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1. INTRODUCTION

Liver is the major and largest visceral organ in the body. It plays an astonishing

array of vital functions in the maintenance and performance of the body and has a major

role in the metabolism of carbohydrate, protein and fat. Detoxification of potentially toxic

chemicals from both inside and outside the body including drugs, alcohol, toxins from

intestinal microbes, secretion of bile, production of clotting factors and plasma protein

synthesis are the main other important functions. It is roughly triangular in shape and lies
below the diaphragm in thoracic region of abdomen. The maintenance of a healthy liver
is vital to overall health and well being (Treadway, 1998).

Unfortunately the liver is often abused by environmental toxins, malnutrition,
alcohol and over-the-counter drug use, which can damage and weaken the liver and
eventually lead to hepatitis, cirrhosis and alcoholic liver diseases in human beings. The
liver can regenerate itself to some extend. The excessive use of certain drugs like carbon
tetra chloride (CCI4), paracetamol, heavy metals and antitubercular drugs like isomazid
and rifampicin can damage the liver. Some other hepatotoxins include mycotoxins like
aflatoxin B, and plants like lantana. Most of the hepatotoxic chemicals damage liver cells
mainly by lipid peroxidation and other oxidative damages in the liver.

WTien the liver cells are damaged the liver marker enzymes like serum alanine
amino .ransferase (ALT), aspartate amino transfers (AST), and alkaline phosphataae
(ALP) are released into the blood and elevated levels of these enzymes are noticed ,n
blood. Elevation of serum transaminase level has Invariably been used as an index of
liver damage in detecting hepatic necrosis In poisoning with paracetamol (Dixon, 1975).
Several biochemical parameters like ALT. AST. ALP and serum bilirubin are used to
assess the hepatic function.

Paracetamol (N-acetyl-p-amino phenol) also known as acetaminophen Is
considered to be a safe analgesic and antipyretic drug at therapeutic doses. The high
potency and lack of gastrointestinal side effects of this drug have led to the wide spread



use of paracetamol which is regarded as a safer alternative to other NSAIDs for mild to

moderate analgesia (Moore et al., 2001). Paracetamol when taken in overdoses results in

hepatotoxicity and nephrotoxicity in experimental animals (Kaushal et a/., 1999).

Paracetamol related liver damage occurring with in the recommended dosage is dose

dependent especially in case of severe malnutrition (Kurtovic and Riordan, 2003).

Under normal conditions, paracetamol is primarily metabolized in the liver by

glucuronidation and sulfation. A proportion of the drug is metabolized by several of the

cytochrome P 450 enzymes into a more reactive metabolite, N- acetyl-p- benzoquinone

imine (NAPQI) which is responsible for the hepatotoxicity. NAPQI is normally

detoxified by conjugation with glutathione (GSH) both enzymatically and non-

enzymatically to a water soluble harmless product, mercaptopuric acid. In overdose,

sulfation and glucuronidation become saturated and GSH is depleted by NAPQI (Makin

and Williams, 2000). Excess of NAPQI causes oxidative stress and binds covalently to

liver proteins and there by causes the liver damage.

The pharmaceutical imbalance between remedies that protect the liver through the

antioxidant properties and drugs that induce hepatotoxicity has prompted and accelerated

research on to plants used in folk medicine to treat liver diseases and boost liver

functions. Such plants include Azadirachta indica, Andrographis paniculata, Piper

longum, Fhyllathus niruri. Curcuma longa, Picrorrhiza kurroa, Camellia sinensis,
Silybum marianum and Glycerrhiza glabra (Iwalokun et al., 2006).

Liver diseases remain as one of the serious health problems. However we do not

have satisfactory liver protective drugs in allopathic medicinal practice for serious liver
disorders. Herbal drugs play a role in the management of various liver disorders, most of

which speed up the natural healing process of the liver and they play a key role in the
human and animal health. About 80% of the world population relies on the traditional
medicine which refers to a broad range of ancient, natural, health care practices including
folk/tribal practices as well as Ayurveda, Siddha, Amchi and Unani which were based on
plant materials. Numerous medicinal plants and their formulations were used for liver



disorders in ethno medical practice as well as traditional system of medicine. In India,

about 40 polyherbal commercial formulations reported to have hepatoprotective action

are being used,

A phytotherapeutic approach to modem dmg development can provide many

invaluable drugs from traditional medicinal plants. In recent years many researchers have

examined the effects of plants used traditionally by indigenous healers and herbalists to

support liver function and treat diseases of liver. Herbal drugs have gained importance in

recent years because of their efficacy and cost effectiveness. Herbal medicines derived

from plant extracts are being increasingly utilized to treat a wide variety of clinical

diseases, though relatively little knowledge about their mode of action is available (Gupta

et al, 2004). Conventional medicine now pursuing the use of natural products such as

herbs to provide the support that the liver needs on a daily basis (Treadway, 1998). In

spite of tremendous strides in modem medicine, there are hardly any drugs that stimulate

liver function, offer protection to the liver from damage or help regeneration of hepatic

cells. Scientific evaluation of medicinal plants is important in the discovery of novel

dmgs and also helps to asses toxicity risks associated with the use of either herbal

prq)arations or conventional dmgs of plant origin.

Today, as conventional medicine pemses a more integrated approach to managing

disease, natural products and selected herbs that influence liver function are being

revisited and evaluated for their overall health promoting effects. For developing

satisfactory herbal combinations to treat severe liver disorders, plants have to be

evaluated systematically for properties such as antiviral (hepatitis vims), antioxidant,

stimulation of liver regeneration and choleretic activity. Single plants may not have all

the desired activities. Even though herbal medicines are effective in the treatment of

various ailments very often; these dmgs are unscientifically exploited and or improperly

used. Therefore these plant dmgs deserve detailed studies in the light of modem science

(Subramoniam and Pushpangadan, 1999).



Eugenia jamholana Syn. Syzygium cumini belong to Family Myrtaceae,

commonly known as black berry, black plum (English), jamun or jambul (Hindi), naaval

(Tamil), njaval (Malayalam) or Java plum, is a medium to large sized evergreen, glabrous

tree with pale brown bark, slightly rough on old stems, which grows up to 30 m in

height. It is distributed throughout India, Sri Lanka, Malaya and Austrdia, Leaves are

opposite, simple, entire, elliptic-oblong, acute, smooth and shining. Several flavanoids,

ellagitannins and phenolic acids have been identified from the fruits, seeds and aerial

parts of Eugenia jambolana (Reynertson et al., 2008). Various medicinal properties of

Eugenia jambolana including its astringent, stomachic, diuretic and antidiabetic activities

have been described in traditional medicine. Seeds are astringent, diuretic and strong

antioxidants. Fruits and seeds are potent anti diabetic agents and can also be used to treat

pharyngitis, spleenopathy, and ringworm infestations. It has several other medicinal

properties in the folklore system of medicine. The bark of the plant is used as astringent,

sweet, refrigerant, carminative, diuretic, digestive, anthelmintic, febrifuge, stomachic and

antibacterial agent. Dried and powdered roots were used in diarrhoea and dysentery. The

leaves were antibacterial and used to strengthen the teeth and gums and to treat

constipation, bum woimds, vomiting, burning sensation in stomach and fever. Also it is

used for poulticing in skin complaints and to inhibit blood discharges in the faeces.

Phytochemical work on the leaf isolated the polyphenols including flavonoids, glycosides

and phenolic acids and these were foimd strong antioxidants and free radical scavengers

(Silva et al., 2006). Lot of studies were conducted on the antidiabetic activity of the fhiits

and seeds and not much studies on the hepatoprotective property of the leaves of the

plant.

The present study was therefore undertakeE| to evaluate the hepatoprotective effect

of Eugenia Jambolana leaves on paracetamol induced toxicity in rats. If found effective,

it can be recommended for the protection of liver in various diseases of liver in field

conditions.
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2. REVIEW OF LITERATURE

2.1 PARACETAMOL

Dixon et al. (1971) examined the changes in the liver of rats sacrificed at various

intervals after administration of large dose of paracetamol. It was foimd that the changes

in liver were marked congestion, dilatation of central veins, disruption of surrounding

sinusoids and fi"ank necrosis of hepatocytes. He also opined that the histopathological

changes of paracetamol over dosage were similar in man and rats.

Dixon et al. (1975) studied serum transaminase levels after experimental

paracetamol induced hepatic necrosis and found that the dose of 4g/Kg paracetamol can

produce hepatic necrosis and increase in alanine aminotransferase and aspartate
aminotransferase after 24 horns of administration and reported that the serum enzyme

levels gives a reliable indication of the severity of necrosis of liver.

Mogre et al (1980) stated that paracetamol at the dose rate of 500mg/Kg orally

twice a day for 7 days inhibited the sodium pump by interfering with sodimn dependent

phosphokinase in the reaction sequence of ATPase and there by caused liver injury.

Paracetamol at the dose rate of 2g/Kg orally produced reduction in bile flow, bile

salts, total oxygen consumption and altered the biochemical parameters. The toxic
metabolite of paracetamol (N- acetyl- p - benzoquinone imine -NAPQI) covalently boimd
to the receptor of hepatocyte membrane and disturbed the metabolic organizations there
by reduced the viability of hepatocytes (Visen etal, 1993).

Effect of acetaminophen on glutathione (GSH) S- transferase and related drug

metabolizing enzymes was studied in vivo by Yonamine et al. (1996). They reported that
acetaminophen caused oxidative stress and reduction in GSH content in liver
homogenates at 1 hour after administration of acetaminophen and reached its minimum
level at 3 hour.



Kaushal et a/. (1999) evaluated the effects of paracetamol induced hepatotoxicity

on microsomal functions and found that paracetamol at the dose of 650mg/ Kg

intraperitoneally produced 6 fold increase in AST and 8 fold increase in ALT. 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 not affected the lipid peroxidation significantly.

Prescott (1999) observed that the liver damage caused by paracetamol is through a

conversion by hepatic cytochrome P 450 enzymes to a toxic intermediate metabolite N-

acetyl- p- benzoquinone imine (NAPQI) 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 dose dependent increase

in ALT, 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 (2g/Kg) damaged liver mainly

by inducing lipid peroxidation directly or indirectly and also elevated the levels of Serum
glutamate pyruvate transaminase (SGPT) and serum glutamate oxaloacetate transaminase
(SCOT).

Paracetamol at the dose rate of 5 mmol/Kg intraperitoneally caused increase in

plasma ALT, AST and glutamate dehydrogenase activity, without affecting bilirubin or
creatinine concentration (Moore et al., 2001).

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



respiration of mitochondria and on the activity of ATPase and not showed any

significant effects on GPX and GR activity.

Kumar et al. (2004) stated that paracetamol at the dose rate of 3g/Kg orally

produced the increase in levels of SGOT, SGPT, ALP and bilirubin and a decrease in

total protein level.

Paracetamol at the dose rate of 3g/ Kg orally for three days produced elevation of

serum marker enzymes like ALP, AST, ALT and lipid peroxides and caused a decrease in

total protein and albumin. The hematological parameters 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 Ig/Kg caused

hepatotoxicity in 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% of initial concentration leads

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 200mg/ Kg orally produced the abnormal high

level 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 the 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 (300mg/Kg, intraperitoneally) for 7 days caused

significant increases in the levels of bilirubin, liver enzymes, thio barbituric acid reactive



substances (TEARS) and iron, while catalase activity and total protein levels were

reduced significantly (Iwalokun et al., 2006).

Studies conducted by Ojo et al, (2006) revealed that paracetamol at the dose rate

of 2g/Kg produced increase in serum levels of ALT, AST and ALP.

Studies conducted by Roy et al. (2006) revealed that paracetamol at the dose rate

of Ig/Kg in three divided doses produced marked increase in serum levels of ALT,AST,

ALP and bilirubin and it also produced severe congestion of blood vessels, mild

hydropic degeneration, pyknosis of nucleus and occasional necrosis in liver.

Dash et al. (2007) reported that paracetamol at the dose rate of 750mg/ 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

(TEARS) were considerably increased in rats. A decrease in the activities of glutathione,

SOD and catalase were also noted.

2.2 HEPATOPROTECTIVE AGENTS

2.2.1 Eugenia jambolana i Sy^gium cumini

Ethanolic extract of pulp of Eugenia jambolana at the dose rate of 100 and 200

mg/Kg orally for 10 days showed significant hepatoprotective activity in rats against

paracetamol hq)atotoxicity. It significantly decreased the elevated liver enzymes,
increased the total protein and the effects are less when compared with standard drug

silymarin (Gayatri and Das, 2006).

Hepatoprotective activity of Eugenia jambolana bark was reported by Sahu and

Das (2006) in carbon tetrachloride (CCI4) induced hepatotoxicity. They found that
alcoholic extract of bark of Eugenia jambolana at the dose rate of 100 mg/Kg for 7 days

offered significant protection to the liver by reducing the elevated serum enzymes levels.

Jasmine and Daisy (2007) studied the hypoglycemic and hepatoprotective activity

of methanolic extract of Eugenia jambolana in Streptozotocin (STZ) - induced diabetic



rats. They found that oral administration of Eugenia jambolana extract at the dose of

150mg/Kg for 60 days to STZ induced diabetic rats decreased the blood glucose

concentration and restored the normal functioning of liver. It also reduced the elevated

levels of serum ALP, SGPT and SGOT in diabetic rats.

According to Moresco et al. (2007) the aqueous extract of Syzygium cumini at the

dose rate of 0.9g/Kg orally for 7 days offered good protection against CCU induced

hepatotoxicity in rats. Single administration of 0.9g/Kg dose had no effect on toxicity. At

the same, dose for 7 days reduced the increased serum AST and ALT activity. The

scavenging of free radicals by the Syzygium cumini extract was responsible for the

protective effect and it contained the flavonoids such as quarcetin, kaempferol and
myricetin which inhibited the lipid peroxidation and there by offered the
hepatoprotection.

2.2.2 Silymarin

According to Tedesco et al. (2004) the treatment with silymarin phytosome

decreased the toxic severity of Aflatoxin Bi (AF Bi). It reduced the increased serum ALT

concentration in toxicity, retained the normal liver histology, feed intake and body weight

gain in broilers. It can be used in chicken to prevent the effect of AF Bi in contaminated
feed.

Abrol et al (2005) evaluated the different silymarin formulations both in vivo 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.

Silymarin offered good protection in various toxic models of experimental liver
diseases in laboratory animals and it acted by antioxidative, antilipid peroxidative,
amifibrotic, aritiinflammatory, membrane stabilizing, immunomodulatory and liver
regenerating mechanisms (Pradhan and Girish, 2006).
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Studies conducted by Dash et al. (2007) also revealed that silymarin is a

flavolignan having hepatoprotective property. It is a mixture of three structural

components silibinin, silydianine and silychristine. Silymarin is having hepatoprotective

effects in acute viral hepatitis and intoxication with paracetamol, carbon tetrachloride and

ethanol.

Silymarin, 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 (Dixit et
al, 2007).

2.2.3 Other agents/ drugs having hepatoprotective activity

Natu et a/.(1977) studied the effect of Ricinus communis leaves in experimental

liver injury caused by carbon tetra chloride and found that whole leaves of Ricinus
communis provided protection against liver necrosis as well as fatty changes induced by
CCI4, 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 there by offered protection against
the hepatotoxins.

Mogre et al (1980) studied the effects of Picorrhiza kurroa and Eclipta alba on
Na"^ K"^ ATPase in hepatic injury by various hepatotoxic agents like carbon tetra chloride,
paracetamol and aflatoxin. They reported that alcoholic extract of P.kurroa at the dose
rate of 20mg/Kg once daily for seven days reduced the liver GOT and SGPT in all the
three hepatic injuries and Na^ ̂  ATPase levels were restored to normal. E.alba at the
(jose rate of 50mg/Kg for seven days also reduced the liver GPT in all hepatic injuries.
But GOT content was reduced only in CCI4 and paracetamol hepatic injury. Na^ K"'
ATPase activity was raised in all the hepatic injury.
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Singh et al. (1984) reported that Tinospora cardifolia provided protection to liver

from the injurious effect of CCI4 by the action of stabilizing the liver cell membrane and

by protecting the enzyme related to rough endoplasmic reticulum. Administration of T.

cardifolia before CCI4 treatment significantly shortened the hexobarbitone and

pentobarbitone induced sleeping time in CCI4 treated rats.

