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ABSTRACT

In the present investigation, we have used parasitic plant Dendrophthoe
falcata (grows on neem) to analyze phytochemicals and evaluated for in
vitro anti-diabetic activity using four different solvent extracts. The aque-

KEYWORDS
Dendrophthoe falcata;
Antidiabetic;
Phytochemicals.

ous and methanol extracts yielded saponins, alkaloids, flavonoids, phe-
nolic substances at higher concentration compared to other two extracts.
The aqueous and methanol extracts also strongly inhibited the important
diabetic enzymes (a-amylase, a-glucosidase, B-glucosidase and sucrase)
in vitro. Further work is needed to analyse exact antidiabetic compound
by separation and biophysical characterization of each compounds.
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INTRODUCTION

The genus Dendrophthoe comprisesabout 31 spe-
cies spread acrosstropical Africa, Asia, and Austra-
lid¥ among which 7 species are found in India. D.
fal cata bearsgrey barks, thick coriaceous|eavesvari-
ablein shapewith stout flowerd®. Two of itsvarieties
arewidespread in Indianamely, var. falcata (Honey
Suckled Mistletoe) and var. coccinea (Red Honey
Suckled Mistletoe) distinguished by occurrenceof white
and red flowering, respectively (Flowersof India). Till
date, D. fal cata representsthe only known mistletoe
withthelargest global host range® whichis continu-
ously and rapidly widening. Dendrophthoe falcata
possesses remarkable potentialsasamedicinal plant
evident from thewound healing, anti-microbial, anti-
oxidant, antinociceptive properties of itsethanol ex-
tractg*044, Medicinal propertiesof thishemiparasite
may vary in effectsrespectiveto different hosts®. In

theworld wide, theincidence of diabetesisincreasing;
it affects 230 million people of which 30 millionarein
India. It hasbeen estimated that by the year 2025, the
global incidence of diabetes couldincreaseto 350 mil-
lion. Management of Diabetesisahuge burden. While
therapeuticinsulin productionisnot adequateto meet
demands. Therecombinant DNA approach to diabe-
tesmanagement originaly considered asapanaceahas
faced severa problemd?. It ishypothesized that the
ultimatetherapy for thetypel and |1 diabetesliesinthe
herbal approachi*¥. Synthetic drugsarelikely togive
serious Side effectsin additionthey arenot suitablefor
intake during conditionslike pregnancy!-364,
Among unexplored parasitic plant Dendrophthoe
falcata (L.f) Ettingsh (Loranthaceae) occur in India.
Angiospermic parasitic plant Dendrophthoefal cata,
reported to contain biologically active substances such
as flavonoid, quercetin®4, tannins, B-sitosterol, f-
amyrin, oleanolic acid™"*1, Hence search for anew
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drugwithlow cost, more potential, without S de effects
isbeing pursuedin several laboratoriesall around the
world. The present study wasaimed at investigatory,
the antidiabetic effect of Dendrophthoefal cata (L.f)
Ettingsh and their phytochemical andysis.

MATERIALSAND METHODS

Collection and processing of plant

Onthebasisof present literaturereview and dight
experimental modifications, the fresh leaves of
Dendrophthoe falcata (L.f) Ettingsh (Loranthaceae)
growing on the host plant Azadirachtaindicawerecol-
lected inthemonth of April, 2009 during theflowering
period a DC Bungd ow, Tumkur, Karnataka, India. The
plant materid waswashed with didtilled water, shede-air
dried (26+2°C) and pulverized to acoarsepowderina
mechanica grinder, passed througha40 meshsieveand
goredinair tight container for further work.

Prepar ation of plant extracts

25 gm/100ml of powdered leaf waskept for sol-
vent extraction in rotary shaker at 37°C, 72 rpm for
48h. The solventshexane, ethyl acetate, methanol and
ditilled water were used with increasing order of their
polarity. The solvent extract was then filtered with
Whatman No. 1 filter paper and evaporated at acon-
stant temperature of 72°C in hot air oven until avery
concentrated extract was obtained. I dentification of
photochemica condtituentssuchasdkaoids, glycosdes,
terpenoids, steroids, flavonoids, reducing sugar and tan-
ninwerecarried out by following standard procedures:

Phytochemical analysis

Phytochemical screening!“434¢l Phytochemical
screening was performed using standard proceduresin
thedetection of different classesof phyto-constituents
like carbohydrates, alkaloids, glycosides, saponins,
tannins, flavonoids, resins, proteins, oilsand steroids
present inthedried leaves of the plant.

