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Abstract

Alcoholic liver disease is a major medical comgiioa of drinking alcohol. Oxidative stress
plays an important role in the development of treeaise. The present study was carried out
to evaluate thdn vitro antioxidant properties and effect of aqueous rextract of P.
reniforme on alcohol-induced hepatotoxicitiy vitro studies were carried out by determining
the level of phenolic compounds (phenols, flavonfiésronoids and proanthocyanidins), the
ability of the plant extract to scavenge DPPH* &RITS*" (cation radical) and its reducing
power. The results showed that the plant has dfisignt level of phenolic compounds, the
highest being the level of total phenols estimatetde 300.9 mg tannic acid/g of dry plant
material. The reducing power and ability to scaee@PPH* and ABTS* radicals were
found to be concentration dependent and were cahbf@awith the reference drudgs vivo
administration of ethanol (5 g/kg/day) for 3 weaksulted in liver injury. It negatively
affected the serum total protein, liver marker eneg (ALT, AST, ALP and GGT), and total
bilirubin levels. Administration of the plant exéta(50, 100 and 200 mg/kg), 2 h before
ethanol treatment caused a significant improverreserum protein levels and a significant
decrease in the levels of the liver marker enzyamebtotal bilirubin. Extract administration
2 h after ethanol also gave similar results showirag the plant can enhance recovery from

tissue damage. The activity & reniforme root extract compares well with silymarin, a
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known hepatoprotective drug. The effectofeniforme is probably related to its antioxidant

activities.
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I ntroduction

Alcohol toxicity is one of the world’s major healtinoblems, many people are affected due to
several fatal diseases caused by alcohol (Singla&,e2007). The liver is one of the major
alcoholic target organs known to be severely dachalye to chronic alcohol intake (Kundu
et al., 2008). It has been observed that almoshgdéisted alcohol is metabolized in the liver
and excessive alcohol use can lead to acute armhichliver disease. Also, most of the
consumed alcohol is eventually broken down by fierland the products generated and
accumulated during alcohol metabolism (e.g. acetglde) are more toxic than alcohol itself
(Kurose et al., 1996). Alcohol abuse can elicitudisances in the delicate balance between
the pro- and antioxidant system of the organisnerafore leading to oxidative stress.
Increased generation of oxygen- and ethanol-derikesgl radicals has been observed at the
microsomal level (particularly at the ethanol-inthle cytochromeP450 isoform), the
cytosolic xanthine and aldehyde oxidase, as wellhesugh the mitochondrial respiratory
chain (Nordmann et al., 1992). Polyunsaturated fatids are probably the most susceptible
target to free radical attack which occurs dueltol®l abuse. The reaction of free radicals
with the membrane lipid components leads to lipdopidation. This process can eventually
cause increased membrane permeability and cellhdéRakonczay et al., 2003). To
counteract these oxidants, cells have several esmzynantioxidants and nonenzymatic
antioxidants, but their levels are altered in atdmis (Saravanan & Nalini, 2007). This results
in covalent modification of cellular macromolecylesorphological changes leading to tissue

damage and aberrant biochemistry of liver (Liet®81; McCuskey, 1991).

Although important progress has been made inmstateding the pathogenesis of alcoholic
liver disease, treatment strategies such as llEestganges, pharmacological therapy and

nutrition therapy have been employed but theseafhes for this disease are not very
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effective (Saravanan et al., 2006), and liver tpdargtation is expensive and often beyond the
reach of the common man (Faremi et al., 2008) Aqthgrapeutic approach to modern drug
development can provide many invaluable drugs fi@aitional medicinal plants (Saravanan

et al., 2006).

Pelargonium reniforme Curtis (Geraniaceae) is a shrublet of up to 1 ighteavith kidney-
shaped leaves and pink flowers. It is indigenout¢oEastern Cape Province in South Africa
and it occurs mainly in coastal regions. It is viydaesed by traditional healers in areas of
southern Africa for the treatment of diarrhea, adysey, fever, respiratory tract infections,
liver complaints and wounds (Watt & Breyer-Brandwill962). Information obtained from
traditional healers and rural dwellers during etiotanical surveys carried out in the Eastern
Cape Province of South Africa showed that the agsi@oot extracts are commonly used in
the treatment of alcohol-induced liver disorderdusions and decoctions of the tubers are
commonly taken, while a traditional method of usthg roots is to boil the tuber in milk.
Also, the roots may be directly chewed or powdened mixed with food (Latté & Kolodziej,
2004). Although the root of this plant is used Ire ttreatment of alcohol-induced liver
disorders among several ethnic groups in areasoofhern Africa, there is paucity of
scientific evidence regarding its usage in livesodders. Hence, the present study was
undertaken to evaluate thevitro antioxidant activity as well as the protective anulative

effects ofP.reniforme root extracts against alcohol-induced damagetdiver.

