action of N-acetylcysteine in mice treated with toxic

doses of paracetamol. Toxicology. 121: 223-228

Al-Sereiti, M.R., Abu-Amer, K.M. and Sen, P. 1999. Pharmacology of rosemary
(Rosemarinus officinalis Linn.) and its therapeutic potentials. Indian J. Exp. Biol. 37:
124-130

Ali, M.S. and Jahangir, M. 2002. A bis- bithiophene from Tridax procumbens L.
(Asteraceae). Nat Prod Lett. 16: 217-221



73

Antony, B., Kumari, G.S., Merina, B., Sheeba, V. and Mukkadan, J. 2006.
Hepatoprotective effect of Centella asiatica(L) in carbon tetrachloride induced

liver injury in rats. Indian J. Pharm. Sci. 68: 772-776

Asha, V.V. 2001. Preliminary studies on the hepatoprotective activity of
Marmodica subangulata and Naragamia alata. Indian J. Pharmacol. 33: 276-279

Atawodi, S.E. and Atawodi, J.C. 2009. Azadirachta indica (neem): a plant of
multiple biological and pharmacological activities. Phytochem Rev. 8: 601-620

Bai, X., Qui, A., Guan, J. and Shi, Z. 2007. Antioxidant and protective effect of
an oleanolic acid enriched extract of Aectinidias deliciosa root on carbon

tetrachloride induced rat liver injury. Asia. Pak Clin. Nutri. 16: 169-173

Bancroft, J.D. and Cook, H.C. 1984. Manual of Histological Techniques and their
Diagnostic Applications. Second edition. Churchill Livingstone, Edinburgh, p.457

Banerjee, A., Gupta, D.N. and De, B. 2005, In-vitro study of antioxidant activity
of Syzygium cumini fruit. Food Chem. 90: 727-733

Benjamin, M.M. 1985. Outline of veterinary clinical pathology. Third edition.
Kalyani publishers, New Delhi, p.310

Bhagwat, D.A., Suresh, G.K. and Rahul, S.A. 2008. Anti- diabetic activity of leaf
extract of Tridax procumbens. Intl. J. Green Pharm. 2: 126-128

Bhanwra, S., Singh, J. and Khosla, P. 2000. Effect of Azadirachta indica
(Neem) leaf aqueous extract on paracetamol - induced liver damage in rats.

Indian J. Physiol. Pharmacol. 44: 64-68

Bhawna, S. and Kumar, S.U. 2009. Hepatoprotective activity of some indigenous
plants. Intl J. Pharm Tech. Res. 1: 1330-1334

Biswas, K., Chattopadhyay, I, Banerjee, R.K. and Bandyopadhyay, U. 2002.
Biological activities and medicinal properties of neem (Azadirachta indica). Curr
Sci. 82: 1336-1345



74

Bose, P., Gupta, M., Mazumder, U.K., Kumar, R.S., Sivakumar, T. and Kumar,
R.S. 2007. Hepatoprotective and antioxidant effects of Eupatorium ayapana against
carbon tetrachloride induced hepatotoxicity in rats. Iranian J. Pharmacol. Therap. 6:

27-33

Chakraborthy, T., Uerotta, L. and Poddar, G. 1989. Evaluation of Azadirachta
indica leaf extract for hypoglycemic activity in rats. Phyfother. Res. 3: 30-32

Chattopadhyay, P., Agrawal, 8.S. and Garg, A.2006. Liver regenerative effect
of Phyllanthus amarus Linn, against alcohol induced liver cell injury in

partially hepatectomised albino rats. /ntl. J. Pharmacol. 2: 426-430

Chattopadhyay, R.R. 1999. Possible mechanism of antihyperglycemic effect of
Azadirachta indica leaf extract. J. Ethnopharmacol. 67: 373-376