Test for anthraquinones

0.5 g of the extract was boiled with 10 ml of
sulphuric acid (H,SO,) andfiltered while hot. Thefil-
tratewas shakenwith 5 ml of chloroform. Thechloro-
form layer was pipetteinto another test tubeand 1 ml
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of diluteammoniawas added. Theresulting solution
was observed for colour changes.

Test for flavonoids

Three methods were used to test for flavonoids.
First, diluteammonia(5 ml) wasadded to aportion of
an aqueousfiltrateof theextract. Concentrated sulphuric
acid (1 ml) was added. A yellow colouration that dis-
appears on standing indicates the presence of fla-
vonoids. Second, afew drops of 1% auminum solu-
tion were added to aportion of thefiltrate. A yellow
colourationindicatesthepresenceof flavonoids. Third,
aportion of theextract washeated with 10 ml of ethyl
acetate over asteam bath for 3 min. The mixturewas
filtered and 4 ml of thefiltratewas shakenwith 1 ml of
diluteammoniasol ution. A yellow colourationindicates
thepresenceof flavonoids.

Test for saponins

To 0.5gof extract wasadded 5 ml of distilled wa-
ter in atest tube. The solution was shaken vigorously
and observed for astable persistent froth. Thefrothing
was mixed with 3dropsof oliveoil and shakenvigor-
oudly after whichit wasobserved for theformation of
anemulson.

Test for tannins

About 0.5 g of the extract was boiled in 10 ml of
water in atest tube and then filtered. A few drops of
0.1% ferric chloride was added and observed for
browni sh green or ablue-black colouration

Test for alkaloids

0.5 gof extract wasdiluted to 10 ml withacid al-
cohol, boiled and filtered. To 5 ml of thefiltratewas
added 2 ml of diluteammonia 5 ml of chloroformwas
added and shaken gently to extract the alkal oid base.
The chloroform layer was extracted with 10 ml of ace-
ticacid. Thiswasdivided into two portions. Mayer’s
reagent was added to one portion and Draggendorff ’s
reagent to the other. Theformation of acream (with
Mayer’s reagent) or reddish brown precipitate (with
Draggendorff’s reagent) was regarded as positive for
thepresenceof akaloids.

Test for cardiacglycosides (K eller-Killiani test)
To 0.5 g of extract diluted to 5 ml in water was
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added 2 ml of glacia acetic acid containing onedrop of
ferricchloridesolution. Thiswasunderlayedwith 1 ml
of concentrated sulphuricacid. A brownringat thein-
terfaceindicated the presence of adeoxysugar charac-
terigtic of cardenolides. A violet ring may appear bel ow
thebrownring, whilein theacetic acidlayer agreenish
ring may formjust abovethebrown ringand gradualy
spread throughout thislayer.

Test for reducing sugar s (Fehling’stest)

The aqueous ethanol extract (0.5gin5ml of wa
ter) wasadded to boiling Fehling’s solution (A and B)
inatest tube. The solution was observed for acolour
reaction.

Test for resins(precipitation test)

About 0.2g of both extractswaswashed with about
15ml of 95% ethanol and the mixture pouredinto 20m
distilled water in abeaker. Theformation of aprecipi-
tateindicated the presence of resins.

Test for phytosterols(Libermann Burchar d’stest)

Extractsweretreated with chloroformand filtered.
Thefiltratesweretreated with few dropsof acetic an-
hydride, boiled and cooled. Conc. Sulphuric acid was
added. Formation of brown ring at thejunction indi-
catesthe presence of phytosterols.

Test for terpenoid and steroid

4.0 mg of extract wastreated with 0.5ml of acetic
anhydrideand 0.5 ml of chloroform. Then concentrated
solution of sulphuric acid was added slowly and red-
dishviolet color was observed for terpenoid and green-
ishbluecolor for steroids.

Invitroantidiabeticactivity
Chemicalsand reagents

p-Nitrophenyl-o-d-glucopyranoside, p-nitrophenyl-
B-d-glucopyranoside, -glucosidase from almonds and
3,5-dinitrosdisylic acid werepurchased from Sisco Re-
search Laboratory, India. A glucose oxidase/peroxidase
assay kit was purchased from Aggappe Diagnostics, In-
dia o-amylase (23 w/mg solid) was purchased from Sigma
Aldrich, India All thechemicd sand reagentsusedinthe
study wereof extrapureandytical grade.

