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ABSTRACT

Pomelo or shaddock (Citrus maxima) is a widelyieated and consumed citrus variety in India.
In the present study, the methanol extract of Gitmaxima (J. Burm.) Merr. leaves (MECM)
was evaluated for its in vivo antioxidant and h@pabtective activity against paracetamol
induced hepatotoxicity in Wistar albino rats. Thesults of the present study established the
hepatoprotective and antioxidant activity of MEGMthe dose levels of 200 and 400 mg kg
body weight and showed dose dependent decreadee ibilirubin, total protein and serum
hepatic enzyme levels in comparison to the paracetazontrol rats. By MECM treatment, the
hepatic TBARS levels were decreased and GSH armlasat levels were increased as
comparable to the silymarin treated group (25 mg kgv.) which served as reference. The data
were supplemented by histopathological studiebefat liver sections.
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INTRODUCTION

Liver damage is a widespread pathology which intntases involves oxidative stress and is
characterised by a progressive evolution from sgstto chronic hepatitis, fibrosis, cirrhosis,
and hepatocellular carcinoma [1]. Steroids, vacgirend antiviral drugs, have been used as
therapies for liver pathologies, have potential eade side-effects, especially if administered
chronically or sub-chronically. Therefore, herbabgucts and traditional medicines with better
effectiveness and safe profiles are needed assitsid for chemical therapeutics. As oxidative
stress plays a central role in liver pathologied #eir progression, the use of antioxidants have
been proposed as therapeutic agents, as well gscdradjuvants, to counteract liver damage

[1].
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Production of free radicals or reactive oxygen sggm¢ROS) was ascertained to play multiple
important roles in tissue damage and loss of fonati a number of tissues and organs [2].

Paracetamol is a widely used over-the-counter asalgand antipyretic drug. It is commonly
used in relief of fever, headaches, and other maabres and pains. Paracetamol is primarily
metabolised by the liver. Most of the metabolites iaactive, non-toxic and eventually excreted
by the kidneys. But excessive use of paracetanmmbeanage multiple organs and the toxicity is
from one of the metabolites, N-aceprbenzoquinoneimine (NAPQI) [3]. Paracetamol
hepatotoxicity is the most common cause of acwier lfailure [4]. New restrictions should be
placed to protect people from the potential toxiteats of paracetamol. Research and
development of potential drugs used for treatmétitver damage caused by paracetamol is thus
solicitated [5].

Hepatoprotective effects have been associated piéht extracts rich in antioxidants [1, 6].
Silymarin, one of these compounds, was used aamaatd reference and exhibited significant
hepatoprotective and antioxidant activity againatapetamol induced hepatotoxicity in rat
models [7].

The plant,Citrus maxima(J. Burm.) Merr. (Rutaceae), is commonly known hadslock or
pomelo. The plant is indigenous to tropical partsAgia. The plant is cited as antitoxic,
appetizer, cardiac stimulant and stomach tonicnoiesmt and medieval literature [8Citrus
maximaandC. grandis (family: Rutaceae) are both currently used fa& shaddock or pomelo.
Although C. grandis(L.) Osbeck is more frequently used, maxima(J. Burman) Merrill is
correct under the International Code of Botanicaiiénclature (ICBN) [9].

The major flavanones of Pomelo are neohesperidimaningin, which are high in the seed case
of unripe citrus fruits [10] and its extract showadtioxidant activity through free radical-
scavengingn vitro and to reduce reactive oxygen species i@Hreated HepG2 cells [11.
maximaessential oil is composed afpinene, sabinine, B-pinine, 4 methyl heptenone, 5-
myrcene, hexanal, sabinine, DL-limonine, t-ocimileglool, 1-hexene, 4-methyl-1-hexene-3,3-
dimethyl, geranyl formate, Z-citral, geranyl forreaE-citral, geranyl acetatp;farnesene [12].
Hespiridin, naringin, caffeigp-coumaric, ferulic and vanillic acid are presenttlhie fruit juice
[13].

In vitro free radical scavenging activity of MECM was exphb and the extract was found to be
having significant free radical scavenging activitlyen tested against different free radifig.
Antiinflammatory activity of MECM was explored agat different acute models of
inflammation [15]. The antitumor activity of MECMas investigated against Ehrlich’s ascites
carcinoma in Swiss albino mice [16]. The currenudgt aims to explore then vivo
hepatoprotective andntioxidant activity of methanol extract @itrus maximaMerr. leaves
(MECM) in rats.