Chattopadhayay, R.R. and Bandyopadhyay, M. 2005. Effect of Azadirachta
indica leaf extract on serum lipid profile changes in normal and streptozotocin

induced diabetic rats. African J. Biomed. Res. 8: 101-104

Chattopadhyay, R. and Bandyopadhyay, M. 2005. Possible mechanism of
hepatoprotective activity of Azadirachta indica leaf extract against paracetamol

induced hepatic damage in rats. Indian J. Pharmacol. 37: 184-185

Chattopadhyay, R.R., Sarkar, S.K., Ganguly, S., Banerjee, R.N., Basu, T.K. and
Mukherjee, A. 1992. Hepatoprotective activity of Azadirachta indica leaves on
paracetamol induced hepatic damage in rats. Indian J. Exp. Biol. 30: 738-740

Chattopadhyay, R.R., Sarkar, S.K., Ganguly, S., Medda, C. and Basu, T.K.
1992. Hepatoprotective activity of Ocimum sanctum leaf extract against

paracetamol induced hepatic damage in rats. Indian J. Pharmacol. 24: 163-165

Chattopadhyay, R.R. 2003. Possible mechanism of hepatoprotective activity of
Azadirachta indica leaf extract. J. Ethnopharmacol. 89: 217-219



75

Dahanukar, S.A., Kulkarni, R.A. and Rege, N.N. 2000. Pharmacology of
medicinal plants and natural products. Indian J. Pharmacol. 32: 81-118

Dash, D.K., Yeligar, V.C., Nayak, S.S., Ghosh, T., Rajalingam, D., Gupta, P.S.,
Maiti, T.K. 2007. Evaluation of hepatoprotective and antioxidant activity of
Ichnocarpus frutescens (Linn) on paracetamol- induced hepatotoxicity in rats. Trop.

J. Pharm. Res. 6: 755-765

Devi, C., Mohanty, J., Ahmed, Q. and Mohanty, M. 1994. Cardiovascular effects
of Tridax procumbens. A- preliminary study, (Abstract). In: Abstracts, 27" Annual
Conference of Indian Pharmacological Society. 21-24, December, 1994, Bombay.
Indian Pharmacological Society. S62. Abstract No.92

Dixit, N., Baboota, S., Kohli, K., Ahmad, S. and Ali, J. 2007. Silymarin: a
review of pharmacological aspects and bioavailability enhancement approaches.

Indian J. Pharmacol. 39: 172-179

Dixon, M.F., Fulker, M.J., Walker, B.E., Kelleher, J. and Losowsky, M.S. 1975.
Serum transaminase levels after experimental paracetamol induced hepatic necrosis.
Gut. 16: 800-807

Dixon, M.F., Nimmo, J. and Prescott, L.F. 2005, Experimental paracetamol
induced hepatic necrosis: A histopathological study. J. Pathol. 103: 225-229

Doumas, B.T., Watson, W.A. and Biggs, H. G. 1971, Albumin standards and
the measurement of serum albumin with bromocresol green. Clin. Chim. Acta.

31:87-88

Gomall, A.G., Bardawill, C.J. and David M.M. 1949. Determination of serum
protein by means of the biuret reagent. J Biol. Chem.77:751

Guirati, V., Patel, N., Rao, V.N., Nandakumar, K., Gouda, T.S., Shalam, M.
and Kumar, S.M.S. 2007. Hepatoprotective activity of alcoholic and aqueous



76

extracts of leaves of Tylophora indica (Linn) in rats. Indian J. Pharmacol. 39:

43-47

Gulati, R., Agrawal, S., Agrawal, S.S.1991. Hepatoprotective activity of
Boerhaavia diffusa Linn. against country made liquor induced hepatotoxicity in

albino rats fed on controlled calorie diet. Indian J. Pharmacol. 23: 264-267

Gupta, AK. and Misra, N. 2006. Hepatoprotective activity of aqueous
ethanolic extracts of Chamomile capitula in paracetamol intoxicated albino rats.

