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ABSTRACT

The present study was aimed at investigating thgoghemical bioactive compounds of the ethanoltcaek of
leaves of Centella asiatica (Family: Mackinlayaceasd its antioxidative, AChE inhibitory and aniabetic
activity which may ultimately lead to the findin§ more effective agent for the treatment and mamesge of
Alzheimer Disease and Diabetes. For this purpos$sitqthemical screening was done by variety of nustho
Antioxidant activity was assessed by using thediphenyl-2-picryl hydrazyl (DPPH) scavenging assayd
measuring Super oxide radical scavenging activAyti-Alzheimer activity was assayed by quantifyawptyl
cholinesterase (AChE) and butyrylcholinesterase (BICenzyme and Antidiabetic activity was investigaby
measuring glucose in alloxan induced diabetic rahere were presence of alkaloids, glycosides, &tero
flavonoids, tannins and reducing sugars; 50% scgiran (IC50) of DPPH and Superoxide were 40.4 anl.3D
pg/ml respectively; IC50 of AChE and BChE were a0 226 pg/ml respectively; Alloxan induced rat Ba$%,
38.8% and 29.9% reduction of blood glucose leveBit hours after ingestion of 250mg/kg, 500mg/kg an
1000mg/kg of C. asiatica leaves extract respegtiv@! asiatica was also tested for acute toxicibhere no death or
signs of toxicity even at the dose of 3000 mg/kgitis1 was observed. The results of conducted stenBaled that,
the presence of the bioactive compounds, some ichvgossess an ideal structure for the scavenginfree
radicals, could be responsible for the versatiledinimal properties of this plant including signifiot Antioxidant,
Anti-Alzheimer and Antidiabetic activities.

Keywords: Centella asiaticaPhytochemical screening, Antimicrobial activitidstioxidant activity, Anti-
Alzheimer activity and Anti-diabetic activity.
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INTRODUCTION

Centella Asiatigsynonym: Hydrocotyle asiatica L.), belonging te family of Mackinlayaceae is native to most of
the countries of Asia. Being herbaceous, it costatems which are long, filiform and prostrate witimg
internodes containing roots, 1-5 leaves per nodielwlare 50-350cm in radius, reniformed, deeply atedlong
petioled and oval or orbicular in shape, 3-6 srfialwers which are purple to white-green in colodare arranged
in umbels arising from the axils of the leaves [L]grows well in both tropical and sub-tropicalucdries. It is a
popular herb that is either consumed fresh, orgesed into tea or juice.

The plant has been claimed to exert various phygichl effects and is traditionally used for vasoailments
including wound healing, bronchitis, asthma, diebekidney troubles, urethritis, liver complairdfiergy, cancer,
diuretic, and hypertension and to improve mentditglj2]. In ulcer, depression and venomous ingiéncy

Centella Asiatids a potent drug [3, 4]. The plant is also foundniprove the general behavior and mental ability o
retarded children [5]. The anti-diabetic properfyCo asiaticahas been known to the ancient people of Bangladesh
for centuries that are following Ayurvedic systefmtedicine. Although the plant is being long use@ur country,

a very few chemical and pharmacological study anektract of this plant has been done in Bangladiésiow.
The search for the phytochemical bioactive compeuiidm medicinal plant is always an alternative me#
finding new drugs. Phytochemical screeningCofasiaticawill lead to the rationalization of the use ofghilant in
various diseases as mentioned and will also leathdodiscovery of specific causative compound whielve
effective treatment roles in against specific dsesq6].

Alzheimer’s disease (AD) is a progressive neurodegive disorder which has the characteristic ufest of
memory impairment, cognitive dysfunction, behavibsturbances and deficits in activities of dailyidig [7].
Although the etiology of the disease is still nary clearly known there are two major hypotheseschvh
inadequately explain the molecular mechanism of ABmely: the cholinergic hypothesisand the amyt@idcade
hypothesis [8]. The cognitive dysfunction in ADsigpposed to be a result of degeneration of chgliogreurons in
the basal forebrain and associated loss of chdiin@eurotransmission in cerebral cortex and sotiner@reas [9].