M aterials and methods

Collection and identification of plant material

The plant samples were collected in December 2008 fa natural population oP.

reniforme from Grahamstown in the Eastern Cape ProvinceootiSAfrica. The plant was
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identified by Prof. D.S. Grierson of the DepartmehBotany, University of Fort Hare, and a

voucher specimen (GER 3928) was deposited at tfienGilerbarium of the University.

Animals

Adult rats of Wistar strain (158.6 + 33.18 g) wersed for the study. They were obtained
from the animal house of the Agricultural and RubBvelopment Research Institute,
University of Fort Hare. They were kept in rat cagend fed on commercial rat pellets
(EPOL Feeds, South Africa Ltd.) and allowed freeess to fresh watead libitum. The

project was approved by the Ethics Committee athihigersity of Fort Hare.

Chemicals

The assay kits for albumin, bilirubin, total pratealkaline phosphatase, gamma glutamyl
transferase, alanine and aspartate aminotrans$angse obtained from Roche Diagnostic
GmbH, Mannhein, Germany. Ethanol was purchased EoMerck, Darmstadt, Germany.
1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2’-azinokisethylbenzothiazoline-6-sulfonic acid
(ABTS), potassium ferricyanide, catechin, butylatgdroxytoluene (BHT), ascorbic acid,
catechin, tannic acid, quercetin and Ref#re purchased from Sigma Chemical Co. (St.
Louis, MO, USA), vanillin from BDH chemicals LtdP6ole, England), Folin-Ciocalteus’s
phenol reagent and sodium carbonate were from Méheknical supplies (Damstadt,
Germany). All other reagents used were of analyjade and were supplied by Merck

Chemicals (Pty) Ltd., Bellville, South Africa.

Prepar ation of aqueous extr act

The roots ofP. reniforme were air-dried at room temperature for seven daye dried
material was then comminuted into coarse powderguie Waring commercial laboratory

blender. The powder (100 g) was extracted in 10Q0afndistilled water for 48 h on an
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orbital shaker (Stuart Scientific Orbital ShakerK)U The extract was filtered using a
Buchner funnel and Whatman no. 1 filter paper. Tesulting filtrate was freeze-dried
(Savant Refrigerated Vapour Trap, RV T41404, USApive a yield of 6.15 g. This was

reconstituted separately in distilled water to give required doses used in this study.
In vitro assays

Deter mination of total phenolics

The total phenolic content of the extract was aeteed by the modified Folin-Ciocalteu
method (Wolfe et al., 2003). The extract (1 mg/mias mixed with 5 mL Folin-Ciocalteu
reagent (previously diluted with water 1:10 v/ividahmL (75 g/L) of sodium carbonate. The
mixture was vortexed for 15 sec and allowed todsfan 30 min at 4%C for color
development. Absorbance was then measured at 76isimg the Hewlett Packard UV-VIS
spectrophotometer. Samples of extract were evalata final concentration of 1 mg/mL.
Total phenolic content was expressed as mg/g tammtcequivalent using the following
equation based on the calibration curve: y = 0.%2R8 = 0.9365, where x was the

absorbance and y was the tannic acid equivalenfgmg
Deter mination of total flavonols

Total flavonol was estimated using the method ofniétan and Karunakaran (2007). To

2 mL of sample (standard), 2 mL of 2% Ad@thanol and 3 mL (50 g/L) sodium acetate
solutions were added. The absorbance at 440 nmeadsafter 2.5 h at 20. Extract

samples were evaluated at a final concentratidnrofg/mL. Total flavonoid content was
calculated as quercetin (mg/g) using the follonaggation based on the calibration curve: y

= 0.0255x, R=0.9812, where x was the absorbance and y wagureetin equivalent

(mg/Qg).
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Deter mination of total proanthocyanidins

The procedure reported by Sun et al. (1998) wad tesdetermine the total
proanthocyanidin. A volume of 0.5 mL of 0.1 mg/mttract solution was mixed with 3 mL
of 4% vanillin-methanol solution and 1.5 mL hydrtmic acid; the mixture was allowed to
stand for 15 min. The absorbance was measuredatrBOExtract was evaluated at a final
concentration of 0.1 mg/mL. Total proanthocyanictimtent were expressed as catechin
equivalents (mg/g) using the following equationdzhen the calibration curve: y = 0.5825x,

R? = 0.9277, where x was the absorbance and y isateehin equivalent (mg/g).
Deter mination of total flavonoids

Total flavonoid contents were determined usingntteghod of Ordonez et al. (2006). A
volume of 0.5 mL of 2% AlGlethanol solution was added to 0.5 mL of sampletiwi.

