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ABSTRACT

Limnophila heterophylla, a medicinal plant native tropical and subtropical South and Southeast Asia
(Indomalaya), including southern China and it israoonly used in folk medicine to treat various ds&sa The aim
of the present study was to evaluate the hepategtioe and in-vivo antioxidant activities of Limidga
heterophylla. The hepatoprotective activity of raethl extract of leaves of Limnophila heterophyllasvevaluated
against carbon tetrachloride + olive oil (1:1) inded hepatic damage in rats. The methanol extradeafes of
Limnophila heterophylla at dose of 250 and 500 mglere administered orally once daily for sevensd&erum
enzymatic levels of serum glutamate pyruvate tnasase (SGPT), serum alkaline phosphatase (SAld}ate
dehydrogenase (LDH), total bilirubin (TB), and tbtaotein (TP) were estimated. In-vivo antioxidativity of
methanol extract of Limnophila heterophylla was lesged by various assays including superoxidedias®it
(SOD), catalase (CAT), glutathione peroxidase (GRythitathione reductase (GRD), reduced glutathioaed
malondialdehyde (MDA) levels in liver tissues. Theesults of the carbon tetrachloride -induced liviexicity
experiments showed that rats treated with the nmethaxtract of Limnophila heterophylla 500 mg/kgwied a
significant decrease in SGOT, SGPT, ALP, LDH, aBdlévels, which were all elevated in the ¢€lolive oil
group (p < 0.01). Limnophila heterophylla levesraxgts therapy also protective effects against Ipatbological
alterations. The extract showed potent activitiesSOD, CAT, GRD, GPx, reduced glutathione and M&xlk.
Further histopathological examination of the livesections was carried out to support the inductioch o
hepatotoxicity and hepatoprotective efficacy. Tésutts of the present study strongly reveal thaharel extract
of leaves of Limnophila heterophylla had hepatopetive and antioxidant activities against carbotraehloride -
induced hepatic damage in experimental animals.

Keywords: Limnophila heterophyllaCarbontetrachloride, Hepatoprotective, Antioxidactivity.

INTRODUCTION

Limnophila heterophylla][Syononyms: Columnea heterophylla RoxbLimnophila reflexaBenth., Limnophila
heterophyllavar. reflexa (Benth.) Hook. fLimnophila roxburghiiG. Don] is an aquatic herb, mainly submerged,
but with shoots that often emerge above the watdace, rooting at nodes. This plastlisted as a “serious” weed
in India and a “common” weed in Thailand and regards among the most problematic weeds of deep-vieddan
West Bengal, India (1). The plant finds lot of dpations in the traditional system of medicine agtivarious
ailments (2). The plant leaves are crushed witlorgotoil and applied on the wound to quicken heg(i®) and is
established as a source of flavonoids, terpendilds.isolated phytochemicals as well as differeitaets exhibited
some kind of pharmacological activities such asbaterial, anti fungal (4), wound healing (5) @@@X-Inhibitor
(6). Exhaustive research regarding isolation of enphytochemicals and pharmacology study on thisicired
plant is still necessary so as to explore the ptagtarding its medicinal importance. Therefore, dim of this
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review was to boost up present day researcherkisndirection to undertake further investigationtbis plant.
Numerous medicinal plants and their formulatiores ased for liver disorders in ethnomedical practisevell as in
traditional systems of medicines in India (7). Hepéibrosis is a common condition in which majonaunts of
liver parenchyma cells are replaced by fibrous eative tissue. Liver diseases remain one of thmsehealth
problems and it is well known that free radicalsige cell damage through mechanisms of covalentirgnaind
lipid peroxidation with subsequent tissue injury. Bxperimentally hepatic fibrosis is formed by #dministration
of CCl, paracetmol, thioacetamide etc. Scavenging of fadécals by antioxidant could reduce the fibrosiscess
in the tissue. As per the literature survey, thealb@protective effect dfimnophila heterophylldeaves against C¢l
+ Olive oil induced liver injury in rat has not bedemonstrated. Hence, the present study focusedalnating the
hepatoprotective and antioxidant effects of methanxtract fromLimnophila heterophylldeaves on CGl+ Olive

oils-induced liver injury in rat.