The enzyme acetyl cholinesterase (AChE) and butlofinesterase (BChE) play an important role in the
cholinergic deficit through enhanced degradatiothef neurotransmitter acetylcholine (ACh). So, iosincases to
improve neurotransmission and to alleviate chotjieedeficit, the focus is mainly on acetylcholirerstse (AChE)
and butylcholinesterase (BChE) [10]. According e tamyloid cascade hypothesis, AD is associatetl thi¢
accumulation of-amyloid (AB) fibrils and senile plaque in the brain parenchyBeveral studies have reported that
increased oxidative stress has a potential rol¢hén inflammatory processes that eventually leadhw® lipid
peroxidation and formation of JA[11]. Many studies have shown that increased le¥dtee radicals and reactive
oxygen species induced the degeneration of nelfidhsl3 & 14]. Antioxidants can scavenge free ralticand
ROS and can also attenuate inflammation pathwagsicél antioxidants may be useful in the protecfiom
neurodegeneration in AD. Although in some previsugly [15]. the effect of C. asiatica extract oa Af levels in
hippocampus of AD animal model was observed noyshas yet been done on its cholinesterase (ChE#)itory
effect.

Diabetes mellitus is a metabolic disease charaetrby high blood glucose levels due to absoluteetative
deficiency of circulatory insulin levels [16]. el an sdverse effect on carbohydrate, lipid antepronetabolism
resulting in chronic hyperglycemia and abnormadityipid profile. These lead to series of secondasynplications
including polyurea, polyphasia, ketosis, retinopats well as cardiovascular disorder [17]. The algeis a major
degenerative ailment in the world today, affectaideast 15 million people [18]. Currentlly availaliherapy for
diabetes includes insulin and various oral hypogtyic agents such as sulfonylureas, metformin, glidesae
inhibitors, troglitazone, etc. But these are reprto produce serious adverse side effects sudikesigproblems,
lactic acidosis and diarrhea [19]. In addition tteeg not suitable for use during pregnancy. Morer omcreased
oxidative stress and generation of excessive faghicals in diabetic patients are thought to be dtielogy of
chronic diabetic complications [20]. Increased teacoxygen species and oxidative stress are obdervtype-1
and type-2 diabetes mellitus in some studies [BEfkides, in diabetes glucose autoxidation, polathway and
non-enzymatic glycation of proteins lead to irregulormation of free radical [22]. This increasedef radical
generation along with declined antioxidant defemsgstem may damage enzymes, cellular organellei] lip
peroxidation and further diabetic abnormalities][Z3, if any medicinal plant can work as a potrgintioxidant
together with having anti-diabetic property therduld prevent or reduce diabetic complication meffectively
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than the conventionally used anti-diabetic drughéligh many anti-diabetic drug has already availaifiich have
been commercially used by diabetic people but radrieese have the dual property of reducing bloodase level
and scavenging free radicals. Moreover the sideceffand cost of the drugs are not affordablelfor a

Therefore, the present study was designed to iigatstthe compounds of the ethanolic extradt oésiaticaand its
antioxidative, AChE inhibitory and anti-diabetictiaity which may lead to the finding of more effea agent for
the treatment and management of AD and Diabetesedaietd other disorders.

MATERIALS AND METHODS

2.1 Collection and Identification of plant materiak
Fresh leaves df. asiaticawere collected from Savar, Dhaka, Bangladesh lyy 2011 and the plant samples were
identified and authenticated by Bangladesh Natisteabarium with accession number DACB 33537.

2.2 Preparation of plant extract

The leaves were washed with distilled water withegiieezing to remove debris and dust particleeddat room
temperature and pulverized into a coarse matefiabout 1 mm in diameter. Pulverized powdered lsgie2 kg)
of the plant were macerated with 6.0 and 5.0 L tbfaeol, respectively at room temperature for 15sdajth

occasional shaking. The ethanolic extracts of leavere collected, filtered by cotton plug followky whatman
filter paper (no. 1) and evaporated to dryness @afnder reduced pressure by rotary evaporator. ofit@ined
crude extract was stored in a refrigerator at 4A@ time of use. The percentage yield of the eottk@as calculated
using the formula below:

% yield= (weight of the extract/ weight of plant teal) x100

2.3 Photochemical Screening

For preliminary phytochemical analysis the frespigpared crude ethanolic extracts of leaves westedefor the
presence or absence of phytoconstituents suchdasing sugar, tannins, flavonoids, saponins, gustespids and
alkaloids by using standard phytochemical procesig].