Am. J. Pharmacol. Toxicol. 1; 17-20

Gupta, M., Mazumdar, U.K., Kumar, T.S., Gomathi, P. and Kumar, R.S.
2004. Antioxidant and hepatoprotective effect of Bauhinia racemosa against
carbon tetrachloride induced liver damage in rats. Iranian J. Pharmacol. Therap.
3:12-20

Guzy, J., Chovanova, Z., Marekova, M., Chavkova, Z., Tomeckova, V.,

Mojzisova, G. and Kusnir, J. 2004. Effect of quercetin on paracetamol- induced rat
liver mitochondria dysfunction. Biologia. Bratislava. 59: 399-403

Harborne, J.B. 1991. Phytochemical methods- Guide to modern techniques of
plant analysis. Second edition, Chapman and Hall, India, p.653

He, H., He, JP., Sui, YJ, Zhou, S.Q. and Wang, J. 2008. The
hepatoprotective effects of Gangoderma  Iucidum peptides against carbon

tetrachloride induced liver injury in mice. J. Food Biochem. 32: 628-641

Hemalatha, R. 2008. Anti-hepatotoxic "and antioxidant defense potential of
Tridax procumbens. Intl. J. Green Pharm. 2: 164-169

Hewawasam, R.P., Jayatikala, K.A., Pathirana, P.W. and Mudduva, L.K.B.
2003. Protective effect of Asteracantha longifolia extract in mouse liver injury

induced by CCls and paracetamol. J. Pharm. Pharmacol. 55: 1413-1418



77

Hewawasam, R.P., Jayathilaka, K.A., Pathirana, P.W., Mudduwa, C. 2004.
Hepatoprotective effect of Epalfes divaricata extract on carbon tetrachloride

induced hepatotoxicity in mice. Indian J. Med. Res.120: 30-34

Iwalokun, B.A., Efedede, B.U., Sofunde, J.A.A., Oduala, T., Magbagbeola,
O.A. and Akinwande, A.I. 2006. Hepatoprotective and antioxidant activities of
Vernonia amygdalina on acetaminophen induced hepatic damage in mice. J

Med Food 9:524-530

Jafri, M.A., Subhani, M.J.,, Javed, K. and Singh, S. 1999. Hepatoprotective
activity of the leaves of Cassia occcidentalis against paracetamol and ethyl

alcohol intoxication in rats. J Ethnopharmacol. 66:355-361

Jain, A., Singai, A.K. and Dixit, V.K. 2006. A comparative study of ethanol
extract of leaves of Tephrosia purpurea pers and the flavonoids isolated for

hepatoprotective activity. Indian J. Pharm. Sci. 68: 740-743

Jalalpure, S.S., Patil, M.B., Prakash, N.S., Hemalatha, K. and Manvi, F.V.
2003. Hepatoprotective activity of the fruits of Piper longum Linn. Indian J.
Pharm. Sci. 65: 363-366

Jayasekhar, P., Mohanan, P.V. and Rathinam, K. 1997. Hepatoprotective
activity of ethyl acetate extract of Acacia catechu. Indian J. Pharmacol. 29:

426-428

Jude, C.I., Catherine, C.I. and Ngozi, M.I. 2009. Chemical profile of Tridax
procumbens Linn. Pak J. Clin. Nutri. 8: 548-550

Kalaivani, T., Meignanam, E., Premkumar, N,, Siva, R., Vijayakumar, V.,
Rajasekharan, C., Ramya, S. and Jayakumararaj, R. 2009. Studies on
hepatoprotective properties of leaf extracts of Azadirachta indica A. Juss.
Ethnobotanical leaflets. 13: 165-170



78

Kale, B.P., Kothekar, M.A., Tayade, H.P., Jaju, J.B. and Mateenuddin, M. 2003.
Effect of aqueous extract of Azadirachta indica leaves on hepatotoxicity induced by

antitubercular drugs in rats. ndian J. Pharmacol. 35: 177-180

Kang, K.S., Kim, LLD., Kwon, R.H., Lee, J.Y., Kang, ].S. and Ha, B.L
2008. The effects of fucocidan extracts on CCls — induced liver injury. Arch. Pharm.
Res. 31:622-627