MATERIALSAND METHODS

Plant material and extraction

The fresh leaves of. maximawere dried under shade and powdered by mechagicader.
About 500 g of the plant material was successieglyacted with petroleum ether and methanol
in a Soxhlet apparatus. The methanol was then eatgub under reduced pressure to get the
crude extract (MECM, yield: 18.1%).
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Drugsand chemicals

Silymarin 70 mg capsules was purchased from Micmbd, Hosur, Tamilnadu, India.
Thiobarbituric acid, nitrobluetetrazolium chloridBlBT), were from Loba Chemie, Bombay,
India; 5,5-dithiobis-2-nitrobenzoic acid (DTNB), carbon tetrachloridere from Sisco Research
Laboratory, Bombay, India. All the other solvenislahemicals used were of analytical reagent
grade obtained commercially.

Animals

Six to eight week old male Wistar albino rats (#8B0 g) were obtained. The animals were kept
at 25 + 2°C and a relative humidity of 40- 45% watlernative day and night cycles of 12 h
each. All animals were acclimatized to identicéldeatory conditions for seven days prior to the
study. The animals had free access to pellet fblmad(stan Lever, Mumbai, India) and waser
libitum. All experimental procedures were reviewed andr@agma by the University Animal
Ethics Committee, Jadavpur University (367001/CCSEA).

Acute toxicity

The acute toxicity of the extract was determinecbading to the OECD guideline No. 420 (15).
Male albino mice weighing 27-30 g were used fos 8tudy. MECM was given to four groups (

= 5) of animals at 5, 50, 300 and 2000 mg kgw. p.o. The treated animals were observed up to
14 days, for mortality and general behaviour.

Paracetamol induced liver damagein rats:

Male Wistar albino rats were divided into 5 groiips 6). The group | served as saline control.
The group 1I-V received 650 mg/kg b.w. paracetamol% sodium carboxy methylcellulose

(CMC) p. o. [17]. Group Il served as negative contThree hours after the paracetamol
induction the group 11l and IV received MECM at thhese of 200 and 400 mg/ kg b.w., p. 0. and
group V received standard drug silymarin (25 mdikg., p. 0.) once in a day for 14 days [7].
24-Hours after the last dose and 18 hours of fgstiondition, the blood were collected by
puncturing retro-orbital plexus for estimation @afrous biochemical parameters.

Biochemical studies

The blood samples were allowed to clot for 45 ntiroam temperature. Serum was separated by
centrifugation at 2500 rpm at 30°C for 15 min arndized for the estimation of various
biochemical parameters namely SGPT, SGOT, SAL& sarum bilirubin [18-20].

After collection of blood samples the rats wereriiaed and their livers excised, rinsed in ice
cold normal saline followed by 0.15 M Tris-HCI (pH4) blotted dry and weighed. A 10 % w/v
of homogenate was prepared in 0.15 M Tris-HCI budfed processed for the estimation of lipid
peroxidation (expressed as thiobarbituric acicttrea substances, TBARS) by the method of
Ohkawa et al., 1979 [21]. A part of homogenatergftecipitating proteins with trichloro acetic
acid (TCA) was used for estimation of glutathioe&pressed as reduced glutathione, GSH) by
the method of Ellman, 1959 [22]. The rest of thenbgenate was centrifuged at 15000 rpm for
15 min at 4°C. The supernatant thus obtained wad @ the estimation of catalase (CAT)
using the method of Aebi, 1974 [23].

Histopathological observation in theliver

The rat liver tissues were fixed with 10% formabaffer solution (pH 7.4) for 24 h and
dehydrated with a sequence of ethanol solutioneantdedded in paraffin. The serial sections
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were cut 5 um thick and stained with haematoxytishe (HE), and then observed for the
changes of liver injury by photomicroscope

Statistical analysis

All results are expressed as the mean + standesd@&rmean (SEM). The results were analyzed
for statistical significance by one-way (ANOVA) lolved by Dunnett’'s test using Graph Pad
Prism ver. 5.0, Graph pad software, USA. The pesalkfp<0.05 andp <0.001 were considered
to be significant and highly significant respeetiu

RESULTSAND DISCUSSION

The effect of MECM and silymarin on different serlmochemical parameters in paracetamol
treated rats is given in figure 1. MECM at the ddésesl of 400 mg kg body weight was
successful in restoration of the serum biochenpesihmeters as compared to the paracetamol
control group.

E= saline control 7 # E= Saline control
E=3 paracetamol control EZ3 Paracetamol control
E3 MECM 200 E MECM200
@™ MECM 400 [ MECM400
Sllymarin Silymarin

SGOT SGPT

EE saline control

EZ paracetamol control
E3 MECM 200

@ MECM 400
Silymarin

EE Saline control

EZ Paracetamol control
E3 MECM 200

@O MECM400
Silymarin

ALP Bilirubin

Fig. 1. Effect of MECM on serum SGPT, SGOT, ALP and bilirubin in paracetamol treated rats. (n = 6).
Values expressed as mean + SEM, #p < 0.001 wheadtagainst saline control. *p < 0.001 when tesagdinst
paracetamol control.