MATERIALS AND METHODS

Plant material

The plant material was collected from Tirupati (Anal Pradesh) and further identified, confirmed &hauticated
by Dr. Madavchetty, Professor, Botany departmerity8nkateswara University, Tirupati. Voucher speen No
(GIP-Plant No-006) has retained in GITAM Institudé Pharmacy, GITAM University. The collected leavefs
Limnophila heterophyllawere washed with tap water. The leaves were cutoirsmall pieces and air-dried
thoroughly under shade (at room temperature) ferraonth to avoid direct loss of phytoconstituentsrf sunlight.
The shade dried material was powdered using theegaér and sieved up to 80 meshes. It was theroenized
to fine powder and stored in dight container for furthers analysis.

Chemicals
All chemicals used in the study were of analytigedde. CCJ was procured from Krishna Chemicals Pvt. Ltd.,
Guijarat, and Silymarin from GVK Bio sci, Hyderabad.

Preparation of Limnophila heterophylla extract

The leaves of.imnophila heterophylla wereefluxed with methanol in a soxhlet extractor f& firs. The excess
solvent was removed from the extract by vacuumrydiash evaporator and concentrated over the lateémbath.
Finally dried extract was stored in desiccatorshigpatoprotective and antioxidant activities.

Preliminary phytochemical screening

The methanol extract was subjected to various pingmical studies to identify the presence of variou
phytoconstituents like alkaloids, steroids, flavinlsp glycosides, tannins, resins, carbohydratesn@macids,
proteins and terpenes (9).

Safety Evaluation

The toxicity study was carried out using OECD guides No. 423. Three female mice of the same agepyand
weight were taken in a single dose up to the higtiese of 2000 mg/kg B/W orally. The animals webbsarved for
1 hr continuously and then hourly for 4 hr, ancafiy after every 24 hr up to 15 days for any matgabr gross
behavioral changes (10).

In-vivo hepatoprotective activity

Experimental animals

Swiss albino rats (200-250gm) were used for thegxgnts. Animals were housed under standard dondifi.e.

at 22 + 2C; humidity: 50-55% and 12 h natural light/dark leyan polypropylene cages and fed with standard
laboratory diet and water ad libitum at least 1 kvpgor to experiment. All the animal treatment veasducted in
accordance with the guideline approved by Instindal Animal Ethics Committee (IAEC) and CPCSEA.

Experimental design

A total of 35 rats were divided into5 groups ofafsreach. Group | served as normal control andvet@nly the
vehicle (ImL/kg/day orally).Group Il received GAmL/kg (1:1 of CCJ in olive oil) i.p. once daily for 7 days.
Group Il received CGl1mL/kg (1:1 of CCJ in olive oil) i.p. and silymarin 100 mg/kg orallyp.o.) for 7 days.
Groups 1V, V were administered methanol extradeaies ofLimnophila heterophyllat 250 and 500 mg/kg body

242
Scholar Research Library



Raja Sundararajan and Ravindranadh Koduru Der Pharmacia Lettre, 2015, 7 (7):241-249

weight p.o., respectively and dose of 1mL/kg i.p.GELl, (1:1 of CC} in olive oil) for 7 days. All rats were
sacrificed by cervical dislocation 24hrs after ldst treatment.

Biochemical parameters

The blood samples were allowed to clot for 45 nesudt room temperature. Serum was separated hyfegation

at 3500 rpm at 3C for 15min and analyzed for various biochemicalapgeters such as serum glutamic oxalo
acetate transaminases (SGOT), serum glutamic pyrutransaminases (SGPT), alkaline phosphatase (ALP)
Lactate dehydrogenase (LDH), total bilirubin (TB)datotal protein (TP).