After one hour at room temperature, the absorbamsemeasured at 420 nm. A yellow color
indicated the presence of flavonoids. Extract sasplere evaluated at a final concentration
of 1 mg/mL. Total flavonoid content was calculassdquercetin (mg/g), using the following
equation based on the calibration curve: y = 0.088x% 0.9812, where x was the absorbance

and was the quercetin equivalent (mg/qg).
ABT Sradical scavenging assay

The method of Re et al. (1999) was adopted forAB&S radical scavenging assay. The
stock solution which was allowed to stand in thekdar 16 h at room temperature contained
equal volumes of 7 mM ABTS salt and 2.4 mM potasspersulfate. The resultant ABTS

solution was diluted with methanol until an absod® of about 0.70 + 0.01 at 734 nm was
reached. Varying concentrations of the plant exdrét mL) was reacted with 1 mL of the

ABTS™ solution and the absorbance taken at 734 nm batwB& min using the
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spectrophotometer. The ABTSscavenging capacity of the extract was compared thit

of BHT and rutin and the percentage inhibition oédted as:

ABTS radical scavenging activity (%) = [(ARSol - AbSsampid]/ (AbScontro] X 100 where
Abscontrol Was the absorbance of ABTS radical + methanol;sARgwas the absorbance of

ABTS radical + sample extract /standard.
DPPH radical scavenging assay

The effect of extracts on DPPH radical was estichatgng the method of Liyana-Pathirana
and Shahidi (2005). A solution of DPPH (0.135 mM&)methanol was prepared and 1 mL of
this solution was mixed with 1 mL of varying contations of the methanol extract. The
reaction mixture was vortex thoroughly and lefthe dark at room temperature for 30 min.
The absorbance of the mixture was measured at Bilidsing rutin and BHT as references.

The ability to scavenge DPPH radical was calculated

(%) DPPH radical scavenging activity = [(AbSol - AbSsampid]/(AbScontron] X 100 where
Abscontrol Was the absorbance of DPPH radical + methanolsfhswas the absorbance of

DPPH radical + sample extract /standard

Deter mination of ferric reducing power

The ferric reducing potential of the extract wasaged as described by Duh et al. (1999).
The different concentrations of the extract and stendards, rutin and BHT (0.025 - 0.5
mg/mL; 1 mL) were mixed with phosphate buffer (&g, 0.2 M, pH 6.6) and potassium
ferricyanide [KFe(CN})] (2.5 mL, 1 % wi/v). The mixture was incubated @tG for 20 min.
2.5 mL of TCA (10% w/v) was added to the mixturdiielhh was then centrifuged for 10 min

at 1000 rpm. The upper layer of the solution (215 mas mixed with 2.5 mL distilled water
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and 0.5 mL 0.1% w/v Fegl The absorbance was measured at 700 nm in a
spectrophotometer. Higher absorbance of the reacticxture indicated greater reducing

power. BHT and Vitamin C were used as standards.

Alcohol-induced hepatotoxicity studies

The animals were randomly divided into 10 groups;hecomprising six and were orally

administered as follows:

- Group 1 (alcohol control) received 0.5 mL of 20%aetol (5 g/kg body weight)

(Faremi et al., 2008).

- Group 2 (normal control) received 0.5 mL of distillwater.

- Groups 3, 4 and 5 received aqueous extraBt oéniforme at 50, 100 and 200 mg/kg

respectively 2 h before administration of 20% ethan

- Groups 6, 7 and 8 received aqueous extrabt oéniforme at 50, 100 and 200 mg/kg

respectively 2 h after administration of 20% etHano

- Group 9 (positive control) received silymarin, treown hepatoprotective compound
(Sigma Chemical Company, USA) at 25 mg/kg, 2 rhoteeadministration of 20%

ethanol

- Group 10 (positive control) received silymarin (28/kg) 2 h after administration of

20% ethanol.