Kanungo, S., Mohanty, S., Das, M., Patnaik, J. and Mohanty, M. 1994. A study
of the effects of Tridax procumbens Linn on normal and heparin induced
prolongation of clotting time in rabbits. (Abstract). In: Abstracts, 27" Annual
Conference of Indian Pharmacological Society. 21-24, December, 1994, Bombay.
Indian Pharmacological Society. S63. Abstract No.93

Kaushal, R., Dave, K.R. and Katyare, 8.S. 1999. Paracetamol hepatotoxicity

and microsomal function. Envior. Toxicol. 7: 67-74

Kaur, G., Meena, C., Veeranjaneyulu, A. and Agrawal, S.S. 2009. Evaluation
of hepatoprotective activity of Ocimum sanctum in HepG2 cell line. Arch. Pharm

Sci. Res. 1: 25-30

Koul, A., Bharrhan, S., Singh, B. and Rishi, P. 2009. Potential of Azadirachta
indica against Salmonella typhimurium — induced inflammation in BALB/C mice.

Inflammopharmacol. 17: 29-30

Kumar, G., Banu, G.S., Pappa, P.V., Sundararajan, M. and Pandian, M.R.
2004, Hepatoprotective activity of Trianthema portulacastrum L. against
paracetamol and thioacetamide intoxication in albino rats. J. Ethnopharmacol.

02:37-40

Kumar, S.V.S., Sujatha, C., Syamala, J.,, Nagasudha, B. and Mishra, S.H.
2006. Protective effect of root extract of Operculina turpethum linn, against

paracetamol induced hepatotoxicity in rats. Indian J. Pharm. Sci. 68: 32-35



79

Kurtovic, J. and Riordan, S.M. 2003. Paracetamo! induced hepatotoxicity at
recommended dosage. J. Int. Med. 253: 240-243

Maheswari, M.U. and Rao, P.G.M. 2005. Antihepatotoxic effect of grape seed
oil inrat. Indian J. Pharmacol. 37. 179-182

Makin, A and Williams, R. 1993. Paracetamol hepatotoxicity and alcohol
consumption in deliberate and accidental overdose. Q. J. Med. 93: 341-349

Mangathayaru, K., Grace, X.F., Bhavani, M., Meignanam, E., Karna, S.L.R.
and Kumar, D.P. 2005. Effect of Leucas aspera on hepatotoxicity in rats.
Indian J. Pharmacol. 37: 329-330

Mankani, K.L.., Krishna, V., Manjunatha, B.K,, Vidya, S.M., Singh, S.D.J.,
Manohara, Y.N., Raheman, A.U. and Avinash, K.R. 2005. Evaluation of
hepatoprotective activity of stem bark of Pterocarpus marsupium Roxb. Indian J.

Pharmacol. 37: 165-168

Manoharan, N., Sampathkumar, P., Dheeba, B., Sheikabdulla, $.,
Vinothprasanna, G., Vinothkannan, R., Kalavathy, S., Vijayanand, A. and
Shanmugasundaram, A. 2008. Potential hepatoprotective effect of aqueous extract
of Gracilaria corticata in AFB1 induced hepatotoxicity in Wistar rats. J. Biol Sci.
8:1352-1355

Maruthappan, V. and Shree, K.S. 2009. Hepatoprotective effect of
Azadirachta indica (Neem) leaves against alcohol induced liver damage in

albino rats. J Pharm. Res. 2: 655-659

Mathew, A. 2005. Hepatoprotective effect of Aegle marmelos (Indian Bael) and
Azadirachta indica (Neem) aqueous leaf extract on paracetamol induced toxicity

in rats. M.V.Sc thesis, Kerala Agricultural University, Mannuthy. P.76

Mec.Gregor, A.H., Moore, L.J., Simpson, K.J. and Harrison, D.J. 2003. Liver
death and degeneration in paracetamol toxicity. Hum. Exp. Toxicol. 22: 221-227