2.4 Evaluation of antioxidant activity

2.4.1 DPPH radical scavenging activity

The free radical scavenging activities of the ettianextracts of leaves of the plant on the stabldical 1, 1-
diphenyl-2-picrylhydrazyl (DPPH) were estimatedtbg method of Brand-Williams [25].

Inhibitions were calculated by using the followieguation:

% inhibition = [1- (ABSampie/ ABSconto)] X 100 ---- )

Where ABS.nior IS the absorbance of the control reaction (coirtgirall reagents except the test material) and
ABSsampie i the absorbance of the sample material. Theweeperinhibitions were plotted against respective
concentrations. 1€ values were calculated as the concentration df sample required to give 50% DPPH radical
scavenging activity from the graph. Tert-butyl-3dhoxytoluene (BHT) and Ascorbic acid were usecpasitive
control. The experiment was performed thrice amdrédsult was expressed as MeantStandard Error ahN&EM)

in every case.

2.4.2 Super oxide radical scavenging activity

The super oxide radical scavenging activity wasyged by the nitro blue tetrasolium reduction metkddch is
based on the capacity of the sample to inhibit Bhrenazan formation by scavenging the superoxidiceds
generated in Hydroxylamine-sodium carbonate-EDTAINgstem. 1 mL of 50 mM sodium carbonate, 0.4 mL of
24 uM nitroblue tetrazolium and 0.2 mL of 0.1 mM EDTAere taken in a test tube. Then 1000f plant extract
(conc. ranging from 1000pg/mL to 7.513ug/mL) was added to the test tube. Reaction wamied by adding 0.4
mL of 1 mM hydroxylamine hydrochloride. The reaatimixture was incubated for 5 min at ambient terapee
and then the absorbance at 562 nm was measuratstgaiappropriate blank to determine the quanfifprmazan
generated. The percentage inhibition of superosd®n generation (I %) was calculated by formula The
experiment was performed thrice and the resultexpsessed as mean+SEM in every case.
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2.5 Evaluation of ChEs enzyme activity

The inhibitory activities of were measured in vitby Ellman method [26]. Then the product formatiwas
calculated for each AchE and BchE concentratiore Tancentration of the extract that inhibited 50£4AchE
activity [IC50] was estimated by method describgdAthomida et al. [27]. The method was performedplntting
% activity and % inhibition of AchE or BchE versestract [inhibitor] concentration on the same graphe
concentration at the intersection of these two esiwas the 1C50 value.

2.6 Experimental animals

Adult Wister albino rats of both sexes weighingwesdn 150-200 g were used for the experiments. Tiraads
were procured from the animal resource branch ¢érihational Center for Diarrheal Disease and Rebear
Bangladesh (ICDDR, B). The animals were housed rscpge (polypropylene cage) in a temperature ctetro
room (25 +1° C), with a light/ dark cycle of 12 h. For a weeKdwing their receipt, the animals were allowedefre
access to standard rat chow diet (ICDDR, B fornaalpand fresh watexd libitumwhile they were acclimatizing to
the environment. During the experiment all the tetd free access to standard rat chow and wasdirtahes unless
otherwise stated in the method section. At thet sthithe experiment, animals were randomly disteuso that
body weight, initial total glucose and total chtégel and other parameters were similar in all ¢xperimental
groups. The design and performance of researcly studlving rats have been approved by the instinal ethical
review committee through the submission of a reseprotocol before the study.