The administration was done repeatedly on a dadlgis for three weeks using metal
oropharyngeal cannula. All rats from each groupevgarcrificed 24 h after their respective 21

daily doses. Blood samples were collected for eatalg the biochemical parameters. The
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study was carried out following the approval frdme Ethical Committee on Animal Use and

Care of the University of Fort Hare, South Africa.
Biochemical estimations

The activities of serum aspartate aminotransfel@®T) and alanine aminotransferase
(ALT) were assayed by the method of Reitman andkaix(1957). Serum bilirubin level was
estimated by the method of Malloy and Evelyn (193@rum total protein, albumin and
globulin levels were estimated by Biuret method ifReld, 1953). Gamma glutamyl
transferase (GGT) and alkaline phosphatase (AL®itaes were determined by the method

of Rosalki and Rau (1972).

Statistical analysis

The data for the various biochemical parametersevaralyzed by one way analysis of
variance (ANOVA) followed by Studentistest using SASP-values <0.05 were considered
statistically significant. The experimental resuits the in vitro assays were expressed as

mean * standard deviation of three replicates.

Results

The aqueous extract ¢f. reniforme root was characterized by the presence of phenolic
compounds. The levels of these compounds are slwiable 1. The plant extract has a
high level of total phenols (300.9 + 0.1 mg tana@@d/g extract) and a low level of total
flavonols (12.13 + 0.01 mg quercetin/g extract)e Tiant extract also exhibited a significant
inhibition of DPPH* and ABTS* radicals in a dose dependent manner (figures 12nd
Significant DPPH* and ABTS* radical scavenging activity was evident at all thsted

concentrations of the extract and compared wellhwihe standards - butylated
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hydroxytoluene (BHT) and rutin. As illustrated iigdre 3, F&" was transformed to Eein
the presence of the plant extract and the referencepounds, BHT and Vitamin C, to
measure the reductive capability. The results atéid that the reductive capability of the
plant extract was dose dependent. At 0.5 mg/mlabis®rbance was 1.48 while those of BHT

and Vitamin C were 1.97 and 2.6 respectively.

Table 2 shows the effect of pre-treatment anst-freatment ofP. reniforme extract on
alcohol induced liver damage based on the actsvibesome liver marker enzymes (ALT,
AST, ALP and GGT), and levels of total, conjugated! unconjugated bilirubin. Animals in
group 1 (alcohol only) developed hepatic damagemnwd@npared with animals in group 2
(distilled water only). This was evidenced by angiigant elevation in the levels of the
hepatic enzyme markers studied. Pre-treatmenteofitiimals with three different doses of
the plant extract before alcohol administratioro(grs 3, 4 and 5) ensured protection of the
liver as shown by the significant decrease in theels of all the hepatic enzyme markers
studied. The effects of post treatmentRofreniforme extract after alcohol administration
(groups 6, 7 and 8) showed that the plant can exrhtovery from tissue damage as shown
by the significant decrease in levels of the limearker enzymes under consideration. The
levels of total and conjugated bilirubin are alemd indices for hepatotoxicity. The levels of
total and unconjugated bilirubin increased sigaifity in group 1 in comparison with group
2 which is an evidence of hepatic damage whilediuced significantly in both the pre and
post treated groups. Also, the levels of conjudjdigérubin reduced significantly in group 1,
while a significant increase was observed in teatad groups. The effects of pre-treatment
and post-treatment with silymarin, a known hepaitgmtive compound (groups 9 and 10),
on all parameters are also shown in Table 2. Theitées of the liver marker enzymes and

the levels of total and unconjugated bilirubin weeduced significantly while a significant
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increase was observed in the level of conjugatidiibin, in all groups treated with silymarin

and this compares well with the results obtainedHe plant extracts.

The levels of serum total protein decreasedifsigntly in ethanol alone-fed rats compared
with those in control animals (Table 3). There veasimprovement in the levels of these
proteins in rats pre-treated and post-treated thighplant extract (groups 3-8). However, no
significant changes were observed in the levelallmimin and globulin, though their levels
increased slightly in the normal control and trdageoups in comparison with the alcohol
control group. The results obtained from the tre@aaimals also compares well with that
obtained from animals treated with silymarin (gre@and 10), as a significant increase in

the levels of the serum total proteins was als@oiesl.

Discussion

There is increasing evidence that oxidative stpdags a vital role in the pathogenesis of
alcohol liver disease (Lindros, 1995; Zima et @001). Alcohol-induced hepatic tissue

damage is mediated by acetaldehyde and reactivgeoxgpecies (Zima et al., 2001). The
removal and neutralization of these noxious toxaétaholites are considered to be vital initial

steps in the prevention of alcohol-related livesedises (Ozaras et al., 2003).