Antioxidant parameters

For estimating antioxidant activity, animals weaersficed and liver was excised, rinsed in ice dawbrmal saline
followed by 0.15M Tris-HCI (pH-7.4) blotted dry angeighed. A 10% w/v of homogenate was preparedi6M
Tris-HCI buffer and processed for the estimationlipfd peroxidation (TBARS). A part of homogenatéea
precipitating proteins with trichloroacetic acid GA) was used for estimation of glutathione. The agrmg
homogenate was centrifuged at 1500 rpm for 15 mid’@. The supernatant thus obtained was used for the
estimation of superoxide dismutase, GPx, GSH atalase.

Estimation of hepatoprotective parameters

SGOT & SGPT

Serum transaminases (GOT and GPT) were determinedebmethod developed by Reitman and Frankel (11).
Each substrate (0.5mL) [either-L-alanine (200mM) or L-aspartate (200mM) with 2miVt ketoglutarate] was
incubated for 5 min at 37°C. A 0.1mL of serum wakled and the volume shall be adjusted to 1.0mL with
sodium phosphate buffer (pH 7.4; 0.1M). The reactioixture was incubated for 30 and 60 min for GRil a
GOT, respectively. A 0.5mL of 2, 4-dinitrophenyldrgzine (1mM) was added to the reaction mixturelafidor

30 min at room temperature. Finally, the color wigseloped by the addition of 5mL NaOH (0.4 N) ahd t

product formed was read at 505nm. Data were exgpess U I:l.

Alkaline phosphatase

Alkaline phosphatase (ALP) was assayed by the ndetfidind and King (12). The reaction mixture oD3nl
containing 1.5 ml of buffer (carbonate-bicarbortzuéfer, 0.1M, pH 10.0), 1 ml of substrate and regaiamount
of the enzyme sources was incubated 8€3dr 15minutes. The reaction was arrested by titian of 1.0 ml
of Folins phenol reagent. The control tubes weceiked the enzyme after arresting the reaction.cbments was
centrifuged and to the supernatant, 1.0 ml of 19#isn carbonate solution, 1.0ml of substrate artm0.of
magnesium chloride (0.1M) was added and mixture imasbated for 10 minutes at &7, The colour was read
out 640 nm against the blank.

Lactate dehydrogenase activity

Lactate dehydrogenase (LDH) activity was estimadtederum by the standard method (13, 14). The imact
mixture consisted of 0.1mL of nicotinamide aderiimaucleotide (NADH)-reduced disodium salt (0.02 M)1mL

of sodium pyruvate (0.01 M), 0.1mL of serum, anddmap to 3mL with sodium phosphate buffer (0.1M; pH
7.4). The changes in the absorbance was record@&Dain at 30s interval each for 3min and the enzantivity

1

was calculated using a molar extinction coefficieh.220M cm_1 and it was expressed as nanomoles NADH

oxidized min* mg_1 protein.

Total Bilirubin

Total bilirubin (TB) content was estimated by methaf Malloy and Evelyn (15). The two test tubes eveaken
and each into was added 0.2ml of serum sample ahdhllof distilled water. To the unknown, 0.5 ml difizo
reagent and to the blank, 0.5 ml of 1.5% hydrochadid was added. Finally, to each tube, 2.5 minethanol
was added and then allowed to stand for 30 mintése and absorbance was read at 540nm. For aasthn
curve, the above standard was diluted lin 5ml nmeth&he amount of direct reacting bilirubin wagetenined
similarly by substituting 2.5ml of water for 2.5mf methanol. The values were expressed as mg/dl.

Total Protein
Total protein (TP) content in the tissue was deteech by earlier method reported by Lowry et al§)(lusing
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bovine serum albumin (BSA) as the standard.