Agrawal et a/.(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% alcoholic extract of roots and leaves of P.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 ICQ mg/lOOg body weight/day for 21 days 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 O.sanctum protected the rats

from the hepatotoxic action of paracetamol as evidenced by significant reduction in the

elevated serum levels. Histological studies also showed marked reduction in fatty

degeneration in animals received the extract.

According to Chattopadhyay et a/.(1992), water soluble portion of alcoholic

extract oi Azadirachta indica at the dose rate of Ig/Kg orally for seven days produced

marked decrease in levels of ALT, AST, ALP and acid phosphatase in paracetamol

induced hepatotoxicity. It also prevented the necrotic changes in the liver.

Murti and Srinivasan (1993) stated that Tephrosia purpurea at 500 mg/Kg dose

level offered Hepatoprotection in D- Galactosamine and CCI4 induced toxicity. It
decreased the serum marker enzymes like SGPT, SGOT and bilirubin in hepatotoxicity

induced by D- Galactosamine and CCI4.
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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 the bile. It also

normalized the serum marker enzymes in various toxic agents and thereby acting as

hepatoprotective (Visen etaL,l993).

Ursolic acid which is isolated from leaves of Eucalyptus tereticomis have

signiflcant hepatoprotective activity in thioacetamide, galactosamine and CCI4 induced

hepatotoxicity in rats (Saraswat et al., 1996). Pretreatment with ursolic acid increased the

viability of rat hepatocytes. It also showed anticholestatic acitivity in a dose dependent

manner.

N Acetyl Cysteine (NAC) at the dose rate of 400mg/Kg has hepatoprotective

property by its ability to enhance the glutathione synthesis there by providing more

substrate for the detoxification of the hepatotoxic metabolite of paracetamol (Al-Mustafa

etal., 1997).

Jayasekhar et al. (1997) stated that at the dose rate of 250mg/ Kg the ethyl acetate

extract of ̂cacza catechu offered significant hepatoprotection by lowering the increased

level of serum transaminase, serum ALP and serum bilu^bin in CCI4 treated rats.

Rao and Misra (1997) studied the effects of different parts of Sida rhombifolia on

chemical and drug induced hepatotoxins like paracetamol. Carbon tetra chloride,
rifampicin and on carrageenan induced paw edema in rats. It was foxmd that the
powdered roots, aerial parts and their aqueous extract showed significant
hepatoprotective activity and methanolic extract of aerial parts have significant edema
suppressant activity in rats.

Saraswathy et al (1998) evaluated the effect of Liv.lOO against the anti -

tubercular drugs (Isoniazid, rifampicin and pyrozinamide) induced hepatotoxicity in rats.
At the dose rate of 400mg/Kg, Liv.lOO offered sufficient hepatoprotection to rats.
Simultaneous administration of Liv.lOO showed near normal levels of marker enzymes,
and the levels of lipid peroxides, glutathione content on comparison with normal control.
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Ahmad et al. (1999) studied the hepatoprotective potential of Jigrine, which is a

polyherbal preparation containing 14 medicinal plants on thioacetamide induced

hepatotoxicity and reported that pretreatment 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 et al. (1999) reported that the lyophilized ethanol and aqueous extracts

of young sprouts of Rosemarinus ojficinalis (Rose Mary) have choleretic activity and

offered protection against CCI4 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 500mg/

Kg orally for 7 days provided sufficient hepatoprotection in paracetamol and ethyl
alcohol intoxication in rats (Jafri et at., 1999).

Trivedi and Rawal (2000) conducted hepatoprotective and toxicological

evaluation of Andrographis paniculata on severe liver damage caused by BHC (hexa-

chloro cyclohexane). They found that Androgf aphis paniculata at the dose of 12mg/Kg
provided protection by decreasing the elevated levels of ALP, AST, ALT and gamma
GPT and decreased the level of lipid peroxidase.

Udupa et al. (2000) evaluated the effect of HD-03, a polyherbal preparation
which consists of Phyllanthus niruri, Cichorium intybus, Emblica officinalis, Tephrosia
purpurea and Andrographis paniculata on paracetamol induced liver damage. They
reported that at the dose rate of 750mg/Kg for 28 days provided sufficient
hepatoprotection by reversal of Na"" ATPase, glycogen, glutathione levels and
restricted the liver damage by the paracetamol.

Asha (2001) studied the hepatoprotective activity of Marmodica subangulata and
found that administration of tender leaves at the dose rate of 50mg«g markedly
prevented paracetamol induced elevation of serum enzymes such as ALT, AST and ALP.
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Ginkgo biloba at the dose of 50mg/Kg intraperitoneally for 7 days decreased the

elevated levels of AST, ALT, ALP and increased the total protein and albumin levels in

treated ammals against CCI4 induced toxicity and reported that Ginkgo biloba protected

the liver from CCI4 induced liver damage(Shenoy et a/.,2001).

The hepatoprotective effects of curcuma longa rhizomes against paracetamol

toxicity were evaluated by Somchit et al. (2002). He reported that pretreatment of rats

with ethanolic extract of curcuma Iqnga at the dose of lOOmg/Kg prior to paracetamol

dosing statistically lowered the three serum marker enzymes like AST, ALT and ALP

and thereby have hepatoprotective effect.

Ethanolic and butanolic extract of fruits of Piper longum at the dose rate of

300mg/Kg orally for 4 days offered hepatoprotection in CCI4 induced hepatotoxicity by

decreasing the elevated SGPT and SGOT activity (Jalalpure et al, 2003)

According to the studies conducted by Gupta et 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 CCI4 toxicity by decreasing

the activity of serum marker enzymes like ALP, AST, ALT, and bilirubin and lipid

peroxidation. It significantly increased the levels of GSH, SOD, CAT and protein in a

dose dependent manner and it also has antioxidant effects on ferric chloride- ascorbate-

induced lipid peroxidation in rat liver homogenate.

Guzy et a/.(2004) reported that quarcetin (3, 3' 4' ,5, 7 Penta hydroxy flavone) is

the major bioflavonoid in tea, onion, and red wine and which offered a potential for
ameliorating the hepatotoxicity of paracetamol by its antioxidant effect and it prevented

the paracetamol induced decrease in oxygen consumption.

Hewawasam et a/.(2004) found that pre-treatment of Epaltes divaricata extract at

the dose rate of 0.9g/Kg orally for 7 days significantly reduced the elevated serum levels

of Alt, AST, ALP and significantly increased the liver reduced glutathione in CCI4

induced hepatotoxicity.
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Kumar et al. (2004) evaluated the effect of ethanolic extract of Trianthema

portulacastmm was studied against paracetamol induced hepatotoxicity in rats.
Treatment of rats with a dose rate of 200mg/Kg orally for 10 days significantly reduced

the increased levels of ALT, AST, ALP and bilirubin. It significantly increased the total

protein

Maheswari and Rao (2005) studied the effect of oral administration of grape seed

oil (GSO) against CCU induced hepatotoxicity in rats and found that oral admimstration
of GSO (3.7g/Kg) for seven days resulted in a significant reduction in serum AST, ALT,
ALP levels, liver MDA and hydroperoxidases. A significant improvement of glutathione,
SOD, catalase and total protein were also noted. The histological changes caused by CCU
are also brought back to normalcy in drug co- administered rats.

Mangathayaru et al. (2005) studied the effect of Leucas aspera on CCU induced
hepatotoxicity in rats and reported that the pretreatment with the dose of 200 and
400mg/Kg significantly reduced the elevated liver enzymes, there by showed
hepatoprotective action. They also stated that the flavanoids present in the plant as well
as its antioxidant property were responsible for the hepatoprotective action.

Mankani et al (2005) reported the hepatoprotective activity of ethanolic extract of
stem bark of Pterocarpus marsupium and they described that at the dose rate of 25mg/
Kg/day orally for 14 days, the toxic effect of CCU was controlled significantly as
evidenced by restoration of the levels of serum bUirubin, proteins and enzymes to the
normal level.

Mathew (2005) conducted studies on hepatoprotective effect otAegle marmelos
and Azadirachta indica aqneous leaf extract on paracetamol toxicity in rats and found
dmt Azadirachta indica at the dose of SOOmgKg oraUy for 12 days and Aegle marmelos
at the rate of lg«g orally for 12 days offered good protection by reducing the liver
serum marker enzymes.

The methanolic extract of the plant Berberis tinctoria at the doses of 150 and 300
mg/Kg produce significant hepatoprotective effect on paracetamol induced hepatic
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damage in rats by decreasing the activity of serum enzymes like ALT, ALP, AST,

bilirubin and lipid peroxidation. It significantly increased the levels of glutathione (GSH),

Catalase (CAT) and superoxide dismutase (SOD) in a dose dependent manner and these

were having good antioxidant property. These effects were comparable with the standard

hepatoprotective drug silymarin (Murugesh et al., 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 the dose rate of lOOmg/ Kg, it significantly lowered the serum and
tissue levels of Malondialdehyde as well as AST and ALT activities in a dose dependent
manner. The result also indicated that prolonged tea administration at the dose rate of
200mg/Kg body weight for 20 days significantly increased serum Vitamin C level and
the activity of catalase in the serum, liver and kidney.

Studies conducted by Tabassum et al. (2005) revealed that Phyllanthus niruri

extract at the dose rate of lOOmg/lOOg /day for five consecutive days offered sufficient
hepatoprotection in paracetamol induced hepatotoxicity in mice and it was assessed by
estimating the liver marker enzymes.

Antony et al (2006) studied the hepatoprotective effect of Centella asiatica
against CCU induced hepatotoxicity and they found that the alcohol extract of Centella
asiatica orally in two doses 20 and 40 mg/Kg/day significantly reduced the elevated
levels of ALT, AST and ALP in toxicity and the administration of extract effectively
inhibited the fatty changes in the liver. They also reported that the administration of
asiaticoside significantly increased the level of antioxidant enzymes like SOD. catalase
and glutathione peroxidase.

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 in blood
d r and liver Na"^ K"^ ATPase activity. Treatment with aqueous ethanolic extract of

T-reZZedaccd the enhanced level of serum ALT, AST, ALP and bilirubin. It acted
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as a free radical scavenger and increased the GSH in blood and by its antioxidant effect.

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. The edema suppressant activity of the drug was due to the inhibitory effects on

release of histamine like substances.

Iwalokun et a/.(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 pre administration

of V. amygdalina resulted in a dose dependent (50-100mg/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) ethanol extract of leaves of Tephrosia purpurea

and flavanoid isolated from leaf extract offered sufficient hepatoprotection in CCU

induced hepatotoxicity in rats at the dose rate of lOOmg/Kg/day for 4 days. It caused a

decrease in SCOT, SGPT, SALP and total bilirubin to normal level.

Kumar et 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 200mg/Kg has significant
hepatoprotective effect by lowering serum levels of SGOT, SGPT, ALP and total
bilirubin. It can prevent the paracetamol induced hepatic necrosis also.

Olaleye et al. (2006) discovered that an African plant Alchornea cordifolia have
significant protection against hepatotoxic, necrotic and peroxidative actions of
acetaminophen and it 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.

Ozbek et al. (2006) reported that the Foeniculum vulgare fixed oil (FFO) offered
sufficient hepatoprotection in CCU induced liver fibrosis in rats. The FFO at the dose rate
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of 0.2 mg/Kg three times a week for 7 days reduced the increased levels of ALT, AST,

ALP and bilirubin.

Psidium guajava leaf extract at the dose level of 500mg/ Kg orally significantly

reduced the elevated serum levels of AST, ALT, ALP and bilirubin. It prevented the

increase in liver weight in paracetamol toxicity. It gave protection against CCI4 and

thioacetamide induced hepatotoxicity. This plant also showed antibacterial,

antidiorrhoeal, 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 CCI4 induced liver injury in rat was

studied by Bai et al. (2007). They rqported that at 120mg/ Kg dose, ethanol water extract

of this plant showed high anti oxidant activity in vitro and hepatoprotective property in

vivo when analyzed by methods of Ferric thiocyanate and thiobarbituric acid. It reduced

the elevated serum marker enzymes and lipid peroxidation, GSH concentration were

increased.

Bose et al. (2007) evaluated the antioxidant and hepatoprotective effects of

Eupatorium ayapana in CCLj induced hepatotoxicity. It was reported that the methanol

extract of the plant at the dose rate of 200 and 300 mg/Kg produced significant

hqjatoprotective 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 dq)endent manner.

Chloroformic and methanolic extract of the plant Ichnocarpus frutescens at a dose

level of 250mg/ Kg and SOOmg/ 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 toxicity and these results were
comparable with standard hepatoprotective drug silymarin. These have potent anti
oxidant effects also (Dash et al., 2007).
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Gujrati et al. (lOQl) investigated the hepatoprotective activity of alcoholic and

aqueous extract of leaves of Tylophora indica against ethanol induced hepatotoxicity.

They found that pretreatment with alcoholic extract or aqueous extract significantly

prevented the physical, biochemical, histological and functional changes induced by

ethanol in liver at the dose level of 200 and 500 mg/Kg alcoholic extract and 125 and 300

mg/ Kg aqueous extract.

Kumar and Misra (2007) studied the hepatoprotective effect of acetone and

ethanolic sub fractions of the plant extract of Pergularia daemia at the dose of 100 and

150 mg/Kg orally and foimd that the extract was able to reduce all the elevated

biochemical parameters like SGPT, SGOT, and ALP. They also reported that the

flavanoids which were present in the extract was responsible for the hepatoprotective

effect.

Mir et al. (2007) reported that the alcoholic extract of Emblica qfficinalis at the

dose rate of lOOmg/Kg orally for 8 weeks reversed the CCI4, paracetamol and

thioacetamide induced abnormal histopathology on liver cells 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 CCI4. It was reported that

the extract at an oral dose of 500mg/ Kg exhibited a sigmficant 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
Tamanndus indica at the dose rate of 350mg/ Kg .It reduced the serum enzyme levels of

ALT, AST and ALP in paracetamol induced hepatotoxicity.

•  Sengottuvelu et al. (2007) conducted studies on hepatoprotective activity of
Cleome viscosa in CCI4 induced hepatotoxicity. They reported that aqueous seed extract
of Cleome viscosa at the dose rate of 200mg/Kg administered orally for 7 days , made
reduction in serum ALT, AST , ALP ,Gamma - Glutamyl transpeptidase and lipid
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peroxidase and increased the reduced giutathione(GSH) in the treated animals and

histologicai changes were also prevented by extract.

Sundaram and Mitra (2007) reported about the antioxidant activity of ethyl

acetate soluble fraction of Acacia arabica bark in rats and they reported that the

polyphenol rich active fractions of Acacia arabica is a potent free radical scavenger and

there by it showed hepatoprotective effect at the dose rate of 150 mg/Kg for 19 days in

carbon tetrachloride induced toxicity.

2.3 OTHER PHARMACOLOGICAL EFFECTS OF EUGENIA JAMBOLANA /

SYZYGIUM CUMIN!

According to Gupta and Sharma (1974) the Eugenia jambolana leaves contained

triterpenoids, n paraffins, aliphatic alcohols, sitosterol, butulinic acid, categolic acid and

sugars like glucose and fructose.

Bansal et al. (1981) observed that oral administration of seeds of Eugenia

jambolana in rats for 15 days caused a marked lowering of blood glucose levels (BGL)

accompanied with a significant increase in pancreatic cathepsin B activity and the effects

were compared to those of chlorpropamide when fed under same condition.

Rajasekharan et al. (1988) evaluated the antifertility activity of oleanolic acid

isolated from the flowers of Eugenia jambolana in male albino rats. It was reported that

the administration of the compound at the dose of 30 mg/Kg for 60 days decreased the

fertilizing capacity of animals without any significant changes in body weight or
reproductive organ weights and caused arrest of spermatogenesis.

The aqueous extract of Eugenia jambosa fruit pulp is highly acidic and is

responsible for the astringent action according to the studies conducted by Noomrio and
Dahot (1996). They evaluated the nutritive value of this fruit and found that it is rich in
minerals such as sodium, potassium and calcium. It also contained phosphorus, iron,

manganese, magnesium and many vitamins. A significant amount of soluble protein, total
sugar and reducing sugars were also present in the aqueous extract.
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Grover et al. (2000) studied the antihyperglycemic effect of Eugenia jambolana

in experimental diabetes and its effects on key metabolic enzymes involved in

carbohydrate metabolism. At the dose of 200mg/Kg/day of lyophilized powder restored

the alteration in hepatic and skeletal muscle glycogen content and hepatic glucokinase,

hexakinase, glucose -6- phosphate and phospho fructokinase levels in diabetic mice in

mild to moderate hyperglycemia. It has no effect on haematological parameters and their

mechanism of action was similar to sulfoiiylurea and biguamdes.