In the present study, we found that the aqueooisextract ofP. reniforme had significant
antioxidant activity. The extract was able to scayeeDPPH* and ABTS*free radicals in a
concentration dependent manner. It was also obddovhave a significant level of phenolic
compounds which are very important because of fie@ radical scavenging ability due to
their hydroxyl groups (Hatano et al., 1989). Ph&soare the major plant compounds with
antioxidant activity. This activity is believed b@ mainly due to their redox properties, which

play an important role in adsorbing and neutragziree radicals, quenching singlet and
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triplet oxygen, or decomposing peroxides (Zheng &ngy, 2001). Flavonoids are included
among the several phenolic compounds present iadbeous root extracts of the plant. The
hydrogen donating substituents (hydroxyl grouptcaied to the aromatic ring structures of
flavonoids, enable them to undergo a redox readtibich in turn, helps them scavenge free
radicals (Brand-Williams et al., 1995). In additiothe plant extract showed very good
reducing capacity, which may also serve as a sagmif indicator of its potential antioxidant
activity (Hazra et al., 2008). The observed antexit property oP. reniforme may enable it
mop up noxious toxic metabolites released whenhalcis abused and this may explain the
observed protection of the liver cells from damagel the improvement in the functional

status of the cells after damage.

Excess alcohol consumption has been linked witkredt liver metabolism and liver
damage, with leakage of cytoplasmic liver enzynmts the blood (James, 1993). AST and
ALT are considered among the most sensitive markhepatocellular injury. ALP, which
is secreted from the lysosomes, is also a markamea for assessing liver damage (Singha et
al., 2007). When the integrity of the lysosomal rbemme changes and/or the membrane of
the lysosome is ruptured by deleterious influendks acid hydrolase enters the blood
stream, producing transient increase in the agtofittysosomal enzymes in the serum. GGT
index has been reported high in alcoholic livered® and measurement of GGT has been
claimed to be an extremely sensitive test and maokeethanol-induced hepatic damage
(Sandhir & Gill, 1999). The increased levels ofsa@nzymes (AST, ALT ALP and GGT) in
the serum have been observed in alcohol administeaés, which indicate increased
permeability, damage and necrosis of hepatocyteédf@rg & Watts, 1965). Pretreatment
with the extract oP. reniforme significantly decreased levels of serum enzymekarar thus

suggesting that the extract possessed compoundgsrttacted the hepatocytes from alcohol-
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induced liver injury and subsequent leakage ofgheymes into the circulation. Decreased
levels of the enzyme markers in the post-treatesumgrcompared to control were an

indication that the extract also possessed a weratfect.

Serum bilirubin is one of the most sensitivetdemmployed in the diagnosis of hepatic
diseases. It provides useful information on how wd liver is functioning (Saravanan et al.,
2006). Bilirubin, a chemical breakdown product oénfoglobin, is conjugated with
glucuronic acid in hepatocytes to increase its watlubility. Unconjugated
hyperbilirubinemia was observed in alcohol-fed ratdich may be as a result of mass
inhibition of the conjugation reaction and releaseunconjugated bilirubin from damaged
and dead hepatocytes. Decrease in serum bilirdt@nteeatment withP. reniforme indicated

the effectiveness of the drug in the maintenanaeaial functional status of the liver.

Hypoalbuminaemia is most frequent in the presesfcadvanced chronic liver diseases.
Hence the decline in total protein content can bentkd useful index of the severity of
cellular dysfunction in chronic liver diseases. Towered level of total proteins recorded in
alcohol-treated rats reveals the severity of hguaty. Stabilization of serum protein levels
in the pre and post-treatment groups administerad ®. reniforme is further a clear

indication of the improvement of the functionaltataof the liver cells.

Conclusion

On the basis of the results obtained in the prestrty, it is concluded that the aqueous
extract of the roots ofelargonium reniforme, which contains significant amounts of
phenolic compounds, exhibits high antioxidant amee fradical scavenging activities. It also
has a very good reducing power. Thésevitro assays indicate that this plant extract is a

significant source of natural antioxidants whichghti be helpful in removing and
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neutralizing noxious toxic metabolites released nwiaécohol is abused. Also, the results
show that the plant extract has protective and timgraeffects on alcohol-induced liver

damage as it restored the liver marker enzymesirsbilirubin and protein to normal levels.