Estimation of antioxidant parameters

Superoxide dismutase assay

Superoxide dismutase (SOD) activity was analyzedhgy method described by Rai et al. (17). Assaytumex
contain 0.1mL of supernatant, 1.2mL of sodium piaagphate buffer (pH 8.3; 0.052M), 0.1mL of phenazin
methosulfate (186 mM), 0.3mL of nitroblue tetramati (300 mM),and 0.2mL of NADH (750 mM). Reaction
was started by the addition of NADH. After Inculoatiat30°C for 90s, the reaction was stopped by the addition
of 0.1mL of glaciahcetic acid. Reaction mixture was stirred vigorguslith 4.0mL of n-butanol. Color
intensity of the chromogen in the butanol was mesasspectrophotometrically at 560nm and the comatah of
SOD was expressed as Utnof protein.

Catalase assay

Catalase activity (CAT) was measured by the methfoBergmeyer (18). A 0.1mL of supernatant was aded
cuvette containing 1.9mL of 50mM phosphate buffed (7.0). Reaction was started by the addition diml

of freshly prepared 30mM $D2. The rate of the decomposition 0pB2 was measured spectrophotometrically

at 240 nm. Activity of CAT was expressed as U?hgf protein.

Glutathione reductase assay

Glutathione reductase (GRD) activity was assayedhay method of Mohandas et al. (19). The assayesyst
consist of 1.65mL sodium phosphate buffer (0.1M; pt4), 0.1lmL EDTA (0.5mM), 0.05mL oxidized
glutathione (ImM), 0.1mL NADPH (0.1mM), and 0.05msupernatant in a total mixture of 2mL. The enzyme
activity was quantified by measuring the disappeeesof NADPH at 340nm at 30s intervals for 3mineHctivity

1

was calculated using a molar extinction coefficieht6.22 X 10°’M'1cm' and was expressed as nanomoles of

NADPH oxidized min mg'1 protein.

Glutathione peroxidase assay
Glutathione peroxidase (GPx) activity was determiity the method described by Wendel (20). The i@act
mixture consist of 4Q€L of 0.25M potassium phosphate buffer (pH- 7.0)0 20L supernatant, 100L GSH (10

mM), 100 uL NADPH (2.5mM), and 100L GRD (6UmE1). Reaction was started by adding gD0hydrogen
peroxide (12mM) and absorbance was measured an8@@nimin intervals for 5 min using a molar extiont

coefficient of 6.22X 18M Lcm L. Data was expressed as mU_%1gf protein.

Reduced glutathione assay

Reduced glutathione (GSH) was measured accordinthéomethod of Ellman (21). The equal quantity of
homogenate was mixed with 10% trichloroacetic agid centrifuged to separate the proteins. To 0.Dbfrthis
supernatant, 2ml of phosphate buffer (pH 8.4), Bl5of 5’5-dithio, bis (2-nitrobenzoic acid) and ¥ double
distiled water was added. Mixture was vortexed ahdé absorbance read at 412nm within 15min. The
concentration of glutathione was expresseggmg of protein.

Lipid peroxidation assay

Lipid peroxidation (LPO) was measured by the metbb@hang (22). Acetic acid 1.5mL (20%; pH 3.5% bf
TBA (0.8%), and 0.2mL of sodium dodecyl sulfatel{®) was added to 0.1ml of supernatant and heat&d&E

for cooled and 60 min. Mixture wawsoled, and 5mL of n-butanol: pyridine (15:1) midwand 1mL of distilled
water was added and vortexed vigorouslfter centrifugationat 1200y for 10min, the organic layavas separated
and the absorbance was measured at 532nm usingcéragghotometer. Malonyldialdehyde (MDA) is an end
product of LPO, which reacts with TBA to form pinkromogen—TBA reactive substance. It was calculasitg a

molar extinction coefficient of 1.56 X 2™ L cm '+

protein.

and shall be expressed as nanomoles of TBARSI g

Histopathological studies
A portion of the left lobe of the liver was preseavin 10% neutral formalin solution for at leastt®4rocessed and
paraffin embedded as per the standard protocotid®scof 5um in thickness were cut, deparaffinizéghydrated,
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and stained with haematoxylin and eosin (H&E) fbe testimation of hepatocyte necrosis and vacu@izat
Morphological changes were observed including gelks necrosis, sinusoidal congestion, fatty chabgiooning
degeneration, inflammatory infiltration.

