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ABSTRACT

Ficus deltoidea from the M oraceae family iscommonly called “mas cotek™
by the Maays. The Malay folklore medicines believed that consuming a
decoction of the vascular bundle of Ficus deltoidea led to alowering of
the blood glucose level of diabetic patients. To establish its antidiabetic
activity, the present study was undertaken to evaluate the effect of Ficus
deltoidea leaves on key glycolytic enzymesin the liver of streptozotocin-
induced diabetic rats. Diabetes was induced in 1 month old rats by single
intravenous injection of STZ at a dose of 65mg/kg body weight. After a
week, they were checked for fasting blood glucose concentrations to con-
firm the status of diabetes.The non-diabetic and streptozotocin (STZ)-
induced diabetic rats were then treated with the aqueous and ethanolic
extracts (200mg/kg) for 2 weeks. The blood glucose concentrations were
measured for 2 weeks upon these administrations. A significant increase
was observed in fasting blood glucose level in untreated diabetic rats.
Diabetic rats al so showed asignificant decreasein the activities of hepatic
hexokinase (HK), glucokinase (GK) and phosphofructokinase (PFK). How-
ever, after 14 daystreatment with the plant extracts, the activities of hepatic
HK, GK and PFK were found to significantly increase. From these results,
one may tentatively suggest that Ficus deltoidea may have beneficial
effectsin diabetes mellitus by increasing glycolysis and may be source for
new generationsof antidiabetic drugs. © 2009 Trade ScienceInc. - INDIA
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INTRODUCTION

Diabetesmdlitusisasyndrome, whichaffectsmore
and morepeopleinall countriesover theworld. Itis
thefourth or fifth leading cause of death intheworld¥.
InMaaysia, diabetesisagrowing concern. According
to Muhagjir et a.[?, the prevalence of diabetes was
0.65% in 1960, 6.3% in 1986, 10.5% in 1996 and
12%in2005. Clearly, theincidenceof diabetesamong

Maaysiansisontherise. Specia attention on the sci-
entific researchisneeded to control thissyndrome.
Ficus deltoidea belongsto the Moraceae family,
whichincludes other plantswith proven antidiabetic
potency such as Ficus bengalensis and Ficus
hispidal®*4. Variousparts of Ficusdeltoidea havebeen
used for variousmedicina purposesincludingthetreat-
ment of diabetesmdlitus. However, thereislittlereport
of their antidiabetic activity either in experimental ani-
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mal or in humans. For thisreason, the study was de-
signed primarily to eva uate the effects of aqueousand
ethanolic extracts of Ficusdeltoidealeavesontheac-
tivitiesof key glucose metabolic enzymesintheliversof
non-diabetic and diabeticrats.

METHODSAND MATERIALS

Plant material

Thedried plant sample obtained from BIOMAS
trading. A voucher number (SK1510/2007) ishoused
in the Phytomedicinal Herbarium, Institute of
Biosciences, Universiti Putra Malaysia, Serdang,
Selangor. Theleaveswere chopped into small pieces.

Prepar ation of plant extract
Aqueous extract of Ficus deltoidea leaves

Ficusdeltoidea leaves (200g) were chopped into
small pieces, extracted with 1000ml distilled water by
continuous hot extraction at 60°C for 6 hours. The
mixture was then filtered to obtain the extract. The
extract wascompletdly lyophilized by continuousfreeze
drying operationfor 54 hours, yielding 20g of crude
extract. A dark semi-solid material wasstored at 4°C
until usage.

Ethanolic extract of Ficus deltoidea |leaves

Ficusdeltoidealeaves (500g) were extracted with
80% ethanol (2.5L) for 3 days at room temperature
(27°C). The mixture was then filtered to obtain the
extract. Theextract was concentrated at 40°C to yield
50g of crude extract. A dark semi-solid materia was
stored at 4°C. Thecrudeextractswasfirst dissolvedin
water and used in this study™®.

Animals

The study was conducted on thirty-six 2-month-
old male Sporague Dawl ey rats weighing 200-250g.
The animalswere housed in colony cages (six rats
per cage), at ambient temperature of 25+2°C with
12-h-light/12-h-dark cycle. Before and during the
experiment, ratswere fed with normal |aboratory
pellet diet and water ad libitium. After randomiza-
tion into various groups, the ratswere acclimatized
for aweek in the new environment beforeinitiation
of experiment.
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Induction of experimental diabetes

After oneweek of acclimatization, theratswere
subjected to a16-hour fast. Diabeteswasinducedin
ratsby asingleintravenousinjection of streptozotocin
(STZ) (Sigma, . Loius, MO) intotail vein at adose of
65mg/kg. The STZ wasfreshly dissolvedin 0.1M cit-
ratebuffer (pH 4.5). Theinduction of STZ-diabetes
was confirmed by determination of blood glucoseleve
ontheseventh day STZ administration.

EXPERIMENTAL

A total of 36 ratswere divided into six groups of
six animaseach: groups 1-3includenorma ratswhile
groups 4-6 include diabetic rats. Group 1 serves as
norma control group and received only sdine, group 2
received the aqueous|eaf extract twicedaily at adose
of 200mg/kgwhilegroup 3 received ethanolicleaf ex-
tract twice daily at a dose 200mg/kg. The diabetic
groups (4-6) paralleed the normd rats. Starting from
treatment day zero, saline, agueous and ethanolic ex-
tract of Ficusdeltoidealeaveswereadministered oraly
by gavagestwice daily for 14 consecutive days. On
day 15, the anima swere euthanized using chloroform.
Theliverswereremovedimmediately, washed withice
cold saline and stored at -80°C. These tissues were
used for the assay of hepatic hexokinase, glucokinase
and phosphofructokinase.