The potency oP. reniforme root extract compares well with silymarin with pest to the
hepatic markers observed. Multiple mechanisms m#grplay in its protective and curative
effects on the liver. Hence, it merits further depenent for exploiting it as a therapeutic

agent.
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Table 1: Polyphenolic contents of the aqueous egtact ofP. reniforme

Phenolic compounds P. reniforme root extract

Total Phendl 300.9+0.1

Total Flavonoid 16.6 +0.1

Total Flavondi 12.13 +0.01

Total Proanthocyanidin 271.3+0.2
(n=3,X+S.D.).

®Expressed as mg tannic acid/g of dry plant material
PExpressed as mg quercetin/g of dry plant material.
“Expressed as mg quercetin/g of dry plant material.

dExpressed as mg catechin/g of dry plant material.
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Table 2: Effect of aqueous extractRfreniforme roots on hepatic markers in the serum of contidlethanol-administered rats

Groups AST (U/L) ALT (U/L) ALP (U/L) GGT (U/L) Total bilirubin | Unconjugated | Conjugated
(umol/1) bilirubin (umol/l} bilirubin (umol/l
Group 1 356 +0 66.5+19.21 |3945%5 9.25+1.5 11.5+5.2 10.5+5.2 1+0
Group 2 117 = 26 42.75+6.9 309 + @ 7 +1.8%° 575+1.8 3.25+ 1.8 2.5+0.58
Group 3 140.75 +12.%9° | 60.75+5.2%8 | 211 +76.8%° | 7.75+0.9¢ 8+2.18 6.75+2.4 1.25 + 0.8
Group 4 141.75 + 10.2° | 55.25 + 4.8 | 260 + 41.7" 7.25+1.7% 7.75+2.78 6+0.6 1.75 + 1.8%
Group 5 145 + 8.98" 54.75 + 4.3%¢ | 244.75+63.8°| 6 + 1.1% 7+1.47 55+0.6 1.5 + 0.58%
Group 6 123.75+ 7.8 | 62.75+15.11 | 285.5 + 4% 7.67 + 0.58 7.25+3.8 525+1.9 2 +1.40%
Group 7 134.5£12.0% | 58.75+5.28 | 285.75+82.% |85+ F 6.75+0.8 55+2.7 1.25 £ 0.5
Group 8 126 +19.38 | 54.5 +10.28 | 240 +77.1%° | 7.25+ 0.9¢ 7+1.47 5.33+1.29 1.67 +1.18%
Group 9 159.25 + 25.73| 47.25 + 8.8 174 +86.12 |7.5+3° 7.5+0.58 5.25+0 2.25 + 1.26°
Group 10 141.75 + 10°% | 56.25 + 6.8 | 272 + 9.2% 55+7F 7.25+0.8 6 +0.98 1.25+ 0.5

Values are expressed as means = S.D. for sixir&adh group. Values not sharing a common supptsitifier significantly at p < 0.05

AST- Aspartate aminotransferase; ALT- Alanine anaosferase; ALP- Alkaline phosphatase; GGT- Garglueamyl transferase
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Table 3: Effect of aqueous extractRfreniforme roots on the serum protein components of control

and ethanol-administered rats.

Groups Total proteins (g/l) Albumin (g/l) Globul{g/l)
Group 1 71+0 18 + G 53 + 07
Group 2 73.25+1% 195+ ¢ 53.75 + 2.08°
Group 3 76.25+6% 19 +2.16 57.25 +5.9%
Group 4 79 + 3.56 20 +1.18 59 + 3.16
Group 5 77.25+2.36 19 +4.83 58.25 + 2.63
Group 6 76.5+5.92 205+ 7 56 + 5.3%°
Group 7 74.5+5.76 20 +0.82 54.5 + 4.5%°
Group 8 74+ 4.2% 18.75 + 2.38 55.25 + 2.8°
Group 9 75+ 2.45 20 +3.16 56.75 + 1.5°
Group 10 75.75 + 3.39 19 +1.18 55.75 + 3.59

Values are expressed as means + S.D. for sixr&aah group. Values not sharing a common

superscript differ significantly at p < 0.05
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Figure 1: DPPH radical scavenging activity of tigg@ous extract d®. reniforme roots
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Figure 2: ABTS radical scavenging activity of thguaous extract d®. reniforme roots
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Figure 3: Total ferric reductive potahf the aqueous extract Bf reniforme roots
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