The effect of MECM on thiobarbituric acid reactigabstances (TBARS), reduced glutathione
(GSH) and catalase activities in the liver tissokthe paracetamol treated rats is given in figure
2. The reduced level of GSH and catalase in paaamdtcontrol rats are almost restored to the
normal level by MECM in a dose-dependent mannee. ilbreased TBARS level in paracetamol
control rats is also restored to normal level by®ME The results of the present study showed
that the methanol extract &fitrus maximadeaves at the dose of 400mg kdiave some degree

of hepatoprotective ability as seen in fig. 3D, véhéhere was fewer necrotic cells and wider
sinusoidal spaces when compared with the negatinta group (Fig. 3B) that showed marked
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distorted hepatic cords, necrotic cells and ofldieat sinusoids. Paracetamol was used in this
study to induce the liver damage (fig. 3B) and @isweported to be hepatotoxic [7,17]. Based on
the results obtained, we therefore inferred B@tus maximaleaf extract has some protective
effect on the liver as shown by the reduced danrageoup 11l (fig. 3).

100 )
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Paracetamol Control
MECM 200

MECM 400
Silymarin

NEOEE

(uoles of HO, decomposed/min/mg of wet liver tissue)

Saline Control
Paracetamol Control
MECM 200

MECM 400
Silymarin

;
18080

TBARS (MM100 g of wet liver tissue)

Saline Control
Paracetamol Control
MECM 200

MECM 400
Silymarin

NEOEE

GSH (mg/100 g of wet liver tissue)

7

Fig. 2. Effect of MECM on catalase, TBARS and GSH levelsin liver tissues of paracetamol treated rats.
Values expressed as mean + SEM. #p < 0.001 wheadtagainst saline control. *p < 0.001 when tesagainst
paracetamol control. ##p < 0.05 when tested agasasine control. **p < 0.05 when tested against aegtamol

control.

Liver is an organ involved in many metabolic funas and is prone to xenobiotic injury because

of its central role in xenobiotic metabolism. Haygakic drugs like paracetamol cause damage to
the liver [24].
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Fig. 3. Histopathological sectionsof liver. A: Normal liver having nor mal histological structures of hepatic

lobules. B: Toxicant treated animal liver showing hepatocellular vacuolization and focal hepatic necrosis. C:

MECM 200 mg kg™ treated liver showing mild vacuolization. D: MECM 400 mg kg™ treated liver showing
normal hepatocytes. E: Silymarin treated liver showing nor mal hepatocytes.

When the liver cell membrane is damaged, a vanégnzymes normally located in the cytosol
are released into the blood stream. In the prestendy, the activity of SGOT, SGPT and ALP
was found to be significantly decreased in MECM gustered rats when compared to
paracetamol control. The activity of SGOT and SGWRE found to be significantly increased in
paracetamol induced animals. The serum bilirubirellevas also restored as compared to the
paracetamol control animals. These findings araccordance with the findings of Gupta et al.,
2004 [7].

High dose of paracetamol and its metabolized proNdacetylp-benzoquinoneimine (NAPQI)

can alkylate, and oxidise intracellular GSH andtgro thiol groups, which results in the
depletion of GSH and subsequently leads to theeas® of lipid peroxidation and hepatic
damage [5].
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Catalase is an enzymatic antioxidant widely disteld in all animal tissues and the highest
activity is found in the red cells and liver. ltaenposes kD, and protects the tissue from
highly reactive hydroxyl and is thought to be thstfline of defence against oxidative damage
caused by BD, and other radicals induced by carcinogen. Intghitiof these protective
mechanism results in enhanced sensitivity to fagkécal induced cellular damage [25].

As described in figure 2, MECM at the dose level400 mg/kg body weight was able to
decrease the increased lipid peroxidation in pssacel treated rat liver to the normal level
comparable to that of saline control. It was alste @o restore the depleted catalase and reduced
glutathione levels in paracetamol intoxicated narlto the normal levels indicating tlve vivo
antioxidant potential of MECM in paracetamol chadled rats.

General mechanisms of hepatotoxicity induced bygdmay include reactive metabolite
formation, antioxidant depletion, and protein a#itidn. For paracetamol, the intrinsic toxicity
mainly depends on the expression of genetic variantd hepatocyte death typically follows an
apoptotic or necrotic pathway mainly depending medsposing factors [5].

The histopathological studies have also shown tirathepatocellular vacuolization and focal
hepatic necrosis in paracetomol control animalsignificantly reduced in the MECM 400
mg/kg treated animals and silymarin treated animals

The present study, therefore demonstrated thatmianol extract o€Citrus maximaleaves
showed favourablen vivo antioxidant potency to protect the paracetamoliced liver damage

in rats, at the dose of 400 mg/kg body weight, Whiaggested that MECM could be used as a
potential hepatoprotective agent.
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