80

Mir, A.J.,, Kumar, B., Tasdug, S.A., Gupta,D.K., Bharadwaj, S. and Johri, R.K.
2007. Reversal of hepatotoxin-induced profibrogenic events by Embilica

officinalis- A histological study. Indian J. Exp. Biol. 45: 626-629

Mogre, K., Vora, K.K. and Sheth, U.K. 1980. Effect of Picrorhiza kurrca and
Eclipta alba on Na+K+ATPase in hepatic injury by hepatotoxic agents. Indian J.
Pharmacol. 13: 253-259

Mohamed, A.F., Hasan, A.G.A., Hamamy, M.l. and Sattar, E.A. 2003.
Antioxidant and hepatoprotective effects of Eucalyptus maculata. Med. Sci.
Monit.11: 426-431

Mohan, G.K., Pallavi, E.,, Ravikumar, B., Ramesh, M. and Venkatesh, 5.2007.
Hepatoprotective  activity of Ficus carica Linn, leaf extract against carbon

tetrachloride induced hepatotoxicity in rats. DARU.15:162-166

Mohideen, S., Ilavarasan, R., Sasikala, E. and Kumaran, R.T. 2003.
Hepatoprotective activity of Nigella sativa linn. Indian J. Pharm. Sci. 65: 550-551

Moore, P.K., Futter, L.E. and Al-Swayeh, O.A. 2001. A comparison of the
effect of nitroparacetamol and paracetamol on liver injury. British J. Pharmacol.
132: 10-12

Mossini, S.A.G. and Kemmelmeier, C. 2008. Inhibition of citrinin production in
Penicillium citrinum cultures by Neem (4zadirachta indica A. Juss). Intl J. Mol
Sci. 9: 1676-1684

Murthy, M.S.R. and Srinivasan, M. 1993. Hepatoprotective effect of Tephrosia

purpurea in experimental animals. Indian J Pharmacol. 25: 34-36

Murugesh, K.S.,  Yeligar, V.C,, Maity, B.C. and Maity, T.K. 2005.
Hepatoprotective and antioxidant role of Berberis tinctoria Lesch leaves on

paracetamol induced hepatic damage in rats. Iranian J. Pharmacol. Therap. 4.
64-69



81

Natu, M.V., Agarwal, S. and Agarwal, S.L. 1977. Protective effect of Ricinus

communis leaves in experimental liver injury. Indian J Pharmacol. 9: 265-268

Nwanjo, H.U. 2008.Aqueous extract of Tridax procumbens leaves: Effect on
lipid peroxidative stress and anti-oxidant status in chloroquine induced hepatotoxicity

in rats. J Herbs Spices Med Plants. 14: 154-165

Ojo, 0.0., Nadro, M.S. and Tella, 1.O. 2006. Protection of rats by extracts
of some common Nigerian trees against acetaminophen induced hepatotoxicity.

African J. Biotech. 5: 755-760

Olabinri, B.M., Adebirsi, J.A., Odesomi, O.F., Olabinri, P.F. and Adeleke, G.E.
2009. Experimental classification of the antioxidant capacity of the leaf, stem and
root barks of Magnifera indica and Azadirachta indica. African J. Biotech. 8:
2968-2972

QOlaleye, M.T., Adegboye, O.O. and Akindahunsi, A.A. 2006. Alchornea
cordifolia extract protects wistar albino rats against acetaminophen induced

liver damage. African J. Biotech. 5: 2439-2445

Oyejide, 0.0 and  Olushola, L. 2005. Hepatoprotective and antioxidant
properties of extract of Carmelia sinensis (black tea) in rats, African J. Biotech.
4:1432-1438