Statistical analysis

The data were expressed as mean = SE, whose bimethemd physiological parameters were analyzetistitally
using one-way ANOVA followed by Dunnet’s t-test ngithe SPSS statistical software for comparing vilitd
control group and CGH Olive oil -treated group. P < 0.05 was considexggignificant.

RESULTS
Percentage yield

The percentage yield of the methanol extradtiofnophila heterophyllavas found to be 23.2% and mentioned in
the Table No.1.

Table No 1. Percentage yield of methanol extract @fimnophila heterophylla

Extract Name % Yield (w/w)
Methanol extract oEimnophila heterophylla 23.2

Preliminary phytochemical screening ofLimnophila heterophylla

It was observed that the preliminary phytochemsmakening oLimnophila heterophyllashowed the presence of
steroids, triterpinoids, phenolics, tannins, am¥dhoids in methanol extract, where as absencéoalkaoils, fats,
glycosides and saponins. The preliminary phytochamécreening for various functional groups is tatad as
Table No. 2.

Table No. 2. Qualitative analysis of methanol extret of Limnophila heterophylla

Name of phytochemical test| Observation report of mt@anol extract of Limnophila heterophylla
Carbohydrates

Steroids +
Flavonoids +
Tannins +
Alkaloids _
Triterpinoids +
Phenolics +
Saponins

Glycosides

Oils & fats

“+” indicates positive;  “-” indicates negative

Toxicity study
When rat fed with methanol extract bimnophila heterophyllaip to 2000 mg k§p.o. exhibited no mortality or
any sign of gross behavioral changes when obseémtélly for 24hrs, and finally up to 15 days.

Carbon tetrachloride induced hepatotoxicity

The impact of CGl+ Olive oil on the levels of SGOT, SGPT, ALP, LDbilirubin, and total protein in the serum
were summarized in Table 3. The serum levels ofvaldmiochemical parameters were significantly (P .85D
increased; however, a significant decrease in ekel$ of total protein was observed in £€IOlive oil treated
control compared to normal control. Treatment withthanol extract ofimnophila heterophyllaand silymarin
prior to CC}, + Olive oil intoxication, afforded protection byvering of the above serum markers as well as by
increasing the total protein content. Better prisd@cwas observed with the higher dose (500 mg#tdghe extract.

In vivo antioxidant assays

As shown in the table 4, CGt Olive oil intoxication produced significant (PO<05) reduction in SOD, CAT, GRD,
GPx, and GSH activities along with significanthcieased lipid peroxidation level (expressed as Miken
compared to normal control. Treatment with methasdtact ofLimnophila heterophylleat doses 250 and 500
mg/kg b.w for 7 days showed significant higher lexaf SOD, CAT, GRD, GPx, and GSH in addition tgrsficant
lower levels of hepatic MDA as compared to ¢£€0live oil intoxicated rats.
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Table: 3. Hepatoprotective parameters of methanobdract of Limnophila heterophylla against CCL + Olive oil induced damaged.