Assay of a-amylaseinhibitory activity
Theeffect of D. falcata different solvent extracts

—=> [ul| Paper

on a-amylase activity was studied using an enzyme—
starch system®!, FRB (1-5%) was mixed by stirring
with 25 mL of 4% potato starch in abeaker; 100 mg of
a-amylase was added to the starch solution, stirred vig-
orously, and incubated at 37°C for 60 min. After the
incubation period, 0.1M NaOH was added to termi-
nateenzymeactivity. Themixturewascentrifuged (3000
g; 15 min) and the glucose content in the supernatant
was determined.

Assay of a-glucosidaseinhibitory activity

a-Glucosidase inhibitory activity was assayed ac-
cording to themethod of Hondaand Hard®, Enzyme
solution (10 uL) and varying concentrations of sample
emulsion (10-50 puL) were incubated together for 10
min at 37°C and the volume was made up to 210 uL
with maleate buffer, pH 6.0. The enzymereaction was
started by adding 200 pL of 2 mM p-nitrophenyl-o-d-
olucopyranos de solution and further incubated at 37°C
for 30 min. Thereaction wasterminated by treating the
mixtureinaboiling water bathfor 5 min. After theaddi-
tionof 1.0mL of 0.1 M disodium hydrogen phosphate
solution, absorption of theliberated p-nitrophenol was
read at 400 nm.

Assay of B-glucosidaseinhibitory activity

Variousconcentrationsof sampleemulsion (10-50
uL) were pre-incubated with B-glucosidase (5 pL; 380
U/mL) and the volume was made up to 210 puL with
phosphate buffer (10 mM; pH 7.0). Theenzymereac-
tion was started by adding 200 pL of p-nitrophenyl-3-
d-glucopyranoside solution (10 mM) and the mixture
incubated (37°C, 30 min). After incubation, distilled wa-
ter (850 uL) was added, the solution heated at 100°C
for 3 minto stop thereaction, and the absorbance of
the solution read at 440 nm*8l,

Assay of sucraseinhibitory activity

Theeffect of the D. fal cata different solvent ex-
tractson sucrase activity was assayed accordingto the
method of Hondaand Hard®. Theenzyme solution
(10 uL) and varying concentrations of sample emulsion
(10-50 uL) were incubated together for 10 minat 37°C
and the volume was made up to 200 pL with maleate
buffer (pH 6.0). The enzymereaction was started by
adding 100 pL sucrose solution (60 mM). After 30 min,
thereaction wasterminated by adding 200 puL of 3, 5-
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dinitrosdicylic acid reagent and trestingthemixtureina
boiling water bath for 5 min. The absorbance of the
solution wasread at 540 nm. The percent inhibitory
activitieswere cd culated using thefollowing formula

% I nhibition= (AbsControl-Abs Sample) x100/AbsControl

Where Abs control is the absorbance of the control
reaction (containingall reagentsexcept thetest sample),
and Abs sampleisthe absorbance of thetest sample.
An untreated enzyme sol ution was used asthe control.
All experimentswerecarried out intriplicate.

Effect of different solvent extracts of Dendro-
phthoefalcata (L .f) Ettingsh in Glucosediffusion

A method described by Gallagher et d ™Y wasused
to eva uatetheeffectsof different solvent extractsof D.
falcata on Glucose movement in vitro. Thisinvitro
model used consisted of adidysistube (6cm X 29.31
mm) (HimediaLA393-5M T-2010) intowhich6 ml of
plant extract and 2 ml of 0.15M NaCl containing 1.65
mM D-glucose were added. The dialysis tube was
sedled at each end and placed in acentrifuge tube con-
taining 45 ml 0.15M NaCl. Thetubeswere placed on
anorbital shaker water bath and incubated at 37°C for
3 h. Themovement of Glucoseinto the externa solu-
tionwas provided. Concentration of Glucosewithinthe
dialysistubingwas measured and control testswere
conducted in the absence of plant extracts. Glucose
concentrationswereanayzed by enzymatic method using
glucoseoxidasekit. All testswere carried out in tripli-
cate and theresultswere presented asmeans + SD.