Ozbek, H., Bayram, I, Ugras, S. and Cengiz, N. 2006. Investigation of
hepatoprotective effect of Foeniculum vulgare fixed oil in rats. Res. J. Med. Sci.
1: 72-76

Pareek, H., Sharma, S., Khajja, B.S., Jain, K. and Jain, G.C. 2009. Evaluation of
hypoglycemic and anti hyperglycemic potential of Tridax procumbens (Linn). BMC
Complement Altern Med. 9: 48-55



82

Pimple, B.P., Kadam, P.V., Badgujar, N.S., Bafha, A.R. and Patil, M.J. 2007.
Protective effect of Tamarindus indica Linn. against paracetamol induced

hepatotoxicity in rats. IndianJ Pharm.Sci. 69: 827-831

Prescott, L.F. 1999. Paracetamol, alcohol and the liver. Br. J Clin
Pharmacol. 49:291-301

Ramsay, R.R., Rashed, M.S. and Nelson, S.D. 1989. In vitro effect of
acetaminophen metabolites and analogs on the respiration of mouse liver

mitochondria. Arch. Biochem. Biophys. 273: 449-457

Rao, K.S. and Mishra, S.H. 1997. Anti-inflammatory and hepatoprotective
activities of Sida rhombifolia Linn. Indian J. Pharmacol. 29: 110-116

Ravikumar, V., Shivashangari, K.S. and Devaki T. 2005. Hepatoprotective
activity of Tridax procumbens against D- galactosamine/ lipopolysaccharide

induced hepatitis in rats. J. Ethnopharmacol. 101: 55-60

Reitman, S. and Frankel, S.1957. A colorimetric method for the determination
of serum glutamic oxaloacetic and glutamic pyruic transaminases. Am. J. Clin.

Pathol. 28: 56-63

Roy, C.K., Kamath, J.V. and Asad, M. 2006. Hepatoprotective activity of
Psidium guajava Linn. leaf extract. Indian J. Exp. Biol. 44: 305-311

Sallie, R., Tredger, J.M. and William. 1999. Drugs and the liver. Biopharm. Drug.
Dispose. 12: 251-259

Saraswat, B., Visen, P.K.S., Dayal, R., Agarwal, D.P. and Patnaik, G.K.1996.
Protective action of ursolic acid against chemical induced hepatotoxicity in rats.

Indian J. Pharmacol. 28: 232239

Sengottuvelu, S., Duraisamy, R., Nandakumar, J. and Sivakumar, T. 2007.
Hepatoprotective activity of Cleome viscosa against carbon tetrachloride induced

hepatotoxicity inrats. Phog. Mag. 3:120-123



33

Sheehan, D.C. and Hrapchak, B.B. 1980. Theory and practice of
histotechnology. Second edition. Mosby Company Ltd, London, p.481

Shenoy, K.A., Somayagi, S.N. and Bairy, K.L.2001. Hepatoprotective effects
of Ginkgo biloba against carbon tetrachloride induced hepatic injury in rats.

Indian J. Pharmacol 33: 260-266

Shenoy, K.A., Somayagi, S.N. and Bairy, K.L. 2002. Evaluation of
hepatoprotective activity of Ginkgo biloba in rats. Indian J. Physiol. Pharmacol.
46: 167-174

Siddiqui, B.S., Afshan, F., Faizi, S., Naemm-Ul-Hassan, N.S. and Tariq, R.M.
2002. Two new triterpenoids from Azadirachta indica and their insecticidal activity.
J. Nat. Prod. 65: 1216-1218

Singh, B., Sharma, M.L., Gupta, D.K., Atal, CK. and Arya, R.K. 1984.
Protective effect of Tinospora cordifolia miers on carbon tetrachloride induced

hepatotoxicity. Indian J Pharmacol. 32: 139-142

Snedecor, G.W. and Cochran. W.G. 1985. Statistical Methods. Eighth edition.
Oxford and IBH Publishing Company, Calcutta,p.584