Biochemical Control CCl4 + Olive oil Limnophila heterophylla methanol Silymarin
Parameters group treated extract(mg/kg) (25mg/kg)
group 250 500

SGCT (IUL-l) 46.9+74 186.8+11.4 121.445.6 66.8+11.6 52.7+76
SGPT (UL 1) 10649.5 254+15.4 196 +12.6 147+8.5 10249.5
ALP (KA Units) 42.8+1.18 74.6+0.99 44.7+0.65 42.439 45.2+1.25
'r-n%_'}' pgnoft*gi?;m'es NADH oxidized mih | 375 6114 4 524.8+14.5 446.8+25 446.2+0.05 404739,
Total bilirubin (mg/dl) 2.7+0.04 4.24+0.14 2.0+0.17 3.2+0.24 2.2+0.05
Total protein (mg/dl) 9.7+0.15 4.28+0.06 6.5+0.02 740.37 8.2+0.13

Data are given as mean SD of six animals. * Sigaificlifference (p < 0.05) from control or CCl4 +i@8 oils -treated rats. ALP = alkaline
phosphatase; BlL=bilurubin, LDH= Lactate dehydrogee; SGOT = serum glutamic oxaloacetic transamin&&PT = serum glutamic

pyruvic transaminase.

Table.4. Effect of methanol extract oLimnophila heterophylla on biochemical parameters

CAT GRD (nanomoles of - GSH MDA (nanomoles
S.NO | Treatment Efo Dr(gltjém? (u/mg of NADPH oxidized (:;LPX (mUmg (ug/mg of | of TBARS mg* cm
p protein) min-1 mg-1 protein.) of protein) protein) of protein)
1 Control 59.4+6.5 189.6+0.06 18.6+1.39 276.6+0.99 9.2+07 4.6+03
2 C-:r(;):tlr(ial 24.6+0.34 46.5:07 7.4+1.16 167.4+0.85 3.4109 132640
3 Standard 59.8+0.45 179.4+15 15.2+0.04 259.2+18 8+(0B 5.8+03
4 lencgc/;kgzw 438:03 | 132.6+13 11.440.37 211.6+0.17 6.8:23 +0.85
5 anc;?kgoo 54.6x£015 159.8+11 13.8+0.11 224.8+0.19 7.4+14 6.4x04

Data are given as mean SD of six animals. * Siganifidifference (p < 0.05) from control or C& Olive oil -treated rats. SOD= Super oxide
dismutase; CAT= Catalase, GPx= Glutathione peros&laGRD = glutathione reductase; MDA = Malonyldiald/de; RD = Reduced

Histopathological observations
The histopathological studies of the liver showatlyf changes, swelling, necrosis, cell vacuolizgtidegenerated
nuclei and inflammatory, infiltration with lossf hepatocytes in C¢H Olive oil intoxicated rats (IlI) in
comparison with normal rats (l). The liver sectia@igats treated with the lower (V) and higher @f)the extract
showed reduced degeneration of hepatocytes, naatialn of fatty changes, decrease in vacuolizagioth necrosis
of the liver. Silymarin treated group showed coasadble reduction in necrosis and damage of livis ¢il).

Figure I:-Normal

glutathione

Figure II- CCl4- Olive oil (1:1, 1 ml/kg
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Figure V-High dose (500 mg/kg)

DISCUSSION

Phytochemical screening of thémnophila heterophyllashows the presence of steroids, alkaloids, tiieigds,
phenolics, tannins, flavonoids and saponins in arahextract. Acute toxicity studies revealed tba-toxic nature
of the methanol extract afimnophila heterophyllaip to a dose level of 2000mg/kg body weight iis.rathere was
no lethality or toxic reaction found at any of theses selected during the study.

The present study was undertaken to assess th&dnamtioxidant effects of methanol extract lamnophila
heterophyllaon CC}, + Olive oil induced hepatotoxicity in rats. The hegoxicity induced by CGH Olive oil is
due to its metabolite C¢| a free radical that alkylates cellular proteinsd aother macromolecules with a
simultaneous attack on polyunsaturated fatty adii)e presence of oxygen, to produce lipid petesj leading to
liver damage. Hepatocellular necrosis leads toatien of the serum marker enzymes such as SGPT,TSGO
bilirubin, ALP, and LDH which are released from fher into blood (23). The present study reveaezignificant
increase in the activities of SGPT, SGOT, biliryoikLP, and LDH levels on (24, 25), indicating calesiable
hepatocellular injury. Administration dfimnophila heterophyllanethanol extract at different doses level (250 and
500 mg/kg) attenuated the increased levels of #rans enzymes, produced by G@&l Olive oil and caused a
subsequent recovery towards normalization compatakthe control groups animals.