The subchronic oral administration of fresh Eugenia jambolana leaf decoction to

STZ -induced diabetic rats was not useful for the treatment of diabetes (Pq)ato et al.,

2001), There were no alterations in serum triglyceride levels or adipose tissue weight in
STZ - diabetic rats which indicated that the treatment didnot improve lipid metabolism.lt

has no protective effect on blood vessels and did not improve the protein metabolism in
diabetic rats.

Jagetia and Balinga (2002) reported about the effects of various concentrations of

leaf extract of Syzygium cumini in radiation induced DNA damage in the cultured human

peripheral blood lymphocytes. They stated that the leaf extract of Syzygium cumini, at the
dose rate of 25-100|j,g/ml protected the cells against the radiation induced DNA damage.

Muruganandan et al. (2002) evaluated the anti- inflammatory activity of Syzygium
cumini bark against inflammation induced by autacoids like histamine, serotonin,
bradykinin and Prostaglandin Ez and reported that it has inhibitory role on inflammatory
response to all, except the bradykinin.

Timbola et al. (2002) reported about a new flavonol myricetin from the leaves of
Eugenia jambolana and the leaves were contained triterpenoids, essential oils and
quarcetin.

Ethanolic extract of seeds of Eugenia jambolana exhibited significant
hypoglycemic effect in mild and severe diabetic rabbits after 15 days treatment at the
dose of 100 and 200 mg/Kg. The active hypoglycemic compound present in the ethanolic
extract of seeds did not require the presence of functioning P cells for the favorable action
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seen in type I and II diabetes. These caused reduction in glycosylated haemoglobin in

mild and severe diabetes in rabbits. Eugenia jambolana seeds also prevented the

complications of lipid profile seen in diabetes in which hyperglycemia and

hypercholesteremia co exists (Sharma et al, 2003)

Ravi et al. (2004) investigated the effect of Eugenia jambolana seed kernel on

antioxidant defense system of plasma and pancreas in STZ - induced diabetic rats. A

significant increase in the levels of plasma glucose, vitamin E, ceruloplasmin, lipid

peroxides was noted by them. A concomitant decrease in the levels of Vitamm C,

reduced glutathione which were observed in diabetic rats were reverted back to near

normal level after the treatment with seed kernel extract at the rate of lOOmg/ Kg/ day for

30 days. Presence of flavanoids was responsible for the protective antioxidant effect.

According to Banaijee et al. (2005) the antioxidant property of fiuit skin of

Eugenia jambolana was due to the presence of anthocyanins, antioxidant vitamins,

phenolics or tannins present in them and they can prevent the lipid peroxidation.

Indrayan et al. (2005) reported about the nutritive value and mineral contents of

the plant Eugenia jambolana and opined that it is rich in magnesium and iron, poor in

calcium and has moderate protein value. They also reported that the seeds were having

astringent, diuretic action and can stop vuinary discharges.

Streptozotocin (STZ) -induced diabetic rats when administered with 50mg/ day of
lyophilized Eugenia jambolana fruit pulp extract for 41 days showed no observable
difference in body weight, food or water intake, urine volume, glycaemia, urinary urea,
glucose, hepatic glycogen or serum levels of total cholesterol, HDL cholesterol or
triglycerides. No detectable changes were observed in masses of epidydymal or
retroperitoneal adipose tissue (Pqpato et al., 2005).

» Ravi et al. (2005) reported the antihyperlipidemic effect of Eugenia jambolana
seed kernel on STZ -induced diabetic rats. The effect of oral administration of ethanolic
extract of Eugenia jambolana seed kernel (lOOmg/ Kg body weight) was examined on
the levels of cholesterol, phospholipids, triglycerides and free fatty acids in the plasma.
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liver and kidney tissues of diabetic rats. The plasma lipoproteins (HDL, LDL, VLDL-

cholesterol) and fatty acid composition were altered in STZ diabetic rats and these levels

were reverted back to near normalcy by Eugenia jambolana extract. It has hypolipidemic

effect, which was due to the flavonoids, saponins, glycosides and triterpenoids in the

extract.

The antidiabetic effect of Eugenia jambolana seed powder was found good at

the dose rate of 500mg/ Kg for 15 days. It caused an increase mean body weight, reduced

the BGL and elevated the liver glycogen values (Sridhar et al., 2005).

Mallick et al. (2006) studied the antihyperglycemic and antihyperlipidemic effects

of separate and composite extract of seed of Eugenia jambolana and root of Musa
paradisiaca in STZ- induced diabetic male albino rats. They found that methanolic
extract of the plants in separate as well as in composite manner in diabetic rats resulted in

a significant remedial effect on blood glucose level (BGL) as well as in the quantity of

liver and skeletal muscle glycogen. The serum lipid profiles were also corrected

significantly in diabetic rats after the treatment. The composite extract is found more

effective than the separate extract according to them.

Effect of jaman finit {Eugenia jambolana) finit extract on serum lipid profile in

Type II diabetic individuals were studied by Safdar et al. (2006). Ninety ml of extract in
three divided doses produced a decrease in serum glucose, total cholesterol, LDL and the
HDL were not much affected.

Eugenia jambolana was reported useful as digestive astringent to the bowels,
anthelmintic, anti diabetic, antibacterial, analgesic, anti-inflammatory, antioxidant and
gastro protective (Sagrawat et a/.,2006).

In-vitro antiviral activity of Eugenia jambolana aqueous leaf extract on buffalo

pox virus was evaluated by Bhanuprakash et al. (2007) and reported that these were very
effective against buffalo pox virus. The leaves of Eugenia jambolana contained several
polyphenolic compounds and flavanoids which were responsible for these activities.



24

Brito et al. (2007) investigated the antiallergic properties of an aqueous leaf

extract of Syzygium cumini and found that oral administration of Syzygium cumini at the

dose of 25-lOOmg/Kg in Swiss mice inhibited the paw edema and prevented the mast cell

degranulation and consequent histamine release.

Chaturvedi et al. (2007) reported that ethanolic extract of Eugenia jambolana at

the dose rate of 200mg/Kg, when administered orally for 10 days in rats was found to

reduce the ulcer index in all gastric ulcer models. It tended to decrease acid pepsin

secretion, cell shedding enhanced mucin and mucosal glycoprotein and had no effect on

cell proliferation.

Jasmine and Daisy (2007) studied the hypoglycemic and hypolipidemic activity of

Eugenia jambolana in STZ- diabetic rats at the dose of 150mg/Kg/day for 60 days.
Serum glucose concentration, total cholesterol, LDL cholesterol, VLDL cholesterol and
triglycerides were decreased and at the same time serum insulin and HDL cholesterol

levels markedly increased.

Jasmine et al (2007) had done studies on in vitro efficacy of flavonoids from

Eugenia jambolana seeds against Extended Spectrum p Lactamase (ESpL) producing
multidrug resistant enteric bacteria. They found that most Extended Spectrum P
Lactamase positive strains were resistant to several antibiotics. However, these were
sensitive to this plant extract and the flavonoids present in them were responsible for the
antibacterial activity.

Acute toxicity studies of Syzygium cumini seed extract proved that up to
2000mg/Kg dose rate has no toxic effect on animals. The ethyl acetate and methanolic
extract of Syzygium cumini has CNS depressant activity in mice by potentiating the
concentration of GABA in brain due to the presence of saponins (Kumar et al, 2007).

' MTEC, a formulated herbal drug consists of Musa paradisiaca. Tamarindus
indica, Eugenia jambolana and Coccinia indica at the dose level of 60mg/day, two times
a day for 14 days offered protection of testicular dysfunctions in STZ- induced diabetic
rats. It gave a significant protection in fasting blood glucose level (BGL) and serum
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insulin levels along with correction of testicular dysfunctions like decreased sperm coxmt,

viability and motility and androgen synthesis. It has no general toxic effects on body
weight as well as on the SGPT and SGOT in the serum (Mallick et al, 2007).

The anti microbial activity of Syzygium cwnini leaves extract was evaluated by

Oliveira et al. (2007) and found that crude hydro alcoholic extract was active against

Candida, multi resistant strains of Pseudomonas aeruginosa, Klebsiella pneumoniae and

Staphylococcus aureus. The anti microbial activity was due to the presence of taimms and
other phenolic constituents and it was rich in ellagic acid polyphenol denvatives and
gallic acid.

Sultana et al. (2007) evaluated the antioxidant activity of phenolic components
present in the bark of Azadirachta indica, Eugenia jambolana. Terminalia arjuna and
Acacia nilotica and proved that Eugenia jambolana has the maximum antioxidant
activity out of four of these plants.

Chemical nature of anthocyanins present in the berries of Syzygium cumini was

reported by Veigas et al. (2007) and they reported that the high antioxidant activity of the
extract at extremely low concentrations makes Syzygium cumini a potential source of anti
oxidants as well as a natural colourant.

Shanna et al. (2008) studied the effects of flavanoids rich extract ftom seeds of
Eugenia jambolana (L.) on carbohydrate and lipid metabolism in diabetic mice. They
reported that various bioehemieal parameters like glucose tolerance, lipid profile,
glycogen biosynthesis, glucose uptake and insulin release were improved significantly
both in-vivo and in-vitro. Iliey also opined that the extract has hypoglycemic,
hypolipidemic and antioxidant properties.



Materials and Methods



3. MATERIALS AND METHODS

3.1 EXPERIMENTAL ANIMALS

The study was conducted in 40 adult male Wistar rats weighing150- 200 g.

The rats were purchased from Small Animal Breeding Station, Mannuthy. The

animals were housed in appropriate cages in a well ventilated room with a 12-hour

light: 12-hour dark cycle. They were maintained under identical feeding and

managftrnfint 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 plant of Eugenia jambolana was collected from the campus

of College of Veterinary & Animal Sciences, Mannuthy, Thrissur district, Kerala and

identified (Fig. 1).

3.2.1 Preparation of alcoholic extract of Eugenia jambolana

The leaves of the plant Eugenia jambolana was air-dried under shade and

coarsely powdered using an electrical pulverizer. The powder obtained was extracted
using a Soxhlet apparatus with 95% ethanol. The ethanolic extracts were then
concentrated in a rotary vacuum evaporator under reduced pressure and temperature

(55°C) and kept under refiigeration for the complete evaporation of the solvent. The
yield of the extracts was 23.4 % on dry matter basis.

3.3 PHYTOCHEMICAL SCREENING

The ethanolic extract of leaves of plant of Eugenia jambolana was tested for

the presence of various active chemical constituents namely steroids, alkaloids.
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Fig. X.Eugenia jambolana leaves
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phenolic compounds, flavonoids, giycosides, diterpenes, triterpenes and saponins

(Harborne, 1991). Tests for nitrate (Householder et ah, 1966) and cyanide (Bark,

1963) were also conducted.

3.3.1 Tests for Detection of Steroids

3.3.1.1 Salkowski test

About 5mg of the extract was mixed with 3ml of chloroform and then shaken

with 3ml concentrated sulphuric acid. Development of red colour indicates the

presence of steroids.

3.3.1.2 Liberman Burchardt test

About 5mg of the extract was mixed with 3ml of chloroform in a test tube.

Then five drops of acetic anhydride and 1ml 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 0.5g of the extract was mixed with 5ml of ammonia and then extracted

with equal volume of chloroform. To this, 5ml 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 (1.358g of mercuric

chloride dissolved in 60 ml of water and poured into a solution of 5g of potassium

iodide in lOmi of water and then make up the volume to 100ml with distilled water)
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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 (2g of iodine and 6g of potassium iodide

dissolved in lOOml of water) were added to Iml of the acid extract. Development of

reddish brown precipitate indicates the presence of alkaloids.

3.3.2.3 Hager's test (saturated solution of picric acid)

To Iml of the acid extract, a few drops of Hager's reagent (Ig of picric acid

dissolved in 100ml of water) were mixed. Development of yellow precipitate

indicates the presence of alkaloids.

3.3.2.4 Dragendroffs test

A few drops of Dragendroffs reagent (Stock solution (1) 0.6 grams of

bismuth sub nitrate was dissolved in 2nil of concentrated hydrochloric acid and 10ml
of water was added. Stock solution (2) six granls of potassium iodide was dissolved
in lOml of water. Then both the stock solutions (1) and (2) were mixed together and
then it was mixed with 7nil of concentrated hydrochloric acid and 15ml of water.
Sufficient amount of distilled water was added to the mixture to make up the volume
to 400ml) and were mixed with Iml of acid extract. Development of a reddish brown
precipitate indicates the presence of alkaloids.

3.3.3 Test for Detection of Phenolic compounds

About 5mg of the extract was dissolved in Iml of water and five drops of ten
per cent fenic chloride was added to it. Development of dark blue colour indicates
the presence of phenolic compounds.
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3.3.4 Tests for Detection of Tannins

3.3.4.1 Ferric chloride test

Two milligram of the extract was mixed with 3ml of one per cent ferric chloride

solution. Development of a blue, green or brownish colour indicates the presence of

tannins.

3.3.4.2 Gelatin test ̂

About 0.5g 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.

3.3.5. Tests for Detection of Flavonoids

3.3.5.1 Ferric chloride test

To 2ml of alcoholic solution of the extract (0.5g extract in 10ml methanol), a

few drops of neutral ferric chloride solution was mixed. Development of green
colour indicates the presence of flavonoids.

3.3.5.2 Lead acetate test

To 2ml of alcoholic solution of the extract (0.5g extract in 10ml methanol), a

few drops of neutral ten per cent lead acetate was mixed. Development of a yellow
precipitate indicates the presence of flavonoids.
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3.3.6 Tests for Detection of Glycosides

3.3.6.1 Sodium hydroxide test

A small amount of the extract (about 5mg) was mixed with 1ml water and 5-6

drops of sodium hydroxide solution (10%) were added. Development of a yellow

colour indicates the presence of glycosides.

3.3.6.2 Benedict's test

To about Iml of the extract (0.5g extract in 1ml 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 5mg of the extract was mixed with 3ml of copper acetate solution (5

per cent). Development of green colour indicates the presence of diterpenes.

3.3.8. Tests for Detection of Triterpenes

3.3.8.1 Salkowski test

About 3mg of the extract was mixed with 3ml of chloroform and then it was
shaken with 3ml of concentrated sulphuric acid. Development of yellow colour rn
lower layer on standing indicates the presence of triterpenes.

3.3.8.2 Lieberman Burchardt test

A few drops of acetic acid and 1ml concentrated sulphuric acid were added to
J ml of chloroform solution of the extract (about 3mg extract in 3ml chloroform).
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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 5mg) was shaken with 3ml of water.
o

Development of the foam that persists for ten minutes indicates the presence of
saponins.

3.3.10 Test for the detection of nitrates

The plant material was tested with diphenylamine reagent (Diphenylamine
stock solution was prepared by dissolving 0.5 g of diphenylamine in 20 ml of water
and concentrated sulphuric acid was added to bring the volume to 100 ml. equal part
of this stock solution was mixed with 80% sulphuric acid.) The test was conducted by
adding few drops of reagent to the crushed plant material. A bright blue colour
indicates presence of nitrate (Householder et al,, 1966).

3.3.11 Test for the detection of cyanides

Finely chopped fresh plant materials (5g) were added to 100ml boUing tube.
4-12 drops of chloroform was added. To the stoppered Ud, a picrate paper was
anchored in such a way that this picmte paper was hanging away from the bottom of
the liquid. The test tube was kept on a water bath at 30-37« C for about 3 hours. If the
test is positive, yellow picrate paper will turn to red (Bark, 1963).
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3.4 EXPERIMENTAL DESIGN

The animals were randomly divided into 5 groups comprising eight animals

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

from all the groups prior to the experiment for haematological and biochemical

studies.

Group I - Healthy control was administered with vehicle (3% gum acacia at the
rate of 5ml/Kg/day) orally for 10 days.

Group II - Rats were administered 3% gum acacia for 10 days and on 8'*' day
2g/Kg paracetamol given orally.