2.7 Acute toxicity test
Acute toxicity was done by following the methodLairke [28].

2.8 Anti-diabetic study

Alloxan monohydrate solution of 10 mg/ml was preghin ice-cold citrate buffer (0.1M); pH of the ia&s kept at
4.5 and was administered to the rats within 5 naina dose of 50 mg/kg bodyweight intraperitonialije fasting
blood sugar levels of each of the rats were cheekedy day with an autoanlyzer (Glucometer, Biol&d23 S)
glucose kit. After 8 days, animals with fasting ddosugar levels of 250 mg/dl and above were consii® be
diabetic and were used for the study and assigmtedfive groups of five rats each. Group | servedte negative
control and received tween 80 solution (solventusedissolve the extract) (10 ml/kg), group ll-i&teived theC.
asiaticaextract at the dose of 250, 500 and 1000 mg/kgexa/ely while group V served as the positive coint
and received the standard reference drug glibendé&a(2 mg/kg) all by gastric gavage. The blood ghelevels of
the rats were measured at 0, 1, 2 and 3 h afteinétration of drug and extracts. Blood sampleseneollected by
tail snip and the blood glucose measured with dnamalyzer (Glucometer, Bioland G-423 S) glucoge Ad the
end of the experiment percentage reduction of theoge levels of the rats at th€ Bour was calculated using the
formula below:

% reduction in glucose level= {(vV,)/ Vo} x100
Where \b=value at zero hour and¥value at subsequent hours.
2.8 Statistical analysis
Results were presented as meantStandard Error af MBEM) and the statistical analysis was donegusite way
analysis of variance (ANOVA). A p-value of p < 0.84as considered to be statistically significant.

RESULTS

3.1 Plant extraction
The yield of the ethanolic leaf extract©f asiaticawas 6.87% (w/w) dry matter and was greenish inwolo

3.2 Phytochemical screening
Phytochemical screening of the leaf extract€ oésiaticaconfirmed the presence of alkaloids, glycosidesogds,
flavonoids, tannins and reducing sugars (Table 1).
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Table 1. Phytochemical screening of the leaf extrésof C. asiatica

Serial No. Chemical Constituent: Test Extract Resul
1. Test for Reducing Sugdr Benedict's Test ECA | +
Fehling’s Test ECA | +
Alpha Napthol Solution Tesf ECA | +
2. Test for Tannins Ferric Chloride Te: ECA +
Potassium dichroate Tes ECA +
3. Test for Flavonoids Hydrochloric Acid Test ECA| +
4. Test for Saponins Foam Test ECA -
5. Test for Gums Molisch Test ECA| -
6. Test for Steroids Libermann-Burchard Test ECA | +
Sulphuric acid Te ECA +
7. Test for Alkaloids Mayer's Test ECA | +
Wagner's Test ECA | +
Dragendroff's Test ECA | +
Hager's Test ECA | +

+ Present; Absent, ECA: Ethanolic Extract of leaves of C. tséa

3.3 In vitro antioxidant activity

The antioxidant activity of the ethanolic extradt ©. asiaticawas measured on the basis of its DPPH and
superoxide radical scavenging activity. The conegiun of the plant extract needed for 50% scavangiCsg) of
DPPH and superoxide was found to be 40.4 and 1Q8387l respectively. Two positive controls weredssButyl
hydroxyl toluene (BHT) and Ascorbic acid ( AS) fehich the 1G, values were found to be 16.34 and 5.0 pg/ml for
BHT and 65.03 and 99.66 pg/ml for Ascorbic acid \A&spectively. The results were shown in Table 2.

Table 2. In-vitro antioxidant activity of Ethanolic Extract of leaves (ECA) ofC. asiatica

Extract/ Compound  Antioxidant activity (4eug/mL)®

DPPH assay] Superoxide radical assay
ECA 40.4+3.42 109.57+0.65
BHT® 16.3420.40 | 65.03+.67
AS® 5.0+0.004 99.66+1.82

3yalues are expressed as mean+SEM. in three repliciiositive control used. DPPH = 1, 1-diphenyl-2-pibgydrazyl ECA= Ethanolic Extract
of leaves of C. asiatica; BHT= Butyl hydroxyl tahee AS= Ascorbic acid

3.4 In vitro ChEs enzyme activity
The ethanolic extract df. asiaticaleaves showed significant AChE and BChE inhibiteffects. The results are
shown in Table 3.

Table 3. Anticholinesterase activity of the ethanat extract of C. asiatica leaves

Sample AChE? ICs(ng/ml)  BChE® ICs(ng/ml)
Ethanol extract ;70 41 2264t 2.3
Eserine 0.024+0.01° 0.04+0.03

ICso values are mean+SEM (n=3)p<0.05 when compared between the sample and theokdtAChE= acetylcholinesteras@BChE=
Butylcholinesterase

3.5 Acute toxicity test
The acute toxicity in rats produced no death onssigf toxicity even at the highest dose of theaett(3000 mg/kg).