RESULTSAND DISCUSSION

Phytochemical analysis

Phytochemica anadysisof different solventsyielded
different phytochemicls(TABLE 1). Compared to other
solvents, theagueous sol vent extractsyiel ded morecom-
pounds. The agueous extract reveal ed the presence of
carbohydrates, cardiac glycosides, proteins, amino ac-
ids, polysterals, dkaoids, phenals, tanninsand reduc-
ing sugarsat higher rate. Whereas, thehexaneand ethyl
acetateextractsyie ded lessquantity of phytochemicds.
More phenolic substances observed in agqueousextract
followed by methanol extract.

AqueousD. fal cata extract was demongtrated Sig-

nificant inhibitory effectson glucose movement into ex-
ternal solution acrossdidysis membrane compared to
other extracts (TABLE 1). Aqueous extract decreased
theoverall glucose movement by 46.04 % compared
to other extracts methanol (63.13 %), ethyl acetate
(89.08 %) and hexane (82.34%). For all solvent ex-
tract samples, the overall rates of glucose movement
into externa solution werehigher. Other resultsarecon-
firmatory with thefindings of Gallagher et a.™*Y and
Buyukbalci and EI1", they tried with other different ex-
tracts which were most potent inhibitors of glucose
movement inthe ssmemode system. Gallagher et a.1*Y
and Buyukbalci and EI" studied the ability to inhibit
glucosediffusonusing sameinvitro method with dif-
ferent plant extracts. Gallagher et al.™ reported that
the plant extracts exhibited aconcentration-dependent

TABLE 1: Phytochemical screening of different extracts
from D. falcataleaves

Extracts

Phytochemicals
Hexane Ethyl Acetate Methanol Aqueous

Carbohydrate + +++ +4++ +
Cardiac Glycosides + ++ +++ +
Fixed oils and Fats

Proteins and Amino acids - - ++ ++
Saponins - - - ++
Phytosterol + ++ +++ +
Alkaloids - ++ o+ ++
Flavonoids - + ++ ++
Phenol + + ++ ++
Tannins + + ++ ++
Gums and mucilages - - + ++
Anthraguinones ++

Reducing sugars - ++ + +

Note: (-): not detectable. (+): Low quantities. (++): average
quantities. (+++): high quantities. Repeated the each experi-
ment thrice

TABLE 2: Different solvent extraction of Dandrophthoe
falcata on diffusion of glucose out of dialysistubeafter 3h

Extracts Glucc_)se d_iffusion to I ncrease of
out of dialyssmembrane  movement (%)

Hexane 82.34+0.21 30.69+0.26

Ethyl acetate 89.08+0.18 31.73+0.19

Methanol 63.13+0.23 19.84+1.02

Aqueous 46.04+0.31 13.98+0.24

Each value is the mean + standard deviation of threereplicate
analyses
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inhibitory effect on glucose movement. The plants
anti hyperglycemic activity depends on many factors
such as pH, other nutrients and content of meal.
Antihypoglycemicactivitiesof mog effectiveplantswere
in part explained by the ability of the phytochemicasto
increase glucosetransport and metabolism in muscle
and/or to stimulateinsulin secretioni*>%%, KelbleV re-
viewed that current research on phytochemicalsand
how they aleviatetype 2 digbetesby improving activity
in the body. Some antidiabetic plants may exert their
action by stimul ating thefunction or number of B-cells
andthusincreasinginsulinrelease. Insomeother plants,
the effect isdueto decreased blood glucose synthesis
dueto thedecreaseintheactivity of enzymes. In other
plants, the activity isdueto dow absorption of carbo-
hydrates and i nhibition of glucosetransport*%. Inthe
present study, research has been carried out to evalu-
atethepotentia of various extractswhich additionally
retard the diffusion and movement of glucosg*.