Group III — Ethanolic extract of leaves of Eugenia jambolana was administered at
a dose rate of 100 mg/kg orally in gum acacia for 10 days and

paracetamol 2g/Kg given on 8^ day.

Group IV - Ethanolic extract of leaves of Eugenia jambolana was admimstered at a
dose rate of 200 mg/kg orally in gum acacia for 10 days and
paracetamol 2g/Kg given on 8^ day.

Group V - Rate were admiutetered with silymarin 100mg«g/day in gum aeaoia for
10 days orally and on day 8,2g«Cg paracetamol administered orally.

The blood was eolleeted from all the animals on day 10 day and serum was
separated and used for the estimation of bioehemical parameters such as serum
alanine aminotransferase, aspartate aminotransferase. albumin, total protein and
bilirubin Blood collected in antieoagulant DisodiumsaltofEthyleneDiamineTetra
beetle acid (EDTA Sodium) at the rate of Img/mi (w. -^d for studying the
haematological parameters like Total leukocyte count (TLC). Drfferentral leukocyte
count (DLC) and haemoglobin.
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On day 10, the rats were sacrificed and liver was collected. These were used

for the estimation of superoxide dismutase (SOD), catalase and also for conducting

histopathological studies.

3.5 COLLECTION OF BIOLOGICAL SAMPLES

3.5.1 Collection of blood and separation of serum

Blood was collected fi-om the retro orbital plexus under mild ether anaesthesia

with heparinized capillary tubes, into sterile centrifuge tubes without adding any
anticoagulant. It was kept at refiigeration 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.

3.5.2 Liver

The animals were euthanized and dissected upon and the liver was collected.

It was washed in running tap water to remove the blood clots and kept in chilled 0.9
percent sodium chloride.

3.6 OBSERVATIONS

3.6.1 Antioxidant enzymes

3.6.1.1 Estimation of Superoxide dismutase

Superoxide dismutase was estimated aecotding to the proeedure followed by
Minami and Yoshikawa (1979).

a. Reagents ,

1. Tris cacodylic acid buffer (50mM, pH 8.2)
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Tris cacodylic acid SOmM

Diethylene triamine penta acetic acid ImM

Nitroblue tetrazolium O.lmM

Triton X 100 0.001 percent

All the reagents were mixed in equal quantities and the pH was adjusted to 8.2

using O.IN sodium hydroxide.

2. Sodium chloride 0.9 percent

3. Pyrogallol 0.2mM

b. Procedure

1. Freshly excised liver was homogenized with 10 volumes of 0.9 percent
sodium chloride followed by centrifugation at 400 ipm for 10 minutes at 4°C
to harvest the supernatant.

2. The assay mixture in a total volume of 3ml consisted of 1.4ml of SOmM tris
cacodylic acid buffer, 1.4nil of 0.2mM pyrogallol and 0.2ml of enzyme
preparation.

3. Blank contained distilled water instead of enzyme preparation
4. The absorbance due to autooxidation of pyrogallol was read at 420mn using

'Genesys' spectrophotometer.

5 One unit of SOD activity was the apiount of enzyme which inhibited
pyrogallol autooxidation by 50% under experimental conditions,

6. The vdues were expressed in units/mgofprotein after quantifying the protein
■  contentofsupematantbymethodofLowiyetu;.(1951),
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3.6.1.2 Estimation of Catalase

Catalase was estimated by the procedure followed by Cohen W al. (1970).
I

a. Reagents

1. Phosphate buffer-Hydrogen peroxide solution (1 OmM)

Phosphate buffer — 0.05M, pH 7.0

0.2 M sodium dihydrogen phosphate 39 ml

0.2 M disodium hydrogen phosphate 61 ml

Immediately before use 0.12ml of hydrogen peroxide was added to 100ml buffer.

b. Procedure

1. 3 ml of the phosphate buffer-hydrogen peroxide solution was taken in test
tubes.

2. Blank contained distilled water instead of hydrogen peroxide solution.
3. Samples prepared in sodium chloride (as described in case of superoxide

dismutase) were added to both and the absorbance was read at 240nm at the
20*^ second of addition of sample using 'Genesys' spectrophotometer.

4. The time required for the initial absorbance to decrease by 0.05 umts was
noted.

5. The activity in units/assay mixture was calculated by using the
fonnula log E1/E2 x 2300/6.93 x 1/At.

El- Initial absorbance

Ej. Absorbance after decrease by 0.05 units
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At- Time taken for the decrease in absorbance by 0.05 units (in seconds).

3.7 ESTIMATION OF SERUM PARAMETERS

The serum parameters were estimated colourimetrically in semi automatic

blood analyzer (Microlab 200) by using the analytical kits supplied by Agappe

Diagnostics Pvt. Ltd, Emakulam, Kerala, India.

3.7.1 Alanine aminotransferase (ALT)

UV Kinetic test (Reitman and Frankel, 1957)

Principle

Serum ALT catalyses the transfer of aminogroup jfrom L- 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 lOOpl of sample into 1000 pi woiidng reagent, mixed weU and
measured the absoibance at 340 nm in an auto analyzer.

3.7.2 Aspartate aminotransferase (AST)

UV Kinetic test (Reitman and Frankel, 1957)

'  Aspartate aminotransferase catalyses transfer of amino group from L aspartate
to 2- oxoglutarate forming oxaloacetate and L glutamate. The rate of this reaction is



38

monitored by an indicator reaction coupled with malate Dehydrogenase in the

presence of NADH. The oxidation of NADH at 240 nm, which is proportional to

AST activity.

Procedure ;

Mixed well 10 pi of sample and 1000 pi of working reagent and measured the
absorbance at 340 nm in an auto analyzer,

3.7.3 Estimation of serum Total Protein

Biuret method (Gomall et a\., 1949)

Principle

The peptide bonds of protein react with copper ions in alkaline solution to
form a blue- violet complex (so called biuret reaction). The complex formed is
proportional to the protein concentration and is measured at 540 nm.

Procedure

Sample, standaid and blank were prepared as follows

StandardSample

Serum

Standard

Reaction solution
lOOOpl

lOpl

lOOOpI

Mixed the solutions and incubated for ten minutes at 37 »C. Read the absorbance ofstandmd and sample against blank at 540 nm
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Serum total protein (g/dl) = Absorbance of sample/ Absorbance of standard X 6

3.7.4 Estimation of serum albumin (Bromocresol Green Dye Method ,Doumas,

1971)

Principle

Albumin forms a blue green complex with bromocresol green at slightly

acidic pH, which is measured photometrically.

Sample, standard and blank were prepared as follows

Sample Standard Blank

Serum lOpl
.

Standard lOpl

Reaction solution lOOOpl 1000|il lOOOpl

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

standard and sample against blank at 540 nm

Serum total protein (g/dl) = Absorbance of sample/ Absorbance of standard X 3

3.7.5 Estimation of bilirubin (Modified DMSO method)

Principle

Sulfanilic acid reacts with sodium nitrite in the presence of diazotized
sulfanilic acid to fonn azobilirubin. In the presence of dimethyl sulfoxide, only the
direct bilirubip reacts to give azobilirubin.
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Procedure

Sample, blank and test were prepared as follows

Sample blank Test

Total bilirubin reagent lOOOpl lOOOpl

Activator Total t 20pl

Serum 50pl 50|il

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 (T) - OD of sample blank (T)

X 20.5 (multiplication factor)

3.8 HAEMATOLOGICAL PARAMETERS

3.8.1 Haemoglobin concentration

Haemoglobin was estimated by acid Haematin method (Benjamm. 1985).

3.8.2 Total leukocyte count

Leucocytes were counted by standard dUution technique using Thomas fluid.
Counting of leucocytes was done in the zone for leucocytes in the haemocytometer
placed under low power of microscope (Benjamin. 1985).
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3.8.3 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 imder

oil immersion (Benjamin, 1985).

3.9 GROSS AND HISTOPATHOLOGICAL EXAMINATION OF LIVER

The gross and histopathological lesions in liver were studied by collecting

representative samples of liver obtained from the dissected animals on the 10 day.

3.9.1 Gross lesions

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

3.9.2 Histopathological examination

After sacrificing the animals on the lO'^' day, liver was taken for
histopathological examination to asses the hepatotoxicity. Three mm thick, pieces of
liver were selected randomly from both control and experimental groups of rats and
were fixed in 10 percent 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.

3.10 STATISTICAL ANALYSIS OF DATA

Results were analyzed by using analysis of variance (ANOVA) technique for
comparison between groups and paired t test (Snedecor and Cochrun, 1985). Results
were e>sxpressed as mean ± standard error.
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4. RESULTS

4.1 PHYTOCHEMICAL SCREENING

4.1.1 Steroids

No red colour and red ring were obtained in the Salkowski test and Lieberman

• Burchadt test respectively. Thus it could be concluded that steroids were not present

in the ethanolic extract of Eugenia jambolana.

4.1.2 Alkaloids

No creamy white precipitate in Mayer's test and no ch^cteristic yellow
coloured precipitate with Hager's test were obtained with the extract. With Wagner's
reagent, no characteristic reddish brown precipitate was obtained. Dragendroffs test
also gave a negative result. So no detectable levels of alkaloids were present in the
ethanolic extract of Eugenia jambolana.

4.1.3 Phenolic compounds

The extract mixed with 10 percent ferric chloride produced dark blue colour,
which indicated the presence of phenolic compounds in Eugenia jambolana alcoholic
extract

4.1.4 Tannins ^ a wt
Brownish green colour was obtained in ferric chloride test and white

precipitate in gelatin test. It revealed the presence of tannins in the ethanolic extract
of Eugenia jambolana.

4.1.5 Flavonoids . . „ i ^

A green colour in the ferric chloride test and a characteristic ye ow co oure
precipitate in lead acetate test indicated the presence of flavonoids in the extract.
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I

4.1.6 Glycosides

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

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

4.1.7 Diterpenes

Diteipenes were detected in Eugenia jambolana alcoholic extract as mdicated
by the green colour when mixed with copper sulphate solution.

4.1.8 Triterpenes

For Eugenia jambolana alcoholic extract, lower layer tumed to yellow on
standing as per Salkowski test, and by Leiberman Burchadt's test, a deep rmg
appeared at the junction of the two layers. These results indicated the presence of
triterpenes in the extract.

4.1.9 Saponins

In the foam test, foam was not persisted for 10 minutes, which mdrcated that
no saponins were present in the extract.

'■^'"Xt^teristic bright blue colour was formed, which indicated that no
nitrate was present in the fresh leaf of the plant.

picmte paper was not tumed to red after incubation for 3 houm at
37« C. Ibis indicated that no cyanide was present in flre plant matenal.

"■The results obtained were summarized in the Table 1.
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Table 1. Results of phytochemical screening oi Eugenia jambolana extract

Si. No

1

5

6

7

8

9

10

11

Active principle

Steroids

Alkaloids

Tannins

Flavonoids

Glycosides

Phenolic compounds

Diterpenes

Triterpenes

Saponins

Nitrate

Cyanide

Eugenia jambolana

Absent

Absent

Present

Present

Present

Present

Present

Present

Absent

Absent

Absent
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;

4.2. PHYSIOLOGICAL PARAMETERS

4.2.1. Body weights

The individual and mean body weights of rats (group I, group II, group III,

group IV and group V) were recorded on the day 0 and 10 of the experiment and are

presented in the Table 2. The body weight recorded on the day 0 of groups I to V

were 173.75 ± 4.60, 180.00 ± 4.62, 182.50 ±4.90, 181.25 ± 2.95 and 178.75 ± 5.15 g

respectively. After treatment on the lO*'' day, the mean body weights recorded were
179.37 ± 3.71, 176.25 ± 5.40, 182.50 ± 4.90, 185.00 ± 3.13 and 182.5 ± 4.62 g
respectively. A reduction in body weight was shown by group II animals and no
change was shown by group III animals. A gradual increase in weight noticed was in
the groups I, IV and V.

4.3 BIOCHEMICAL PARAMETERS

4.3.1 Antioxidant enzymes

4.3,1.1 Superoxide dismutase

The values obtained were presented in the Table 3 and Figure 2. The mean
nomal superoxide dismutase (SOD) level was found to be 49^6 ± 2.19 units/ mg
protein. Out of five groups the SOD levels were lowest (22.28 ± 1.50) for group fi
animals (paracetamol treated groups). A significant increase in the level of SOD was
noted in both the treatment groups when compared with paracetamol treated group
(Group II). The SOD levels following treatment with ethanolic extract of Eugenia
Jambolana at doses lOOmg/ Kg (Group HI) and 200 mg«g (Group IV) were 46.11 ±
2 07 and 49.45 ± 1.67 units/mg protein respectively. The SOD level of silymarin
n^ted animals (Group V) was 49.52 4 1.25 units/ mg protein. There was no
significant difference between Group III, IV and Group V animals.



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

Animal

No.

Group I

Day 0
day

Groupn

Day 0

W10'

day

Group III

Day 0
day

Group IV Group V

Day 0
10'

day
Day 0

W10'

day

1 180 188 160 150 200 200 180 180 170 180

160 170 180 180 200 200 200 200 170 175

180 185 170 165 180 180 180 185 180 180

200 200 200 200 190 190 180 185 170 180

160 170 190 190 170 170 170 170 160 160

170 175 .190 180 180 180 180 180 200 200

170 180 180 175 160 160 180 190 180 185

8 170 170 170 170 180 180 180 190 200 200

Mean 173.75

SE 4.60

179.37

3.71

180.00

4.62

176.25

5.40

182.50

4.90

182.50

4.90

181.25

2.95

185.00

3.13

178.75

5.15

182.50

4.62
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4.3.1.2 Catalase

The results were shown in Table 4 and Figure 3. Catalase level in normal
animals was found as 67.65 ± 3.17 units/assay mixture. A reductidn in the catalase

levels was noted in paracetamol treated group's when compared with the normal
animals. Here the value is 42.60 ± 2.37. After 10 days of expetiment the catalase
levels in Group III, IV and V were found to be 66.17 ± 2.25, 74.60 ± 2.68 and 75.58
± 2.24 units/ assay mixture respectively. The maximum value was noticed In the

xr ' (n/i ̂ 8 + 9 94^ The catalase levels in Group IVsilymarin treated group V animals (75.58 ± l.lV- ̂ ne cdioi

and V were comparable.

4.4 SERUM PARAMETERS

4 41 Alanine amino transferase (ALT)
The results obtained were presented on the Tables 5 and 6 and Figure 4. The

serum ALT levels before treatment were 54.12 ± 2.45, 56.25 L 3.91, 55.62 ± 2.16
54 75 ± 3 09 and 57.00 ± 3.13 U/L, respectively in groups 1 to V. The highest eve o
alt was noticed in the paracetamol treated gronp, where foe value mcrea^ om
56.25 ± 3.91 to 139. 62 ± 5.17 U/L. After ten days of experimmrt "
was 54 37 2.47 in normal animals and In foe extract treated anrmals tl^e vfou
became 118.12 L 4.92 and 97.37 L 4.70 U/L at 100 and 200the silymarin treated groups foe values were near to foe nom.al^ ( •
U/LLGroupIandGroupVarrimalsdidnotdlffersignrficanUylP 0.0 ).

4.4.2 Aspartateamlno transferase (AST) . - ̂  g and in Figure 5. The
n,. .1—" jrr.3

AST 6,04 U/L respectively in group I, II. HI. IV and V
149.00 ± 5.06 an • ^ paracetamol treated animals.
' animals. After treatmen, ^ treatment the

Here the value increased to
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values were 151.12 ± 7.2, 190.00 ± 6.37, 160.12 ± 4.95 and 147.62± 6.30 U/L
respectively in groups I, III, IV and V animals. CSroup I, IV and V do not differ
significantly (P<0.05).

4.4.3 Serum total protein

nie values of serum total protein obtained before and after treatment were
presented on Table 9 and 10 and Figure 6. The means on the day 0 were 6.76 ± 0.11.
6.65 ± 0.13, 6.58 ±0.11, 6.32 ± 0.15 and 6.30 ± 0.12 g/dl respectively, for groups I to
V After the treatment with ethanoUc extract of Eugenia jamboUma at the dose of 100
and 200 mg/ Kg, the level changed to 6.58 ± 0.13 and 6.45 ± 0.11 g/dl resp^trvely
Tire value of group I animals were same before and after the treatm^t The to^
protein level of Group ft animals decreased to 6.41 ± 0.17 ftom 6.65 ± 0.13 g/dl. The
values of Group I and V were 6.76 ± 0.08 and 6.46 ± 0.10 respectrvely.