3.6 Anti-diabetic study
The result of the effect &. asiaticaon the fasting blood glucose levels of alloxandiced diabetic rats is presented
in Table 4. Effect ofC. asiaticaon the fasting blood glucose level of alloxan-ioed diabetic rats.
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Fasting blood glucose level (mg/ml) % reduction at|
Group Treatment on ih 2h 3h__ atthe 3 hour
| Alloxan+ Tween80 (1%) 390.045.7 395+6.2 3922455 393.74¢55 -
I Alloxan+ ECA(250mg/kg) 335.6+5.9 217+4.3 265.2+4.9 226.2+3.4 32.6
I} Alloxan+ ECA (500mg/kg) 409.24577 377.6+4.2 354.2+4.1 2504165 38.8
v Alloxan+ ECA (1000mg/kg) 340.2+¢5.0 298.6+4.4 268450  238.4+4.4 29.9
\% Alloxan+glibenclamide(5mg/kg) 318.2+1.8 168.8+1.4 116.0+0.7 102.6+1.3 67.75

ECA- ethanolic extract of leaves of C.asiafjpg0.05 when compared with the negative group.

The result showed that there is no significant geam the blood glucose levels of rats in groupdttreceived
tween 80 solutions (negative control). The ethanigaf extract ofC. asiaticain all the doses used including the
reference drug caused a time dependent and sigmifip < 0.05) reduction of the blood glucose Isvel the
alloxan-induced diabetic rats when compared tandgative control group with the extracts at theedasf 250, 500
and 1000 mg/kg. This decreased the blood glucosasldy 32.6%, 38.8% and 29.9% respectively at3th@our
while the reference drug (glibenclamide, 2 mg/kegréased the blood glucose levels by 67.75% &tteur.

Also the extract at the different test doses cawseidus degrees of reduction (29.9% - 38.8%) eflitood glucose
levels of the test rats af{12™ and 3" hours when compared to the negative control fE&ble 4). The highest
activity of C. asiaticaextract in this experiment was observed at thee dds500 mg/kg while the reference drug
glibenclamide (2 mg/kg) had a superior activity wlbempared witlC. asiaticaextract.

DISCUSSION

Phytochemical screening of the plant extract caordal the presence of several bioactive compoundsalikaloids,
flavonoids, tannins and steroids which could beaoesible for the versatile medicinal propertieshi$ plant.

The antioxidant activity exerted by the plant egtraas statistically significant. It supports pr@ys finding of the
antioxidant activity of the ethanolic extract ©f asiaticais due to the presence of substances with freeokyts
[29]. The presence of several phenolic constitusath as flavonoids, tannins etc. which possesdeat structure
for the scavenging of free radicals contributethtoanti-oxidant activity of the plant extract.

The present study demonstrated that Gheasiaticaextract could exhibit significant ChEs inhibitoeffect. By
inhibiting the enzyme AChEs and BChIEs asiatica might be able to increase the level of neurotrattem
acetylcholine and thus improve synaptic transmisgiothe AD brain. The anti-oxidant activity of tiant extract
also implicated its neuroprotective effect in ADdhigh the scavenging of reactive free radicals R@®b which
otherwise play important role in the formation elunofibrillary tangles and neurotic plaques [11]p#vious study
[14]. had already shown a reduction in fibrillar doid plaques by C. asiatica extract in AD animadel. By
acting through all these mechanisms C. asiatickldmeia very good anti-AD agent. Therefore, furtsieidy should
continue to isolate the causative chemical compsamd the precise and detailed underlying mechaafsagtion
of these compounds.

The acute toxicity test of. asiaticain rats produced no death or signs of toxicityreaethe dose of 3000 mg/kg
which shows that the extract was well tolerated thedest doses safe in the animals.