Sultana, S., Perwaiz, S., Igbal, M. and Athar, M.1995. Crude extracts of
hepatoprotective plants, Solanum nigrum and Cichorium intybus inhibit free
radical mediated DNA damage. J. Ethnopharmacol. 45: 189-192

Sundaram, R. and Mitra, S.K. 2007. Antioxidant activity of ethyl acetate

soluble fraction of Acacia arabica bark inrats. Indian J Pharmacol. 39: 33-38

Tabassum, N., Chattervedi, S., Aggrawal, S.S. and Ahmed, N. 2005.
Hepatoprotective studies on Phyllanthus niruri on paracetamol induced liver cell

damage in albino mice. JK-Practisioner.12: 211-212

Thakurta, P., Bhowmik, P., Mukherjee, S., Haira, T.K., Patra, A. and Bag, P.XK.
2007. Antibacterial, antisecretory and antihaemorrhagic activity of Azadirachta



34

indica used to treat cholera and diarrhea in India. J. Ethnopharmacol. 111:
607-612

Tiwari, U., Rastogi, B., Singh, P., Saraf, DK. and Vyas, S.P. 2004.
Immunomodulatory  effects of aqueous extract of  Tridax procumbens in

experimental animals. J. Ethnopharmacol. 92: 113-119

Tripathi, S.C., Garg, H.S. and Patnaik, G.K. 1994. Hepatoprotective activity of
Azadirachta indica. (Abstract). In: Abstracts, 27" Annual Conference of Indian
Pharmacological Society. 21-24, December, 1994, Bombay. Indian
Pharmacological Society. S60. Abstract No.77

Trivedi, N. and Rawal, UM. 2000. Hepatoprotective and toxicological
evaluation of Andrographis paniculata on severe liver damage. Indian J.

Pharmacol. 32: 288-293

Udupa, S.L., Udupa, A.L. and Kulkarni, D.R. 1991. Influence of Tridax
procumbens on lysyl oxidase activity and wound healing. Planta Med. 57: 325-327

Usha, K., Kasturi, G.M. and Hemalatha, P. 2007. Hepatoprotective effect of
Hygrophila spinosa and Cassia occidentalis on carbon tetrachloride induced liver

damage in experimental rats. Indian J. Clin. Biochem. 22: 132-135

Vallachira, A. 1998. Veterinary Materia Medica. Second edition. Jaypee
Brothers Medical Publishers, New Delhi, P.229

Venukumar, M.R. and Latha, M.S. 2002. Hepatoprotective effect of the
methanolic extract of Curculigo orchioides in carbon tetrachloride - treated male

rats. Indian J. Pharmacol 34; 269-275

Visen, P.K.S., Saraswat, B., Patnaik, G.K., Srimal, R.C., Tripathi, R.P. and
Bhakuni, D.S.1993. 3-cyano-4-methyl-S-vinyl pyridine: A potent  synthetic
hepatoprotective agent. Indian J. Pharmacol. 25:149-153



85

Wankar, A.K., Shirbhata, R.N., Bahiram, K.B., Dhenge, S.A. and Jasutkar,
R.A. 2009. Effect of Neem (Azadirachta indica) leaf powder supplementation on
growth in broilers. Veterinary World. 2: 396-397

Yadava, R.N. and Saurabh, K. 1998. A new flavone glycoside : 5,7,4°-
trihydroxy-6,3’-dimethoxy flavone 5-o-alpha-L- rhamnopyranoside from the leaves
of Tridax procumbens Linn. J Asian Nat Prod Res. 1:147-152

Yonamine, M., Aniya, Y., Yokumakura, T., Koyama, T., Nagamine, T. and
Nakanishi, H. 1996. Acetaminophen derived activation of liver microsomal

glutathione-S-transferase of rats. Jpn. J. Pharmacol. 72: 175-181



HEPATOPROTECTIVE EFFECT OF
Azadirachta indica (NEEM) AND Tridax
procumbens (CHIRAVANAK) IN RATS