4.4.4 Serum albumin . , n j 10

The data obtained before and after treatment were shown m Tabies
and Figure 7. On the day 0, the mean serum albumin levels of Groups I to V wwe
ri ±to9 2 41 ± 0.10, 2.71 ± 0.07, 2.37 ± 0.12 and 2.5 ± 0.05 g/dl respec vely.Xr—with«—extractatthe 100^
rv.ueswerech.gedm2.78±0.05^--^^^^

ri^ori^o wrnoticed in the paracetamol treated group. Here
:rrri decreased to 2.02 ± 0.05 g/dl. There was no signiftcant dilference
between the groups I, fV and V.

4.4.5 Serum total bUlrubin

TtT ^ "14 and 35 ± 0 03 and 0.32 ± 0.02 mg/dl respectively for the groups I to V.
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Table 3. Effect of Eugenia jambolana on superoxide dismutase level
(units/mg protein) in paracetamol induced hepatotoxicity in rats (n=8)

Group VGroup IVGroup IIIGroup IIGroup IAnimal

Means bearing the same superscripts do not differ significantly at P<0.05

Table 4. Effect of Eugenia jambolana ° mixture)
in paracetamol induced hepatotoxicity m rats (n 8)

I  ̂ Txr I VGroup IVGroup IIIGroup IIGroup IAnimal

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

Animal

No

Group I Group II Group III Group IV Group V

1 54 53 47 53 61

2 45 47 54 62 55

3 65 49 63 39 64

4 62 39 48 49 57

5 57 68 53 64 52

6 48 59 60 57 48

7 49 70 62 50 46

8 53 65 58 64
—  u

73

Mean 54.12® 56.25® 55.62® 54.75® 57.00®

SE 2.45 3.91 2.16 3.09 3.13

Means bearing the same superscripts do not differ significantly at P<0.05

Table 6. Effect of Eugenia Jambolam on ALT W In paracetamol Induced
hepatotoxicity in rats (n=8)

Group VGroup IVGroup IIIGroup IIQroup IAnimal

118.12139.6254.37®Mean

^ ciinerscripts do not differ significantly at P<0.05Means bearing the same sup P ^
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Table 7. Serum AST level (U/L) before treatment in rats (n=8)

Animal

No

Group I Group n Group III Group IV Group V

1 128 130 134 162 158

2 154 164 125 127 133

3 149 159 107 153 156

4 175 137 152 137 127

5 188 129 138 159 • 132

6 152 161 164 133 142

7 137 157 139 159 178

8 131 109 129 162 153

Mean 151.75 143.25 136.00 •149.00 147.37

SE 7.41 7.03 6.07 5.06 6.04

Table 8.Effect of Eugenia jambolana on AST (U/L) in paracetamol
induced hepatotoxicity in rats (n=8)

Group VGroup IVGroup IIIGroup nGroup IAnimal

No

147.62160.12274.62151.12

Means bearing the same superseripts do not differ signifieantly at P<0.05
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Table 9. Serum Total protein level (g/dl) before treatment in rats (n=8)

Animal

No

Group I Group II Group III Group IV Group V

1 6.7 6.3 6.3 7.0 6.9

2 6.5 6.1 6.1 6.2 6.4

3 7.0 6.5 6.5 5.8 6.3

4 6.4 7.0 7.1 5.9 5.9

5 6.3 7.2 6.5 6.3 6.2

6 6.9 6.5 6.7 6.9 6.7

7 7.1 6.7 7.0 6.1 6.1

8 7.2 6.9 6.5 "• 6.4 5.9

Mean 6.76 6.65 6.58 6.32 6.30

1  SE 0.11 0.13 0.11 0.15 0.12

Table lO.Effect of Eugenia jambolana on Total protein level in paracetamol
induced hepatotoxicity in rats (n=8)

Group VGroup rvGroup IIIGroup IIGroup IAnimal

No
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Table 11. Serum albumin level (g/dl) before treatment in rats (n=8)

Animal Group I Group n Group III Group IV Group V

No

1 2.1 2.8 2.8 2.3 2.4

2 2.2 2.1 2.9 2.9 2.5

3 2.8 2.5 2.5 2.0 2.2

4 2.5 2.2 2.3 2.1 2.7

5 2.4 2.3 2.9 2.6 2.9

6 2.3 2.9 2.8 2.8 2.4

7 2.1 2.1 2.9 ...2.1 2.3

8 2.7 2.4 2.6 2.2 2.1

Mean

SE

2.38

0.09

2.41

0.10

2.71

0.07

2.37

0.12

2.52

0.05

Table 12. Effect of Eugenia jambolam on serum albui^ (g/dl) in paracetamol
induced hepatotoxicity in rats (n-8)

Group VGroup IVGroup IIIGroup IIGroup IAnimal

Means bearing thesamesupemcriptsdonot differ si^candy at P<0.05
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Table 13. Serum total bilirubin (ragM) before treatment in rats (n=8)

Animal

No

Group I Group II Group III Group IV Group V

1 0.4 0.3 0.4 0.3 0.3

2 0.3 0.4 0.3 0.4 0.4

3 0.3 0.3 0.3 0.2 0.4

4 0.4 0.4 0.4 0.3 0.4

5 0.3 0.4 0.3 0.4 0.3

6 0.3 0.3 0.4 0.5 0.2

7 0.3 0.3 0.4 0.4 0.3

8 0.4 0.4 0.3 "0.3 0.3

Mean 0.34 0.35 0.35 0.35 0.32

SE 0.01 0.01 0.01 0.03 0.02

Table 14. Effect of Eugenia jambolana on serum total bilirubin (mg/dl) in
paracetamol induced hepatotoxicity in rats (n=8)

Animal Group I Group II Group III Group IV Group V

No

1 0.4 0.8 0.4 0.4 0.4

2 0.4 1.1 0.4 0.7 0.3

3 0.3 1.0 0.5 0.4 0.4

4 0.4 1.3 0.5 0.3 0.3

5 0.3 1.2 0.4 0.3 0.2

6 0.3 0.8 0.3 0.4 0.3

7 0.3 1.1 0.4 0.3 0.4

8 0.4 0.9 0.5 0.4 0.3

Mean 0.35" 1.02" 0.42" 0.40" 0.34"

SE 0.01 0.06 0.02 0.04 0.02

Means bearing the same superseripts do not differ significantly at P<0.05
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Fig.2. Effect of treatment of SOD level (units/mg of protein)
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Fig 3. Effect of treatmeut on catalase level (units/assay mixture)
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Group I Group II Group IH Group IV Group V

Dotted bars indicate levels after treatment
Fig. 4. Effect of treatment on ALT level (U/L)

300 n

Group I Group II Group III Group IV Group V

Dotted bars indicate levels after treatment
Fig. 5- Effect of treatment on AST level (U/L)
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Group I  Group II Group m Group IV Group V

Dotted bars indicate levels after treatment
Fig. 6. Effect of treatment on total protein level (g/dl)

III Group IV Group VGroup I Group II Group
•  levels after treatmentDotted bars tudtcateje
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Group I  Group II Group III Group IV Group V

Dotted bars indicate levels after treatment
Fig. 8. Effect of treatment on total bilirubin level (mg/dl)
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A high level of bilirubin 1.02 ± 0.06 mg/dl was noticed in the Group II animals. The

level of total bilirubin in the other groups were 0.35 ±0.01, 0.42 ± 0.02, 0.40 ± 0.04

and 0.34 ± 0.02 mg/dl for the groups I, III, IV and V respectively. Groups I, III, IV

and V did not differ significantly (P<0.05).

4.5 HAEMATOLOGICAL PARAMETERS

4.5.1 Haemoglobin concentration

The mean values were presented in the Tables 15 and 16. The haemoglobin

concentration of group I, II, III, IV and Group V animals before the treatment is

10.00 ± 0.40,10.50 ± 0.35, 10.81 ± 0.29, 9^68 ± 0.33 and 10.75 ± 0.35 g/dl. After the

experiment the concentrations were 10.12 ± 0.32, 10.31 ± 0.31, 10.81 ± 0.32, 9.75 ±

0.26 and 10.68 ± 0.40 g/dl respectively for the groups 1 to V. The values were in

normal range on both the occasions in all the groups.

4.5.2 Total Leukocyte Count (TLC)

The values before and after treatment were presented in Tabbs 15 and 16. All

the values were in the normal range before and after the treatment. On the day 0, the

values were 11.43 ± 0.29, 11.70 ± 0.29, 11.42 ± 0.32, and 11.60 ± 0.35 and 11.90 ±

0.39 X lOVpl respectively. After the treatment the values were 11.58 ± 0.22, 11.13 ±
0.42, 11.46 ± 0.39, 11.67 ± 0.34 and 12.30 ± 0.35 X lOV-

4.5.3 Differential Leukocyte Count (DLC)

4.5.3.1 Lymphocytes

The results obtained were in the Tables 15 and 16. Before treatment the values
were 79.92 ± 0.54, 79.62 ± 0.48, 78.93 ± 0.46,79.08 ± 0.35 and 79.07 ± 0.34 percent
for the groups I to V. After the treatment with the plant extract the values were 78.76
± 0.43 and 78.67 ± 0.46 pereent respectively. In the group B animals the mean value
was 79.17 ± 0.34 percent.
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Table 15.<^Haematological values before treatment in rats

Leucocyte Differential leucocyte count (?
Haemoglobin

(g/dl)
count

Lymphocyte Neutrophil Eosinophil Monocyte Basophil(107pl)

Group I

Group n

Group in

79.08Group IV

Mean
Group V



Table 16. Effect of Eugenia jambolana on haematological parameters in paracetamol induced hepatotoxicity in rats (n=8)

0 Haemoglobin Leucocyte Differential leucocyte count (%)

.1

count

(lOV)

Lymphocyte Neutrophil Eosinophil Monocyte Basophil

Group I Mean 10.12 11.58 69.25 18.51 0.66 0.14 0.00

SE 0.32 0.22 9.89 0.40 0.05 0.04 0.00

Groupn Mean 10.31 11.13 79.17 19.65 0.63 0.15 0.00

SE 0.31 0.42 0.34 0.32 0.02 0.04 0.00

Group in Mean 10.81 11.46 78.76 19.86 0.63 0.15 0.00

SE 0.32 0.39 0.43 0.29 0.03 0.05 __ 0.00

Group IV Mean 9.75 11.67 78.67 19.70 0.65 0.12 0.00

SE 0.26 0.34 0.46 0.45 0.04 0.06 0.00

Group V Mean 10.68 12.30 79.12 19.70 0.66 0.14 0.00

SE 0.40 0.35 0.32 0.36 0.03 0.08 0.00



62

4.5.3.2 Neutrophils

The data were presented in the Tables 15 and 16. The Neutrophil count of the

rats before treatment were 18.47 ± 0.47, 19.65 ± 0.34, 20.22 ± 0.37, 19.63 ± 0.36 and

19.91 ± 0.40 percent respectively for the groups I to V. After the experiment on the

lO**" day the values obtained were 18.47 ± 0.47, 19.65 ± 0.34, 20.22 ± 0.37, 19.63 ±

0.36 and 19.91 ± 0.40 percent respectively for the groups I to V.

4.5.3.3 Eosinophils

The results obtained were presented in Tables 15 and 16. The values were

0.61 ± 0.06, 0.61 ± 0.02, 0.67 ± 0.03, 0.66 ± 0.05 and 0.67 ± 0.03 percent for the
groups I to V. After the treatment with the plant extract the values were recorded as
0.66 ± 0.05, 0.63 ± 0.02, 0.63 ± 0.03, 0.65 ± 0.04 and 0.66 ± 0.03 percent
respectively.

4.5.3.4 Monocytes

The data was presented in the tables 15 and 16. The Monocyte eount before
treatment were 0.14 ± 0.05. 0.15 ± 0.06, 0.15 ± 0.07. 0.12 ± 0.09 and 0.14 d= 0.08
percent and after the treatment the values were 0.14 ± 0.04. 0.15 ± 0.04. 0.15 ± 0.05.
0.12 ± 0.06 and 0.14 ± 0.08 percent respectively for the groups 1. ft. IH. IV and
Group V.

4.5.3.5 Basophils

Basophils were not observed before and after the treatment

4 6 GROSS AND HISTOPATHOLOQICAL EXAMINATION OF LIVER
GK.SS examination of liver from all the groups showed normal appearance and

colour except the paracetamol treated group (Fig. 9). Paracetamol treated group
'showed marked greyish white areas of necrosis and diftuse petichae (Fig. 10).
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Histopathological examination of the liver from the normal group revealed

normal hepatic architecture (Fig. 11). In the paracetamol treated group, only ring of

hepatocytes and there were extensive areas of coagulation necrosis and sinusoidal

congestion (Fig. 12). In the lOOmg/Kg extract treated group, liver showed diffuse

necrotic areas involving only certain lobules (Fig. 13). The hepatocytes surrounding

those areas were hypertrophic. A few mononuclear cells were seen in the necrotic

area. Kupffer cell reaction was prominent. In the 200m^g extract treated group

necrosis involving only a very few hepatoc)'tes in certain lobules and it showed

almost normal hepatic architecture (Fig. 14). The hepatocytes seen around such

lesions were hypertrophic and some of the h^atocytes have hyperchromatic nuclei.
Silyniarin treated group showed almost normal liver architecture (Fig. 15) except for
some mild foci of coagulation.
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Fig. 9.Normal liver

Fig. 10. Liver of paracetamol treated group
showing areas of necrosis(N)
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Fig. 11. Liver - healthy control

Normal arrangement of hepatocytes(H&Exl00)

Fig. 12. Liver - paracetamol
treated group showing centrilobular

coagulation necrosis (H&ExlOO)
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y*r >yA:r

Fig. 13. Liver- Eugenia jambolana 100 mg/ Kg

Diffuse necrosis and pericentral inflammatory cells (H&ExlOO)

»  . »i » 'i • / n , t • t ^ ^ ^ r
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Fig. 14. LivQT-Eugenia jambolana 200 mg/ Kg
Hepatic regeneration, normal hepatic architecture (H&ExlOO)
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5. DISCUSSION

The liver is the key organ regulating homeostasis in the body, it is involved in

almost all the biochemical pathways , related to growth, fight against diseases, nutrient

supply and energy provision. The , liver not only'performs physiological fimctions but
protects against the hazards of harmfixl drugs and chemicals also.

In spite of tremendous scientific advancement in the field of medicine in recent
years, ailments due to liver disorders are on the rise. Liver diseases such as jaundice,
cirrhosis and fatty liver are the very common hepatic disorders that account for a high
death rate. Presently only a few hepatoprotective drugs and that too fi-om natural sources
are available for the treatment of liver disorders. Drugs like N- acetyl cysteine and
silymarin were used to treat various liver disorders. Some vitamins like vitamin C, E and
B complex were also used because of their antioxidant properties. Herbal medicines
derived from plant extracts are increasingly utilized to treat a wide variety of clinical
diseases though relatively little knowledge about their mode of action is available. In
India, mainly polyherbal formulations were used to treat liver disorders. There are herbal
drugs like Phyllanthus niruri, which were used traditionally for the treatment ofjaundice.
There are various other herbal agents, but their effects are not scientifically validated.
Hence the present study was undertaken to evaluate the hepatoprotective effect of
thanolic extract of Eugenia jamholana in paracetamol induced hepatotoxicity.

In the present study paracetamol is used to induce the hepatotoxicity. It is widely
1  Anm with least gastrointestinal disturbances. The other hepatotoxicused as an analgesic drug wiu e ^ ^

like CCI4 antitubercular drugs, thioacetanude, galactosamide, ethanol and sodiumagents e hepatotoxicity experimentally. Most of the hepatotoxic
oxalate can ahjy by lipid peroxidation and also by other oxidative
aaents cause liver damage ^ ^ ..  deethylated product of phenacetm and it can produce acutedamages. Paracetamol IS tne oe ^ f . . .

the covalent binding of N- acetyl- p-Benzoqumone iimne, an oxidationliyer damage by cifhvdrvl croups of protein resulting in cell necrosis and
product of paracetamol to suimyary g
thereby damage.
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There were five groups of eight animals each group. Blood was collected prior to

the experiment for the estimation of serum parameters and haematological parameters.
Control group was administered with 3% gum acacia (vehicle) 5ml/Kg for 10 days.
Groups III and IV administered with Eugenia jambolana leaf extract at the dose rate 100
and 200 mg/ Kg respectively and the group V administered with silymarin at the dose of
100mg«g/day in 3% gum acacia. Groups II, ffl, IV and V were administered with
paracetamol on eighth day at the dose rate of 2g«g. Fourty eight hours after the

of paracetamol, all the animals were sacrificed after blood collection and
biochemical and haematological parameteis were estimated and conducted
histopathology of liver.