Effect of phytochemicalson a-amylase

Thea-amylase inhibitory activity of different sol-
vent extractsof D. fal cata was studied using a-amy-
lasegtarrer model system and theresultswere presented
inFigurel. a-Amylaseinhibitory activity of aqueous
extractsis 88% followed by methanol (84 %), ethyl
acetate (66 %) and hexane (72 %). Fromtheresultitis
observed that the aqueous extract increased the a-amy-
laseinhibitory activity and asoincreased the | C, vaue
andreech gtatisticd dgnificance. Thisenzymeisrepon-
siblein hydrolyzing dietary starch into maltose which
then breaksdown to glucose prior to absorption. Since
a-amylases play an important role in starch assymilation
in human beingsand animals, the presenceof suchin-
hibitorsinfood stuffsor plant extractsmay berespon-
sibleforimpaired starch digestion?3. a-Amylasein-
hibitors may be of valueasnove therapeutic agents=?.
Generdly, inhibition of a-amylase activity by medicinal
plantsisattributed to several possiblefactorssuch as
fiber concentration, presenceof inhibitorsonfibers. En-
capsulation of starch and enzyme by thefibers present
in the sampl e possesses reduction in accessibility of
starch to the enzyme on fibers leading to decreased
amylaseactivity!®. However, inhibition of a-amylase
by phytocemicalsof plants could be conclusively at-
tributed to the presence of saponins, alkaoidsand car-

== [ull Paper

diac glycosides*, flavonoids (Adisakwattanaet al.,
2010), phenol§*% and tanning?®!,

Effect on a-glucosidase

All solvent extract treetmentssgnificantly inhibited
thea-glucosidase (Figure 2). The inhibitory activity of
aqueousextract is72 % followed by methanol (61 %),
ethyl acetate (41 %) and hexane extracts (44 %). Simi-
larly B-glucosidase was inhibited by all the different sol-
vent extractsat different range (Figure 3). Itisnote-

100 -
Fig 1. a-Amylase activity

80 -

60 -

1l

40 -
20

Hexane Methanol Aqueous

|

Aaueous
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80 1 Fig 2. a-glucosidase
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Fig 3. p-glucosidase
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1111
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Fig 4. Sucrase activity
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Figurel: Effect of Dendrophthoefalcata (L .f) Ettingsh on a-
amylase, a-glucosidase, p-glucosidase, and sucr aseactivity
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worthy herethat agueous extract treatment lead to an
increasein a-glucosidase. Almost similar result was ob-
tained by someextract againgt 8-glucosidase. Whereas
other solvent extractsalsolesssignificantly enhanced
theinhibitory activity of B-glucosidase. Theglucosdase
arecrucia inmany biologica processincluding bresk-
down of edible carbohydrates?®, and ared soinvolved
inavariety of metabolic disorderssuch asdiabetes®.
Thus potent and sel ective glucosidaseinhibitorshave
many interesting potentia gpplications, especidly india
betes®. a-glucosidase is one among a number of glu-
cosidases|ocated in the brush-border surface mem-
brane of intestinal cellsand isakey enzymeof carbo-
hydrate digestion!¥. a-glucosidase inhibitors block the
action of enzymeinthe small intestine, whichisrate-
limiting in the conversion of oligosaccharides to
monosaccharides necessary for gastrointestina absorp-
tion. Postprandial glucose peaksmay beattenuated by
delayed glucose absorption. The main benefitsattrib-
uted to a-glucosidase inhibitors are, reduction in both
postprandid glycemiclevelsand thetotd range of post-
prandial glucoselevelg*). Theinhibition of a-glucosi-
dase by agueous and methanol extract of D. falcata
canbeduetothe presence of saponing24], dkaoids*?,
flavonoidg®Y, phenolic compounds®! and tanning®.

Effect on sucraseactivity

Figure4 clearly showsthe effect of different sol-
vent extractson sucraseactivity. Moresucraseinhibit-
ing was noticed in agueousextract followed by metha-
nol (72 %), ethyl acetate (67 %) and hexane (78 %).
The sucraseinhibition may be dueto the presence of
phytochemicds, saponinsand akaloids?®, flavonoids?,
phenolic compounds™ and tanning?.

A sgnificant correl ation was observed between o-
amylase, a-glucosidase, B-glucosidase and sucrase in-
hibitory activitiesof agueousand methanol extracts of
D. falcata.

CONCLUSION

Theresult of the present study supportsthe usage
of D. falcata intraditional medicinefor the manage-
ment of diabetesand present investigation emphasisthat
inhibition of carbohydrate hydrolyzing enzymessuchas

a-amylase, a-glucosidase, B-glucosidase and sucrase

iIsonemechanism through which D. fal cata exertsits
hypoglycemic effect in vitro. It could beused infor-
mulation of functiona foods/nutraceuticalsfor the ef-
fective management of diabetes. Furthermore, investi-
gationisrequiredinisolation, identification and struc-
turd eucidation of each active phytichemical.
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