RANJANA MOOKEN

Abstract of the thesis submitted in partial fulfilment of the

requirement for the degree of

Master of Veterinary Science

Faculty of Veterinary and Animal Sciences
Kerala Agricultural University, Thrissur

2010

Department of Veterinary Phavmacology and Toxicology
COLLEGE OF VETERINARY AND ANIMAL SCIENCES
MANNUTHY, THRISSUR -680651
KERALA, INDIA



ABSTRACT

The objectives of the present study were to evaluate the hepatoprotective
activity of ethanolic extract of Azadirachta indica and Tridax procumbens leaves

in paracetamol induced hepatic damage in rats and to compare their action.

Forty adult male wistar rats weighing 150-200 g, divided into five groups
comprising eight animals in each group, were used for the study. Groups I and II
animals were administered with 3 per cent gum acacia suspension in distilled
water at the dose rate of 5 ml/kg/day for ten days. Groups III and IV animals
received ethanolic extract of Azadirachta indica and Tridax procumbens leaves
at the dose of 300 mg/kg and Group V animals received reference drug
silymarin at the dose of 100 mg/kg/day in 3 per cent gum acacia for ten days.
All the groups except the group I, received paracetamol orally on the eighth day
at the dose rate of 2 g/kg in distilled water. Blood was collected from all the
groups before and after the experiment for various biochemical and
haematological parametefs. Body weight was recorded on day 0 and 10™ day. All
the animals were sacrificed on 10" day and liver was taken for histopathological

examination.

Phytochemical analysis of the Azadirachta indica (Neem) leaf extract
revealed the presence of alkaloids, tannins, flavonoids, glycosides, phenolic
compounds, diterpenes, triterpenes and saponins and that of Tridax
procumbens (chiravanak) showed the presence of alkaloids, steroids,

glycosides, flavonoids, saponins and tannins.

Paracetamol administered group showed a decrease in body weight. Liver
marker enzymes like ALT and AST were highest in paracetamol treated groups.
The elevated levels of these enzymes were decreased by the herbal extracts

thereby proving their hepatoprotective activity.

A reduction in the total protein was observed in the paracetamol treated
group. Both the herbal extracts elevated the total protein level to normal levels.

Serum albumin level was also lowest in the paracetamol treated group because of



the decrease in the total protein level. Both the extracts increased the serum

albumin levels towards normal values.

Serum bilirubin level was also highest in the paracetamol treated group
Azadirachta indica and Tridax procumbens leaf extract at the dose rate of 300
. mg/kg decreased the elevated level of bilirubin. The haematological parameters

showed not much significant change with the treatment.

From the biochemical studies it was noted that the administration of
Azadirachta indica (Neem) leaf extract caused better reduction in serum

parameters than that of Tridax procumbens extract,

Gross examination of the liver showed normal appearance in all the four
groups except the paracetamol treated group in which the liver showed areas of
coagulative necrosis and congestion. On histopathological examination the
paracetamol treated group showed extensive areas of centrilobular coagulative
necrosis. The Azadirachta indica treated animals showed diffuse necrotic arecas
and fatty changes in certain lobules. The areas of regeneration with binucleate
hepatocytes were abundant in this group. The Tridax procumbens treated group
showed hypertrophied hepatocytes with vacuolation of ¢ytoplasm and presence of
fat droplets. The areas of regeneration with binucleate hepatocytes were scanty in
this group. Silymarin treated animals have almost normal liver architecture like

the control group.

From the present study it can be concluded that the ethanolic extracts of
leaves of A.indica and T.procumbens have significant hepatoprotective activities
in paracetamol induced hepatotoxicity in rats and A.indica has a better

hepatoprotective action compared to 7.procumbens.
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