5 1 PHYTOCHEMICAL SCREENING
Phytochemical screening of the ethanolic extract of Eugenia jambolana revealed

the presence of phenoUc compounds, fiavonoids, tannins, glycosides, ditetpenes and
tritcrpcncs.

Ethyl acetate extract of Eugenia jambolana leaves was found to contam a
com Heated mixture of polyphenols, specially flavonols, glycosides and some phenoliccompica ellagitannins. Depending on chromatographic and
acids t g isolated compoimds were identified as gallic acid, methyl
.pectroscopic

gallate, Iraemp ̂  („yricetin 4»- O- acetate, myricetrin, chlorogenic
O- acetyl)- a- - 3.O- a - L rhamnopyranoside (quercet),
acid, quarceto _ and nilocitin (Mahmoud er al, 2001). They
kaempferol 3- -P Jambolana are rich in fiavonols, glycosides and some
also reported that Hewawasam et al. (2003) stated that fiavonoids were
of their acylated r ^ scavengers and antiperoxidants and thereby
known to be ^ Shanna (1974) isolated sitosterol, betulinic acid,
hepatoprotective ag®s.^ ̂  ,^sane, n-nonacosane, n-hentriacontane, n-octacosanol,
categolic sugara like ̂ ucose, finctose and acids like oxalic,

n- biacontanol n- glycine. alanine. tyrosine and leucine were also
citric and glyno la . ̂ Jambolana. Timbola er al. (2002) isolated quarcetin,
isolated fi-om the leave
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myricetin, myricitrm and a flavonols glycoside myricitrin and a flavonols glycoside

myricetin 3-0- 4"- acetyl) - a - L rhaninopyranoside from its leaves. The leaves also

contain some essential oils.

Pepato et al. (2001) observed no significant difference in biochemical and

physiological parameters when decoction of Eugenia jambolana leaves was given to
Streptozotocin- induced diabetic rats as a substitute for water. From this they concluded

that the leaves have no antidiabetic activity.

Ravi et al. (2004) reported that oral administration of ethanolic extract of

Eugenia jambolana seed kernel in Streptozotocin- induced diabetic rats, significantly
decreased the levels of glycosylated haempglobin, increased the body weight and
haemoglobin, and restored the activities of superoxide dismutase, catalase, and
glutathione peroxidase to the normal levels because of their antioxidant property. Silva et
al (2006) also reported about the antioxidant compounds in the leaves of Eugenia
jambolana The hepatoprotective effect of the plant Eugenia jambolana may be attributed
to the presence of phytochemical constituents like phenolic compounds, flavonoids and
tannins, mainly through their antioxidant activity.

Flavonoids, which occur both in the free state and as glycosides, are the largest
of naturally occurring phenols and have broad biological properties. The capability

interact with protein phosphorylation and the antioxidant, iron chelating and free
adical scavenging activity may account for the wide pharmacological profile of

fl onoids The scavenging of free radicals by Syzygium cumini leaves extract may have
.,/rnle in oroviding the protection against the radiation- induced

played an important roic f
damage to DNA (Jagetia et al, 2002).

i««,f extract of Eugenia jambolana contained several polyphenolic
The aqueous ie<u

, n ^rtnids which were responsible for the antiviral activities againstCompounds and flavonom
•  ic rRhanuprakash et al., 2007).buffalo pox virus (Bnanup
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The Syzygium cumini leaves extract has antiinicrobial activity due to the tannins

and other phaiolic constituents and is very rich in gallic acid and ellagic acid polyphenols

derivatives (Oliveira et al.^ 2Q01)

5.2 PJIYSIOLOGICAL PARAMETERS

5.2.1 Body weight

In the present study, all the groups except the paracetamol treated group showed a
gradual increase in weight gain. Paracetamol treated group showed a weight loss after the
paracetamol administration, which may be due to the reduced feed intake and also the

were under the stress of the hepatotoxic agent. Mathew (2005) also observed the

weight loss in rats, which were treated with paracetamol at the dose of 3g/ Kg orally for
three days and these results were comparable.

5.3 OBSERVATIONS

5.3.1 Antioxidant effects

The leaves of the plant contain polyphenols and flavonoids which were proven

antioxidants.

5.3.1.1 Superoxide dismutase
Increase in serum activity of Superoxide dismutase (SOD) is a sensitive index in

hepatocellular damage. SOD has been reported as one of the most important enzymes in
the enzymatic antioxidant defense system. It scavenges the superoxide anions to form

vide hence di"^i"isbing the toxic effect caused by this radical (Curtis et al
hydrogen peroxiuc,

orevent generation of hydroxyl radical and protect the cellular
1972) These enzymes &constituents fomoxidative damage. ^

«+ cfiidv SOD levels were decreased m paracetamol treated groups
In the present stuoy,

the findings of Gupta et al. (2004) and Murugesh et al. (2005).
which correlates wi , , i u j • •

1, ^lic extract of Eugenia jambolana leaves showed an mcrease m
Treatment with ethanon
'  ; .-„endent manner. The enzymic antioxidant defense system is the
SOD activity in a dose nop

Hoid peroxidation. SOD, catalase and glutathione peroxidase
nature's protection agamsi npi« f ,

^  „f superoxide ion and hydrogen peroxide (Dash et al, 2007).
are important scavengers oi p
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When heavy dose of paracetamol was administered the animal was imder stress and the

level of SOD was decreased. The highest SOD value was noticed in the silymarin treated

animals.

This showed that ethanolic extract of Eugenia jambolana can reduce the reactive

free radicals that might lessen oxidative damage to the tissues and improve the activities

of hepatic antioxidant enzyme.

I

5.3.1.2 Catalase

Catalase (CAT) is an enzymatic antioxidant widely distributed in all animal

tissues and highest activity is found in the red cells and liver. Catalase decomposes

hydrogen peroxide and protects the tissue from highly reactive hydroxyl radicals.
Therefore the reduction in the activity of these enzymes may result in a number of

deleterious effects due to the accumulation of superoxide radicals and hydrogen peroxide

(Dash et al., 2007).

In the present investigation antioxidant enzymes like SOD and catalase levels

were low with the paracetamol treated group. Similar results were also obtained by
Iwalokun et al. (2006) with the administration of acetaminophen at the dose of 300mg/Kg
intraperitoneallly for seven days. Treatment groups showed an increase in the catalase
level at the doses 100 and 200mg/Kg. At the dose rate of 200mg/Kg the effects could be
compared with the silymarin because no significant difference exist m between them
(P<0.05). As reported earlier the phenolic compounds, flavonoids and the tanmns present
in the extract may be responsible for this property because of their antioxidant effect.

Administration of ethanolic extract of Eugenia jambolana increased the activities

of SOD and catalase in paracetamol induced liver damage m rats to prevent the
Icumulation of excessive free radicals and protects the liver from paracetamol
intoxication.

5 4 SERUM parameters
The study of different enzyme activities such as Alanine amino transferase (ALT),

As art t amino transferase (AST), Serum alkaline phosphatase (SALP), total protein
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and total bilinibin have been found to be of great value in the assessment of clinical and -
experimental liver damage. Kaushal er al. (1999) observed six fold increase in AST and
eight fold inciease in ALT levels in paiacetamol treated rats.

5.4.1 Alanine aminotransferase (ALT)
Serum transaminase levels give a reliable indication of liver damage (Dixon er al..

1975) Setmn glutamate pyruvate transaminase. which is also known as alanine amino
tmnsferase (ALT) is a specific liver marker enzyme (Bose e,.al 2007) ̂ d when 4em is
damage to flte liver cells, the ceU integrity will be lost and mcmased levels of these

, 1 j A x/orv hieh ALT level is seen in paracetamolenzymes were released in to blood. A very hign
poisoning cases.

A  nf ALT was observed in the paracetamol

treated rats than the the doses reduced the increased level of the
hepatotoxicity. The ethano ic significant difference in the enzyme
enzyme and it was dose ep g^^mals and silymarin treated animals. These results
levels noticed between the norm an^

1  *i"Ti fTi0 results jfcan be compared wi QfEupatorium ayapana in CCI4 induced toxicity
antioxidant and hepatoprotective significant hepatoprotection.
and found that at the dose of200 mg/Kg 1

5.4.2 Aspartatenmlnotransferase (AST)
C enzyme. An elevated level of SGOT is always noted

This is also a liver ^ ̂-t^ ^i the conversion of aminoalong wifi. increased level of so .
acids to ketoaeids(SallieeM(.,l

.  . damage, cardiac infarction and muscle injury.jp a^T indicate liver
High Idvels or present study it was demonstrated that Eugenia

(Mc.Gregor et at.. 2"®'' " ̂ 200 mgflCg eaused significant decrease
jambolana ethanolie extract ̂  lesults were similar as that of

X  act in a dose oep
of ALT and AST
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Moresoo et al. (2007), and they r^orted that at the dose of 0.9g/Kg aqueous extract of
Syzygium cumini leaves for seven days, significantly decreased the SCOT and SGPT
activities in the pretreated groups. They also, opined that the scavenging of free radicals
by the ̂ gium cumini may be playing an important role in providing the protection
against the hepatotoxicity induced by CCi4.

5.4.3 Total protein
,  • • tViP fimctions of the liver. When the liver is damaged aProtein synthesis is one of the run

reduction in protein synthesis will he noticed. A reduction in tomi serum protein and Uver
giycogen were obse^ed in the paracetamol treated group which may be associated with

47 u^cifncvtes which in turn may result into decreased hepaticthe decrease in the number of hepatocyte

. • onH dvcoeen. Consequently a decrease m liver weight maycapacity to synthesize protem and g y g j u • i-

rn . . 1 O0061. Hypoproteinaemia is common m advanced Chrome hveroccur ( up e ted rats have the least total protein level. In the extract
diseases. Here the paracetam to the other groups. Methanolic extract of
treated groups the level is of 25mg/Kg/day for 14 days orally restored the
Pterocarpus marsupium at . marker enzymes in hepatotoxicity induced by
levels of serum protein, biliru fhe ethanolic extract of Eugenia jambolana
carbontetrachloride (Mankani eta.,hasno. much significant offec.onti.omm.pro.en.ievci.

5.4.4 Serum albumin

of synthetic function of the liver and is a valuable
Serum albumin is a disease- It is the major component in the total

guide to asses the seventy^ ^jecreased in the paracetamol alone treated groups,
protein. Albumin was sigm extract treated groups was lesser than the former
while the decrease observed findings of Shenoy et al. (2002). They
group. This observation can produced liver damage in rats as indicated
reported that paracetamol albumin. Rats treated with the extract have
by a significant reduction o albumin in serum when compared with the

increased levels of total protein indicated its hepatoprotective activity.
,  treated group,paracetamol alone
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Stimulation of protein synthesis has been advanced as a contributory, mechanism, which

accelerates the regeneration and production of liver cells (Antony et al., 2006).

5.4.5 Serum total bilirubin

Bilirubin is an yellow pigment produced by enzymatic degradation of haeme.
Serum bilirubin levels are related to the function of hepatie eeU. The clinieal signs of
icterus or jaundice develops when the yellow pigment bilimbin accumulate in plasma and
other tissues. BUimbin in serum can be assessed by the Vanden Bergh or diaao reaction,
in which bUirubin is coupled with dlazotized sulfanilic acid. Prolonged destmction of
hepatic ceUs msults in mom hepatic releases to exacerbate hepatic dysfunction and causes

•  ... uM- uir. AT P and LDH (Bose et al., 2007). The rise in the
an elevation m the serum biluubm, AL/r an" v

levels of serum bilimbin confhms the hepatotoxicity which is induced by the
paracetamol. Gupta er al. (2006) also r^rted that paracetamol at the dose of

„  . , j ;„^rpased the level of serum ALT, AST, ALP and
200mg/Kg orally as a smgle dose mcreasea

^  ,. , , in the paracetamol alone treated group. Results
bilirubin. The highest value was noticed muicy

^ .,0 rtf Rov et al. (2006). They rqiorted an increase
were in agreement with the observations ot K y

,. , S t. was administered at the dose of Ig/Kg in three
in bilirubm level when paracetamol was

the oaracetamol treated group did not differdivided doses. All the other groups except the parac .s. v

signifieantly (P<0.05). The bilimbin value is mstored in animals heated wtth the exhact
at both the doses. So it can be infemed that it has hepatoprotechve effect

5.5 HAEMATOLOGICAL PARAMETERS

fi hfiemoelobin concentration, total leukocyte countHaematological parameters i studied before and after the treatment.
(TLQ and differential leukocyte count ^ .iifferential leukocyte
In the case of hemoglobin eoncentration, total leuko ju
count, no change noticed before and after the treatm
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5.6 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 groups showed almost normal appearance and colour. Liver of the
paracetamol alone treated rats showed diffuse coagulation necrosis (Fig.lO). Hewawasam
et al (2003) observed that the liver of the paracetamol intoxicated mice appeared dark
and congested. Bhanwra et al. (2000) reported that liver of most of the paracetamol
treated rats were covered with white slough and muitiple white patches indicating
necrosis.

On histopathological examination the control group showed portal triad, rows of
hepatocytes and normal arrangements of hepatocytes. The paracetamol treated group
showed only a few areas of normal hepatocytes and extensive areas of coagulation
ecrosis The liver showed confluent necrosis with vacoulation and ballooning

degeneration in the surviving hepatocytes after treatment with paracetamol according to
nl (2003) Paracetamol at the dose of 2.5g/Kg orally produced markedHewawasam et ai.

^f»ntral venous dilatation and the surrounding sinusoids were disrupted andcongestion, cenix<u > . r.

ked with red blood cells after 48 hours of administration. Frank necrosis of liver
^ ench a was also noticed by Dixon et al (1971). It was reported that the earliest
HTLTchangc is chromatolysis (loss of basophilic granules) in the centrilobular cells.

005) reported that the paracetamol at the dose rate of 3g«g for three days
I • centrilobular coagulative necrosis of the liver. These results were comparable.

b- ding of the oxidation products of the paracetamol, to the sulfhydrylThe covalent m damage and thereby necrosis of the Uver
groups of the protem
(Mathew, 2005).

mg/Kg extract treated group liver showed only diffuse necrotic areasInthelOOmg/ hepatocytes in the surrounding areas were
Involving only ^ells could be seen in the necrotic area and the Kupffer
hypertrophic. A few m ^ 200mg/Kg extract treated group necrosis involving
cell reactions were proni
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only a few hepatocytes in certain lobules was noticed. The hepatocytes seen around such

lesions were hypertrophic and some of the hepatocytes have hyperchromatic nuclei.
There are indications of regeneration of the tissues indicating the positive effects of the

extract on the liver parenchyma. It has been seen that the pretreatment with the extract

reduced the damage which was induced by the paracetamol proving its hqjatoprotective

effect. It may be due to the free radical scavenging effect of the phenolic components,

flavonoids and tannins present in the leaf extract. Moresco et al (2007) opined that the

scavenging of free radicals by the Syzygium cumini may be'playing an important role in

providing the protection against the hepatotoxicity. Azadirachta indica aqueous leaf

extract itself could act as a 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 according to Chattopadhyay (2003).

The results of the present study revealed that the ethanolic extract of leaves of

Eugenia jambolana has hepatoprotective activity in paracetamol induced hepatotoxicity

in rats.





6. SUMMARY

The present study was undertaken to evaluate the hepatoprotective effect of

ethanolic extract of Eugenia jambolana (Njaval) leaves on paracetamol induced

hepatotoxicity in rats.