The hepatoprotective effect of theémnophila heterophyllamethanol extract was further accomplished by the
histopathological examinationsLimnophila heterophyllamethanol extract at different dose levels offers
hepatoprotection, but 500mg/kg is more effectivantthe lower dose. In CCH Olive oil induced hepatotoxicity,
the balance between ROS production and these adittxdefenses may be lost, ‘oxidative stress’Iteswhich
through a series of events deregulates the ceflutations leading to hepatic necrosis. Hence tetidwed that the
activities of CAT, SOD, GRD, GSH and GPx in groupated with CCl+ Olive oil declined significantly along
with  significantly increased lipid peroxidationvld (expressed as MDA) than that of normal group- C
administration of methanol extract bimnophila heterophyllat a dose of 250 and 500 mg/kg for 7 days markedly
prevented these C&CtH Olive oil induced alteration and maintained enegntevel near to normal values. Standard
(silymarin) treated group also significantly incsed the level of CAT, SOD, GRD, GSH and GPx in 3CDlive
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oil induced toxic rats. CAT considered as most ingot HO, removing enzyme and also a key component of anti
oxidative defense system. Here CAT activity waseased and then restored to normal levels on adiration of
ethanolic extract oLimnophila heterophyllaSOD plays an important role in the eliminationR®S and protects
cells against the deleterious effects of superesdion derived from the peroxidative processvarliand kidney
tissues and the observed increase in SOD activggessts that the methanol extractohnophila heterophylldas

an efficient protective mechanism in response t&RO

The reduced activities of GRD and GPx observedtpmit the hepatic damage in the rats administesitd CCl,
+QOlive oils but the treated with, 250 and 500mgdfd_imnophila heterophyllanethanol extract groups showed
significant increase in the level of these enzymekich indicates the antioxidant activity of thémnophila
heterophylla Regarding non enzymic antioxidants, GSH is acalideterminant of tissue susceptibility to oxidat
damage and the depletion of hepatic GSH has bemmnsto be associated with an enhanced toxicityhendcals,
including CC}, + Olive oil. Furthermore, a decrease in hepatsLugsGSH level was observed in the £€0live oil
(26) treated groups. The increase in hepatic GSEl i@ the rats treated with, 250 and 500 mg/kd.iofinophila
heterophyllamethanol extract may be due to de novo GSH syistle<GSH regeneration.

The level of lipid peroxide is a measure of membrdamage and alterations in structure and funafaocellular
membranes. In the present study, elevation of |ygibxidation in the liver of rats treated with G€IOlive oil was
observed. The increase in LPO levels in liver ssggenhanced lipid peroxidation leading to tissamage and
failure of antioxidant defense mechanisms to prewka formation of excessive free radicals. Treatimeith
Limnophila heterophyllamethanol extract significantly reversed all thearopes. Hence, it is possible that the
mechanism of hepatoprotectionlofmnophila heterophyllanay be due to its antioxidant activity.

CONCLUSION

A methanol extract of.imnophila heterophyllain the dose of 500mg/kg, p.o., has improved tleeHemical
(SGPT, SGOT, TB, ALP, LDH and TP) and antioxidaatgmeters (CAT, SOD, GRD, GSH, GPx and MDA)
levels significantly, which were comparable withysiarin. On the basis of the study it can be codelthat
methanol extract dfimnophila heterophyllgpossesses both hepatoprotectiveiandvo antioxidant activities.
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