The antidiabetic activity of. asiaticawas evaluated in alloxan-induced diabetic ratselsying its effect on fasting
blood glucose level using autoanalyzer (Glucomd@aiand G-423 S) glucose kit. The fasting bloodautest is a
carbohydrate metabolic test which measures plasntdood glucose levels after a fast (usually 8—)20uring
fasting the body stimulates the release of the baemglucagon, which in turn releases glucose ihtokilood
through catabolic processes. Normally, the bodydpces and processes insulin to counteract theiriggucose
levels but in diabetes, this process does not caedrtested glucose levels normally remain higlox@n is one of
the usual substances used for induction of diabe&tus apart from streptozotocin and has a destre effect on
the betaf§) cells of the pancreas as previously reported.[B@hcreas is the primary organ involved in senslieg
organism'’s dietary and energetic states via gluammsgentration in the blood and in response toatéal/ blood
glucose, insulin is secreted. However, alloxan eaulabetes through its ability to destroy the lingoroducingf-
cells of the pancreas [31]. When there are not gin@vailable beta-cells to supply sufficient insuld meet the
needs of the body, insulin-dependent diabetestsesul

509
Scholars Research Library



Md. Ahsanul Haqueet al J. Nat. Prod. Plant Resour ., 2012, 2 (4):504-511

The result of the present study indicates thaethanolic leaf extract of Centella asiatica attds doses used and
the reference drug glibenclamide (2 mg/kg) exhibdaeime dependent significant (p < 0.05) reductibthe blood
glucose levels of the alloxan-induced diabetic veth different levels of percentage reductiontet 8rd hour when
compared to the negative control rats. The diffetest doses of the extract (250, 500 and 1000 ghgzused
various degrees of reduction of the blood glucesels of the test rats af'1 2™ and 3 hours while the blood
glucose levels of the negative control rats wheceeiased.

It is well documented that antidiabetic drugs tré@betes mellitus by lowering glucose levels ia tHood. The
result obtained from this preliminary study cleaslyows thaC. asiaticacaused marked hypoglycemic activity in
alloxan-induced diabetic rat model which indicaaesidiabetic potentials of the extract. In this esment, the dose
of the extract of 500 mg/kg produced the highesidabetic effect and this may suggest that thisedmay be the
effective antidiabetic dose of the crude extragrethough there might have some limitation duéédrude nature
of the extract.

The exact mechanism by which the plant extract tedi¢he blood glucose level is not yet clear baj.[attributed

the anti-hyperglycemic effects of medicinal platdsbe due to their ability to restore the functimihpancreatic
tissues by causing an increase in insulin outpat decrease in the intestinal absorption of gludGsasiaticamay

have worked through this mechanism or by stimuhatid surviving beta cells to release more insulist jlike

glibenclamide. Medicinal plants and herbal extractsitainingglycosides, flavonoids, tannins, etcvehdeen
reported to demonstrate antidiabetic activities].[3&nd our phytochemical stduy have shown tBatasiatica
contains all the above phytoconstituents. It isefege possible that the phytochemicals presettigrplant may be
responsible for the observed antidiabetic activity.

However, variations in the hypoglycemic activity thie different doses of extract may be tied to plossible
prooxidative activity of the extract at the congatibns shown. It should be noted that every
antioxidant/phytochemical is in fact a redox (refitut-oxidation) agent protecting against ROS geti@naand in
some circumstances promoting free radical/ROS lerst Excessive antioxidant action can adversdébctaome
physiological processes. It is known that somehesé phytochemicals in plants have balanced biciskrgni.e.
having a redox mixture of being in oxidized forndgmartly in a reduced form depending on concermnafB4].
This however, needs further investigation. It haerbreported that plant phytochemicals not onlyeddpon
individual levels but also on the ratios of variaumsmponents and their redox states [35]. It mighpbssible that
due to having dual property of anti-diabetic anticxidant activities this natural medicine can bettnanage the
diabetes and diabetes associated complicationshwsigally accompanied by increased oxidative sttéswever,
further study is required for the study of the efeon lipid profile, isolation and characterizatiaf the anti-diabetic
bioactive compound and the establishment of theterachanism(s) of action.

CONCLUSION

The specific compounds responsible for this antiamt, anti-alzheimer and antidiabetic are needdzbtiound and
further investigation by fractionation of the exttsiand then analysis for active compounds resplenir these
activities could be done in future. This might l¢adthe development of new drugs. On the otherhtnisl,study
support the traditional use of the plants for thegppses mention above.
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