Fourty 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 n animals
were administered with 3 percent gum acacia suspension in distUled water at the dose rate

of 5ml/Kg/ day for ten days. Groups III and IV, animals received ethanolic extract of
Eugenia jambolana leaves at the dose of 100 and 200 mg/Kg/ day in 3% gum acacia for
ten days. Group V animals received standard hepatoprotective drug silymarin at the dose
of 100 mg/ Kg/day in 3% gum acacia for ten days. All the groups except the group I,
received paracetamol orally on the eighth day at the dose rate of 2g/Kg.

Blood was collected from all the groups prior to the experiment and fourty eight

hours after the paracetamol administration for haematological examination and serum
was separated for biochemical studies. All the animals were sacrificed on the lO"* day and
liver was taken estimation of superoxide dismutase and catalase and for histopathological
examination. Body weight was recorded on day 0 and lO"' day. Serum was used for the
estimation of ALT, AST, total protein, albumin and bilirubin.

Phytochemical analysis of the plant extract revealed the presence of phenolic
compounds flavanoids, tannins, glycosides, diterpenes and triterpenes.

p acetamol administered group showed a decrease in body weight while all
increase in body weight except the lOOmg/Kg Eugenia Jambolana

others showed an mcreascextract animal, which showed no change.

•  tiar. levels of SOD and catalase were noticed in the paracetamol
A decrease m mc

Administration of ethanolic extract of Eugenia jambolana at both the
^one treated ra • increase in the level of these antioxidant enzymes
doses brought about a sigmn



79

which proved its ability to reduce the oxidative stress and liver damage. But it was dose-

dependent and the higher dose (200mg/Kg) is found more effective.

Liver marker enzymes like ALT, AST levels can be used for the assessment of the

intensity of hepatotoxicity. Both these enzymes were highest in paracetamol treated

groups. The elevated levels of these enzymes were decreased by the herbal extract in a

dose dependent manner and thereby proved their hepatoprotective activity.

A reduction in the total protein was observed in the paracetamol treated group.

The herbal extract at both the doses maintained the total protein level like the normal

animals. The level decreased in the paracetamol alone treated group was associated with

the decrease in the number of hepatocytes, thereby decreased 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 asses the severity of chronic
diseases The extract at both the doses increased the serum albumin level in a dose
d^endent manner.

Serum bilirubin level was also highest in the paracetamol treated group because of

the liver damage caused by the paracetamol. The extract at the dose of 100 and 200
mg/Kg level decreased the elevated level of bilirubin.

The study of haematological parameters like haemoglobin concentration, total
tit and differential leukocyte count revealed that they were not muchleukocyte couni au

affected with the extract treatment.

itieitinn of the liver showed normal appearance in all the four groups
Gross examina""" "

etamol treated group. In the paracetamol treated animals the liver showedexcept the parac jg and congestion. On histological examination the
areas of coagulative ^ ̂

showed extensive areas of coagulation necrosis. The Eugeniaparacetam ^ animals showed diffuse necrotic areas in certain lobules and
jambplana e ^ regeneration. Silymarin treated animals have almost
hypertrophy group, except some mild foci of necrosis,
normal liver architec
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In the present study, the ethanolic extract of Eugenia jambolana leaves showed a
significant hepatoprotective action in a dose dependent manner by increasing antioxidant
enzymes like SOD and catalase. It decreased the toxic effects of paracetamol in the Uver
by the scavenging of free radicals and thereby reduced the oxidative stress and found that
the higher dose is found more effective. Phytochemical potent antioxidant constituents
viz. phenolic compounds, flavanoids and tannins present in the leaves may be responsible
for the hepatoprotective effect.

F  the present study it can be concluded that the ethanolic extract of Eugenia
■  heoatoprotective activity in a dose dependent manner injambolana has significant hepaiopru

paracetamol induced hepatotoxicity. ^





REFERENCES

Abrol, S., Trehan, A. and Katare, O.P. 2005. Comparative study of different silymarin
fonnulations- Formulation, characterization and in-vitro/in-vivo evaluation. Current
drug delivery. 2: 45-51 ^

Agrawal S.S., Garg, A. and Agrawal. S. 1986. Screening of Phyllanthus niruri Linn, and
manus communis Linn, on alcohol induced liver cell damage in non heptectomizedand partiaUyhepatectomized rate. Men/.i'l-urmuco/. 14:211-214

Ahmad, A.. Pillai. K. K.. Ahmed. S. L, Balani, DX. Najmi. A.K., Manvah, R. and Hameed,
A 1999 Evaluation of the hepatoprotective potential of Jrgnne pmtreatment on
dnoacetamide induced Uver damage in rate. Indian J. PHannaool. 31: 416-421

r A K, Qaw, F. S. and Cader, C. A. 1997. Cimetidine enhancesAl- Mustafa, Z. H., Al » cysteine in mice treated with toxic doses of
the hepatoprotective action of N ac ly y
paracetamol. Toxicology- 121-2

km. and Sen, P. 1999. Pharmacology of rosemaryAl-Sereiti, M.R., Abu- Am . therapeutic potentials. Indian J. Exp. Biol. 37:
(Rosemarinus officinalis i-

124-130

•  B., Sheeba, V. and Mukkadan, J. 2006. Hepatoprotective
Antony, B., Kumari, G.S., Menna, , tetrachloride induced liver injury in rats,

effect of Cemella asiatica (LO »
Indian J. Pharm. Sci. 12: 772

„  .-.Uinary studies on the hepatoprotective activity
Asha, y.V. 2001. Indian J. PHamumoL n: 216-219

subangulata and N

of Marmodica



82

Bai, X., Qiu, A., Guan, J. and Shi, Z. 2007. Antioxidant and protective effect of an oleanolic

acid- enriched extract of Actinidias deliciosa root on carbon tetrachloride induced rat

liver injury. Asio. Pcik. J. Clin. Nutn. 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

Baneriee, A.. Gupta, D.N. and De, B. 2005. In- vitro study of antioxidant activity of
Syzygium cumini fhiit Food Chem. 90.727-733

Bansal, R., Ahmad. N, and Kidwai. J.R. 1981. Effects of oral administration ot Eugenia
jambolana seeds and chlompropamide on blood glucose level and pancreatic
cathepsin B in rat. Indian J. Siochem. Biopky. 18: 377

Bark L S and Higson RG. 1963. A review of the methods available for the detection and
' detennination of small amounts of cyanide. Analyst. 88:751-760

,  i„ p 9000 Effect of Azadirachta indica (Neem) leaf extractBhanwra, S., Singh, J. and Khosla, P. 2uu" r ov ■ , ou tAA.Asnv
n . A A tiver damage in rats. Indian J. Physiol Pharmacol. 44: 64-68on paracetamol mduced live

.. ./• Vpterinary Clinical Pathology. Third edition. KalyaniBenjamin, M. M.1985. Outline f
publishers. New Delhi, p. 310

. M Balamurugan, V., Singh, R. K. and Swamp, D. 2007. In-Bhanuprakash, V., Hosamam, ' jambolana plant extract on buffalo pox vims:
vitro antiviral activity of Eugenta j

,  .4 VCR methods. Int. J. Trop. Med. 2. 3-9Qonventional and q P^K



83

Bose, P., Gupta, M., Mazumder, U. K., Kumar, R.S., Kumar, T. S. and Kumar, R, S. 2007.

Hepatoprotective and antioxidant effects of Eupatorium ayapana against carbon

tetrachloride induced toxicity in rats. Iranian J. Pharmacol Therap. 6 : 27-33

Brito, F.A., Lima, L.A., Ramos, M.F.S., Nakamura, M.J., Machado, S.C.C., Siani, AC.,
Heriques, M.G.M.0 and Sampaio, A.L.F.2007. Pharmacological study of anti

allergic activity of Syzygium cumini (L) skeels. Bpaz. J. Med. BioLRes. 40: 105-115

Chattopadhyay. R.R., Saikar, S.K., Ganguly, S., Banerjee. R.N., Basu, T.K. and Mukerjee,
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-. Saricar. 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: part II. J. Ethnopharmacol 89:217-219

J- A Kumar M.M., Bhawani, G., Chaturvedi, H., Kumar, M. and Goel, R.K.Chaturvedi, A., jvuuxai, . , .

2007 Effect of ethanolic extract of Eugenia jambolana seeds on gastnc ulceratjon
and secretion in Pharmacol. SV. 131-140

.  Marcus, J. 1970. Measurement of catalase activity in tissue
Cohen, G., Demb.ec, D. and Mor,troct,.Analyt.Biochem.id.iO-ii

and Snodgrass, P.J. 1971. Serum enzymes derived from liver cell♦Curtis, S.J., Monte, intoxication in rats. Gastroenterology.62'. 84-92
fraction and the respo



84

Dash, D.K., Yeligar, V.C., Nayak, S.S., Ghosh, T., Rajalingam, D., Gupta, P. S., Maiti, B.

C. and Maity, T.K. -2007. Evaluation of hepatoprotective and antioxidant activity of

Ichnocarpus frutescens (Linn.) R. Br. on paracetamol induced hepatotoxicity in rats.

Trop. J. Pharm. Res. 6 : 755-765

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.B., 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. 1971. Experimental paracetamol induced hepatic
necrosis: A histopathological study. J. Pathol. 103:225-228

Doumas BT 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

S and Das S 2006. Study of hepatoprotective activity of ethanolic extract of pulp^^'otmenia j'ambolam (Jamim) in albino rats, (Abstract). In: Abstracts. 39" Annuai
f fhf- Indian Pharmacological Society. 21-23, December, 2006, Jaipur.Conference or me iuuiou

Indian Phatmacological Society. S69. Abstract No. HIM 26

X. J rM r J and David, M.M. 1949. Determination of serum protein by
Gomall, A.G., Bardawill, L.J. an

„eans of thebiuiet reagent /. Biol. Chem. 77:751



85

Grover, J. K., Vats, V. and Rathi, S.S. 2000. Anti-hyperglycemic effect of Eugenia
jambolana and Tinospora cordifolia in experimental diabetes and their effects on key
metabolic enzymes involved in carbohydrate metabolism. 1 Ethnopharmacol 73:

461-470

Gujrati, v., Patel, N., Rao, V.N., Kumar, N. K, Gouda, T.S., Shalam, M. and Kumar, S.M.S.
2007. Hepatoprotective activity of alcoholic and aqdOous extracts of leaves of
Tylophora indica (Linn.) in rats. Indian J. Pharmacol. 39 :43-47 ;

I

Gulati, R., Agarwal, 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, A K 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 G S and Sharma, D.P. 1974. Triterpenoid and other constituents of Eugenia
^  'Jambolana lee.ves.Phyiochem.n:20l3-20H

J  TT K Kumar, T.S., Gomathi, P. and Kumar, R.S. 2004. Antioxidant
Gupta, M., Mazumdar, U. ♦ u + + ui
^  t of Bauhinia racemosa agamst carbon tetrachlonde

and hepatoprotective eireci
jrvrats Iranian J.Pharmacol Therap. 3: 12-20

induced liver damage m rats. Iranian

M Chavkova, Z., Tomeckova, V., Mojzisova, G. and
on pamcetamo. - induced .t liver mitochondria

»  dysfunctioh. Biologia.Bratislava. 59: 399 403



86

Harbome, J.B. 1991. Phytochemical methods- Guide to modem techniques of plant analysis.

Second edition, Chapman and Hall, India, p.653

Hewawasam, R.P., Jayatilaka, K.A., Pathirana, P.W. and Mudduva, L.K.B. 2003. Protective

effect of Asteracantha longifolia extract in mouse liver injury induced by CCI4 and

paracetamol. J.Pharm. Pharmacol. 55: 1413-1418

Hewawasam, R.P., Jayatilaka, K.A., Pathirana, P.W. and Mudduva, L.K.B. 2004.

Hepatoprotective effect of Epaltes divaricata extract on carbon tetrachloride induced
hepatotoxicity in mice. Indian J. Med. Res. 120: 30-34

♦Householder, G. T., Daollahite, M. W. and Hulse, R. 1966. Diphenylamine for diagnosis of
nitrate intoxication. J. Am. Vet. Med. Assoc. 48: 662-665

Indrayan, A.K., Sharma, S., Durgapal, D., Kumar, N. and Kumar, M. 2005. Determination of
nutritive value and analysis of mineral elements for some medicinally valued plants
from Uttaranchal. Curr. Sci. 89: 1252-1255

Iwalokun B. A., Efedede, B.U., Sofunde, J.A.A., Oduala, T., Magbagbeola, O.A. and
Aldnwande, A.I. 2006. Hepatoprotective and antioxidant activities of Vemonia
amygdcilin^t on acetaminophen induced hepatic damage in mice. J. Med. Food. 9:
524-530

.. 11, ; x/f T Javed, K. and Singh, S. 1999. Hepatoprotective activity of theJafri M. A., Subham, M. J-,
^  in nccidentalis against paracetamol and ethyl alcohol intoxication inleaves of Ccissia oJ.Elhnophamdcol. 66: 355-^61



87

Jagetia, G.C. and Balinga, M.S. 2002. Syzygium cumini (jamun) reduces the radiation-

induced DNA damage in the cultured human peripheral blood lymphocytes: A

preliminary study. Toxicol. Letters. 132: 19-25

Jain, A., Singhai, A. K. and Dixit, V.K. 2006. A comparative study of ethanol extract of

leaves of Tephrosia Purpurea pers and the flavanoids isolated for hepatoprotective

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

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

Jasmine R and Daisy, P. 2007. Hypoglycemic and hepatoprotective activity of Eugenia
jambolana in streptozotocin - diabetic rats. Int. J. Biol. Chem. 1: 117-121

Jasmine, R. and Daisy, P. 2007. Hypoglycemic and hypolipidemic activity of Eugenia
jambolana in streptozotocin - diabetic rats. Asian J. Biochem. 2: 269-273

r. onH naisv P. and Kumar, B.N.B. 2007. In-vitro efficiency of flavanoids from
Jasmine, R- anu /j

Eugenia jambolana seeds against ESpL- producing multidrug resistant enteric
baLia. Res. J- MIcecbiol. 2:369-374

, u P V and Rathinam, K. 1997. Hepatoprotective activity of ethyl
Jayasekhar, P-» Mohan » • r t du i oo-doti d^fi

4. dracia catechu. Indian J. Pharmacol. 29. 426-428acetate extract of Acacia c

, Katyare S S 1999. Paracetamol hepatotoxicity and microsomal
Kaushal, R.. Dave, K.R- and > ■
' function. Envior. Toxwol. .



88

Kumar, A,, Padmanabhan, N. and Krishnan, M.R. V. 2007. Central nervous system activity of

Syzygium cumini seeds. Pak, J. Nutri. 6: 698-700

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 92:37-40

Kumar, S.V.S. and Mishra, S. H. 2007. Hepatoprotective activity of Pergularia daemia

Forsk against carbon tetrachloride induced toxicity in rats. Phcog. Mag. 3: 187-191

Kumar, S.V.S., Sujatha, €., 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,6Z\ 32-35

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

Lowiy, O.H., Rosebmugh, N.J., Fair. AX. and RandaU. RJ. 1951. Protein meaaurement with
Folin phenol reagent. J. Biol. Chem. 193. 265 275

.  rr A>r ^ D P Cr M 2005. Antihepatotoxic effect of grape seed oil in rat.Maheswan, U. M. and Rao, P.G. m.

Indian J. Pharmacol. 37: 179-182

.  it.r FA El-Gindi, M.R. and Hassan, A.M.K.Mahmoud, I.I., Manrouk, M.S.A.. Mohatram, F.A, .
, 1 from Eugenia jambolana leaves. Phytochem. 58:2001. Acylated flavanol glycosides

1239-1244



89

Makin, A. and Williams, R. 1993. Paracetamol hepatotoxicity and alcohol consumption in

deliberate and accidental over dose. Q. J Med. 93: 341-349

Mallick, C., Maiti, R.and Ghosh, D. 2006. Comparative study on Antihyperglycemic and
antihyperlipidemic effects of separate and composite extract of seed of Eugenia

jambolana and Musa paradisiaca in Streptozotocin- induced diabetic male albino
rats. Iranian J. Pharmacol. Therap. 5: 21-2)3

Mallick, C.. Mandal, S., Barik. B., Bhattacharya, A. and Ghosh, D. 2007. Protection of
testilular dysfunctions by MTEC, a formulated herbal drug in Streptozotocin-
induced diabetic rats. Siol. Pharm. Bull. 30: 84-90

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

Mankani K.L., Krishna, V., Manjunatha, S.M., Vidya, S.D., singh, J., Manohara, Y.N.,
Iflheman A and Avinash, K.R. 2005. Evaluation of hepatoprotective activity of
stem barkoffrerocmpurmursupmin Roxb. Indian J. Pharmacol. 37: 165-168

♦zaotJvp effect of Aegle marmelos (Indian Bael) and AzadirachtaMathew, A. 2005. Hepatopro p^cetamol induced toxicity in rats. M.V.Sc
indica (Neem) aqueous leaf extra f
thesis, Kerala Agricultural University, Mannuthy. p.7

ra. ran K T and Haitison, D.J. 2003. Liver death andMc. G.gor, A.H., More, ^...icol.^.ni^
regeneration in paracetamo



90

Minami, M. and Yoshikawa, H. 1979. A simplified assay method of superoxide dismutase
activity for clinical use. Clin. Chim. Acta. 92: 337-342

Mir, A.J., Kumar, B., Tasdug, S.A., Gupta, D.K., Bharadwaj, S. and Johri, R.K. 2007.
Reversal of hepatotoxin- induced prefibrogenic events by Emb/ica officinalis- A
histological study. Indian J. Exp. Biol. 45: 626-629

Mogre, K., Vora, K.K. and Sheth, U. K. 1980. Effect ol Picrorrhlza kurroa mAEclipta alba
on Na'" K* ATPase in hepatic injmy by hepatotoxie agents. Indian J. Pharmacol. 13:
253-259

Mohamed. A. F., Hasan, A.aA, Hamanty, M. I. and Sattar, E A. 2005. Antioxtdant and
hepatoprotective effects ot Eucalyptus maculata. Med. Sci. Monit. 11: 426A31

Mohan O.K., Fallavi, E., Ravikumar. B., Ramesh, M. and Venkatesh, S. 2007.
Hepatopif-tective activity of Ficus carica Linn, leaf extract against caibon
tetrachloride induced hepatotoxieity in rats. HARC/. 15 :162-166

n  LE and Al-Swayeh. O.A. 2001. A comparison of the effect of'°°":::a;io"andparacetamo.on,iverht,ury.RA.h.^

D L Bemaidi, AS., Caroso, R.F. and Gomes, P. 2007. Effect of
More«x., R.N., Sperotto, ■ . mtrachloride induced toxieity in

the aqueous extract of

rats. Phytother. Res. 21: 793-795

1993 Hepatoprotective effect of Tephrosia purpurea inMurthy, M.S.R. and Siinivasan, M. 199 •
experimental animals. Indian J. Fharmaco



91

Muniganandan. S., Pant, S., Srinivasan, K., Chandra, S., Tandan, S.K., Lai, J. and Prakash,
V R 2002 Inhibitory role of Syzygiuin cuinini on autacoid induced inflaniniation in
rats. Indian. J. Physio!. Pharmacol. 46:482-486

Mnrugesh, K.S., Yeligar. V.C., Malty, B. C. and Malty, T.K. 2005. Hepatoprotectlve and
antloxldant role otBerberis tinctoria Lesch leaves on paracetamol Induced hepatic
damage in rats. Iranian J. Pharmacol. Therap. 4: 64-69...

Natu, M. v., Agarwal, S. and Agarwal, S.L. 1977. Protective effect ot Ricinas communis
leaves In experimental liver injury. Indian J. Pharmacol. 9:265-268

N omrio M H and Dahot, M.U. 1996. Nutritive value of Eugenia jambosa fruit. Journal of
Islamic Academy ofSciences. 9 : 9-12

Ojo O O., Nadro, M. S. and Telia, 1.0.2006. Protection of rats by extracts of some common
Nigerian trees against acetaminophen induced hepatotoxicity. Afncan J. Biotech. 5:
755-760 '

M T Adegboye, O. O. and Akindahunsi, A. A. 2006. Alchomea cordifolia extract
protect^ wlstar albino rats against acetaminophen induced liver damage. African J.
Biotech. 5: 2439-2445

Air Filho, A.A.D.S., Martins, C.H.G., Bastos, J.K., Cunha,Ohveua, G.F., Furtado, N. . . - Antimicrobial activity of Syzygium cumini
W.R. and Sllva, M.L.D.A. 2tm .

^ f Ryaz J. Microbiol. 38. 381-3«4(Myrtaceae) leaves extract. Braz.

TT 4rv«rntective and antioxidant properties of extractoy^lde, O. O. and Olushola, L. 2005. Hepa op^b ̂
of Carmelia sinensis (black tea) m rats. /



92

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

Pepato, M.T., Folgado, V.B.B., Kettelhut, I.C. and Brunetti, I.L. 2001. Lack of antidiabetic
effect of a Eugenia jambolana leaf decoction on rat Streptozotocin diabetes. Braz.
J.Med. Biol. Res. 34: 389-395

Pepato, M.T.. Mori, D.M., Baviera, A.M., Harani, J.B., Vendramins, R.C. and Brunetti, I.L.
2005 Fruit of the jambolan tree (Eugenia jambolana Lam.) and experimental
diabetes. J. Ethnopharmacol. 96: 43^48

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.
Indian J. Pharm. Sci. 69: 827-831

P adhan S C and Girish, C. 2006. Hepatoprotective herbal drug, Silymarin from
^Experimental pharmacology to clinical medicine. Indian J. Med Res. 124:491-504

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

rs. Lakshmanan, S., Nair, A.G.R., Veliath, A.J. andRajasekharan, M., Bjna of oleanolic acid, a triterpene
Panchanadam, M. 1988. An 70/1. 11^: 191

from Eugeniajambolana flowers. / ElhnopHarmacol. 24. 115-121

Rao; K.S. and Mishra, S.H. ,997. Anti-inflammatory^d^Kepatoprotective activities of 5hfn
•  rhombifolia Linn. Indian J. Pharmacol 29:110-



93

Ravi, K., Ramachandran, B. and Subramanian, S. 2004. Effect of Eugenia jambolana seed
kernel on antioxidant defense system in Streptozotocin- induced diabetes m rats. Life
Sci. 75: 2717-2731

Ravi, K., Ramachandran, B. and Subramanian, S. 2004. Protective effect of Eugenia
' jambolana seed kernel on tissue antioxidants in Streptozotocin- induced diabetic rats.

Biol. Pharm. Bull. 27:1212-1217

o  AntihvDerlipidemic effect of. Eugenia
Ravi K., Rajasekharan,S. and Subramaman, S. 2005.An yp P „ j /-i.Kavi, 1^, ^

jambolana seed kernel on Streptozotocm-
Toxmo/. 43: 1433-1439

•  method for determination of serum
rneitman, S. and Frankel, S. 1957. A — p^,ol. 28: 56-

glutamic oxaloacetic and glutamic pj^ruvic

63

„ n le M.J. and Kennelly. E. J. 2008. QuantitativeReynertson, K.A., Yang, H., Jiang, B., asi , fourteen edible -Myrtaceae Suits,
analysis of antiradical phenolic constituents om
FoodChem. 109: 883-890

.  rotective activity of
Roy, C.K., Kamath, J. V. and Asad. M. 2006. Hepatop^

Linn, leaf extract. Indian J. Exp. Bid. 44: 305-
t of jaman fruit extract on serum glucose

Safdar, M., Khan, A. and Habibullah. 2006. Eff ^ 573-576andlipidprofileintype2diabeticindividuals.i'a

006 pharmacological potential of Eugenia
Sagrawat, H., Mgnn. A.S. and Khan^

jambolana: A review. Phcog. Uag.



94

Sahu, N. and Das, S. 2006. Hepatoprotective activity of Eugenia jambolana bark on albino

rats. (Abstract). In: Abstracts, 39^ Annual Conference of the Indian Pharmacological
Society. 21-23, December, 2006, Jaipur. Indian Pharmacological Society. S69.
Abstract No. HIM 54

»SalUe, R.. Tredger, J.M. and WUliam. 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 hepatotoricity in rats. Indian J.
Pharmacol 28: 232-239

Saraswathy, S.D., Suja, V., Gurumurthy, P. and Shyamaladevi, C.S. 1998. Effect of Liv. 100
against antitubercular drugs (Isoniazid, rifampicin and pyrazinamide) induced
hepatotoxicity in rats. Indian J, Pharmacol 30: 233-238

Sengottuvelu, S., Duraisamy, R., Nandakumar, J. and Sivakumar, T. 2007. Hepatoprotective
activity of Cleome viscosa against carbon tetrachlonde mduced hepatotoxicity m rats.
Phcog. Mag. 3: 120-123

Shanna, S.B.. Nasir, A.. Prahhu, ICM.. Murthy, P.S. and Dev, G. 2003. Hy^glycetmc and
hypolipidemic effect of ethanoUc exhuct of seeds of Eugenia Jandn,Bsna m aUoxan
induced diabetic rabbits. J, Ethnopharmacol 85. 201 20

. T, r, onng Effects of flavanoid rich extract
Shanna, B., Viswanath, G., Salunke, R. and Roy, P. 200».J>ndiiud, , urxhvHrate and lipid metabolism m

from seeds of Eugenia jambolana (L.) on carbo y
diabetic mice. Food Chem. 110: 697-705



95

Sheehan, D.C. and Hrapchak, B.B.I980. 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 injiuy in rats. Indian J
Pharmacol. 33:260-266

Shenoy, ICA., Somayagi, S.N. and Bairy, ICL. 2002. EvaluaUon of hepatoproteetive activityotGinkgobilobamtals.Indian J.Pbyaiol. Pharmacol. A6-. 167-174

n 1 * A / T4 c ^^flvatheiro A. and Gamboa, I.C. 2006.
DHS Plaza, C.V., Bolzam, V.D.S, Cavatneiro, a. ua^lidantslnr Wts and leaves of
from Atlantic forest. Planta Medica. 72: 87

T  rmota. D K Atal, C.K and Arya, R.K. 1984. Protective effect of

Pharmacol. 32: 139-142

w G 1985 Statisiical Meihods. Eighth edition. Oxford andSnedeeor, G.W. and Cochmn, W.G. 1985. ,

IBH Publishing Company, Cuicutta, p

.  M R Noratunlina, R. and Ahmad, Z. 2002. HepatoproteetiveSomchit, M. N., Sulaiman, M. Jv., paracetamol induced liver damage m rats,
effects of Curcuma longa rhizomes .^a„, and Natural Resources. 10-
Proeeedings of the Regional Malaysia: 698-702
11 April 2002. Hotel Renaissance,



96

Sridhar, S.B., Sheetal. U.D., Pai, M.R.S.M. and Shastri. M.S. 2005. Predinical evaluation of
the antidiabetic effect of Eugenia Jambolana seed powder m Streptozotocm- diabetic
rats. Braz. J. Med. Biol Res. 38: 463-468

Subramoniam. A. and Pusbpangadan. P. 1999. Development of pbytomedicines for liver
diseases. Indian J. Pharmacol. 31: 166-175 •

u , v R 9007 Antioxidant activity of phenolic componentsSultana, B., Anwar, F. and Przybylski. R. 2 .
present in barks of A^aeUracHia inEica. TemnnaUa ar^. AcacEugeniaJaManal.^<^^-Food Chen,. 104:1106-1114

a V, .r. S.K. 2007. Antioxidant activity of etiiyl acetate soluble fiaction ofSundarani, R. ̂nd Mitra, • a'i
arahica bark in rats. InAian J. Pham^col. 39. 33-38

a- s Aggrawal, S.S. and Ahmed, N. 2005. Hepatoprotective
"" "■ '■

mice. M-Practisioner. 12: 211-212
• M Sonzogni, O. and Ravarottot, L. 2004.Tedesco, D., Steidler. S.. Galletti. J" ^.i^^^ingtbetoxicityofAflamxinB,Efficacy of sUymarin-phospbobpiite implex

i„btoilercbicks./'o<''.»83:183 -

„ anoo A Monacbe, F.D. and Pizzolatti, M.G. 2002. Anew« A.fC, S.0^0. „ln. 73:174-176
flavanol from leaves oiEug

u .ithv liver. Clinical Nutrition,. i-_rbal approach to a healthy
Treadway, S. 1998. An ayurvedic her

Insights.\6: 1-3



97

Trivedi, N. and Rawal, U.M. 2000. Hepatoprotective and toxicological evaluation of

Andrographispaniculata on severe liver damage. Indian J. Pharmacol. 32: 288-293

Udupa, v., Kulkami, K.S., Rafiq, Md., Gopumadhavan, S., Venkataranganna, M. V. and
Mitra, S.K. 2000. Effect of HD-03 on levels of various enzymes in paracetamol

induced liver damage in rats. Indian J. Pharmacol. 32: 361-364

Veigas, J.M., Narayan, M.S., Laxman, P.M. and Neelwame, B. 2007. Chemical nature,
stability and bioefficiencies of anthocyanins from fruit peel of Syzygium cumini
skeels. Food Chem. 105: 619-627

Visen P K S S^wat. B., Pataaik. G-fC. Srtaal, R.C., Tripathi, R.P. and Bhakuni, D.S.
' 1993. 3.Cyano.4-methyl-5-vmyl pyiidina: A potent synthetio hq.aloprotective agent.

Indian J. Pharmacol 25: 149-153

Yonamine, M., Aniya. Y., Yokomakura, T.. Koyama, T., Nagamine, T. and Nakanishi, H.
1996. Acetaminophen derived activation of liver microaomal glntathione- S-
transferaaeofiats.Yp». J. Pharmacol. n-MS-m

* Originals not consulted



EVALUATION OF HEPATOPROTECTIVE EFFECT
OF ETHANOLIC EXTRACT OF Eugenia jambolana

(NJAVAL) LEAVES ON PARACETAMOL
INDUCED TOXICITY IN RATS

midhun. m. v.

Abstract of the thesis suhmitted in partial fulfilment of the
requirement for the degree of

Master of Veterinary Science

Faculty of Veterinary and Animal Sciences
Kerala Agricultural University, Thrissur

2008

Department of Pharmacol gy ^ SCIENCES
COLLEGE OF VETERINARY AND AN

MANNUTHY, THRISSUR-'i80651
KERALA, INDIA



ABSTRACT

The present study is undertaken to evaluate the hepatoprotective effect of Eugenia

jambolana (Njaval) leaves on paracetamol induced toxicity in rats.

Foiuty adult male albino wistar rats weighing 150-200 g were randomly divided
into five groups of eight animals each. Group I received 5 ml/Kg/day of 3 ̂  gum acacia
(vehicle) orally daily for ten days. Groups HI and IV received ethanolic extract of
Eugenia jambolana leaves at the dose rate of 100 and 200 ing/Kg/day respectively in 3 ̂
gum acacia for ten days. Gmup V mceived sUymarin 100 mg«g/day in 3% gum acacia
for ten days. Hepatotoxicity was induced in gtoups n. Ill, IV and V by giving a single
dose ofpatacetamol at the d<»e of 2gfKg on the eighth day of the experiment. Blood was
collected before and after the experiment for various hrochemrcal and haematological

o a „j,h,ofalltheanimalswasrecordedonthefitstdayandlastday.Onparameters. Body weight ot n * j ̂ u- t, • i j

L tenth day all the animals wem sacrificed and fiver was collected for hrochemrcal and
histopathological studies.

Paracetamol treated rats showed a decrease in their body weight. Biochemical
eters like superoxide dismutase and catalase were also decreased in the

nlTelTol treated groups when compared with the others. Liver marker enzymes like
A ;« the naracetamol treated groups, but the treatment with

AT T AST were increased m the paraccu
'  , . gjgyated level of these en2ymes. The total protein

extract at both the doses r ^ paracetamol treated groups and a gradual

mcrease was noticed ^ ^ extract treated groups.
the paracetamol alone ^g^^nt change with the lieatment
Haematological parameters showed not mucn g"

.  . ̂vtract revealed the presence of phenolicPhytochemical analysis of the plant g gj,^^es. AU the animals
compounds, fiavonoids, tannins, glycosides, diterptae ^ p^^^amol treated
sLowed normal liver except the paracetamol treate grou . ^
group areas of necrosis was noticed. On histological exammanon.



group showed areas of coagulation necrosis and the treatment groiq)s showed
regeneration of the hepatocytes.

The study revealed that the ethanolic extract of leaves of E. jambo
activitv in paracetamol

doses 100 and 200 mg/Kg/day have significant hepatoprotec
induced toxicity in rats.