Biochemical measur ement

A portion of the liver tissues was dissected out
washed withice-cold sdineimmediately and werehho-
mogenized in 0.1M Tris-HCI buffer (pH 7.4) for the
assay of key enzymesof carbohydratemetabolism. The
homogenate was centrifuged at 10000rpm to remove
the debris and the supernatant was used as enzyme
sourcefor the assays of hexokinase®, glucokinase”
and phosphofructokinasg®.

Satistical analysis

Datafor activity of hepatic enzymes and blood
glucose were analyzed using one-way analysis of
variance (ANOVA) followed by Tukey test. Dataare
expressed asmeanststandard error of mean (SEM). A
p-vaueof lessthan 0.05isconsidered as statistically
ggnificant.
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RESULTSAND DISCUSSION

Fasting blood glucose

Before the treatment with saline, agueous and
ethanolic extractsfrom Ficusdel toidea | eaves, thefast-
ing blood glucose concentrationsof the streptozotocin-
induced diabetic ratswere more than 4 times higher
than those of the non-diabetic rats (Figure 1). How-
ever, after 14 days of repeated treatment, the blood
glucoselevels of the agueous and ethanolic extract-
treated diabetic ratswere significantly decreased. In
contrast, thefasting blood glucose levelsof untreated
diabetic ratsremained high throughout thisinvestiga-
tion. Clearly, injection of streptozotocin at adose of
65mg/kg body weight had successfully increased the
fasting blood glucoselevel. Streptozotocininjection
produced diabetesmédlitusviadestruction of the3-cdls
of idetsof Langerhans as proposed by,

Glycolyticenzymes

Activitiesof HK, GK and PFK are known to be
very sensitivesigns of theglycolytic pathwayX?. Inthe
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Figurel: Effect of aqueousand ethanolic extractsof Ficus
deltoidea on fasting blood glucose concentration in nor mal
and streptozotocin-induced diabetic malealbino rats. Data
are expressed as meanstS.E.M ., n=6; *a, statistical
significance ver susnormal control (p<0.05);*b, statistical
significance ver susdiabetic contr ol (p<0.05); *c, statistical
significance versus normal treated with aqueous extract
(p<0.05); *d, statistical significanceversusnormal treated
with ethanolic extract (p<0.05). NC (normal treated with
saline), NA (normal treated with agueousextr act), NE (nor mal
treated with ethanolic extract), DC (diabetic treated with
saline), DA (diabetictr eated with aqueousextr act), DE (diabetic
treated with ethanolic extract)
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present study, levelsof glycolyticenzymesinliver were
shown to decreasein the diabetic controls. Asclearly
showninFigure2, Figure3 and Figure4, theinjection
of STZ at adose of 65mg/kg body weight successfully
suppressed the activities of glycolytic enzymes. This
concurswith the previousfindings by*¥ andi*? who
foundthat rd aivedefidency of insulinin chemica modd
of typell diabetes caused the suppression of HK, GK
and PFK activities.

Figure 2 indicatesthat the activities of hexokinase
weresignificantly depressed in untreated diabetic rats.
Hexokinase activity was decreased by approximately
53.16%. Thedecreasein hexokinase activities observed
in diabetic rats could be due to the loss of insulin
receptorsand production of glycated proteing®>*4. The
present project found that theactivitiesof HK indiabetic
rats treated with AE and EE increased significantly
compared to the untreated rats (Figure 2). After 14
days, thehexokinaseactivity of the DA (diabetictreated
with agqueous extract) and DE (diabetic treated with
ethanolic extract) groups significantly increased by
40.21% and 62.37% respectively. The significant
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Figure?2: Effect of aqueousand ethanolic extractsof Ficus
deltoidea on hexokinaseactivity in normal and streptozotocin-
induced diabetic male albino rats. Data are expressed as
meanstS.E.M ., n=6, *a, satistical significancever susnormal
control (p<0.05); *b, statistical significancever susdiabetic
control (p<0.05); *c, statistical significance ver susnormal
treated with aqueous extract (p<0.05); *d, statistical
significance versus normal treated with ethanolic extract
(p<0.05); U, pmol reduction of NAD* per minute. NC (hormal
treated with saline), NA (normal treated with aqueousextr act),
NE (normal treated with ethanolic extract), DC (diabetic
treated with saline), DA (diabetictreated with aqueousextract),
DE (diabetictreated with ethanolic extract)
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increaseintheactivity of hexokinase couldreflect aflux
into the pentose phosphate pathway that in turn may
increase the utilization of glucose for NADPH and
possibly energy production.

Hepatic glucokinase activity isthemost sensitive
indicator of theglycolytic pathway in adiabetic state®.
Thepresent work showsthat the activity of glucokinse
decreased significantly by 56.79% in diabetic rats.
Grover et al.'?, also reported a decrease in the
enzymdicactivity of glucokinaseamong diabeticanimals
whichmay resultinthedepletion of liver glycogen. Insulin
could control either theactivity of GK or itssynthess.
Therefore, trestment with exogenousinsulinwould return
GK toanorma physiologica leve™, Thepresent study
showsthat AE and EE of Ficusdeltoidealeavescould
adsoplayasmilarroleinbringing GK activity to norma
physiologicd leve (Figure3).

Phosphofructokinaseisakey rate-limiting enzyme
in glycolysisand representsamajor control pointin
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Figure3: Effect of aqueousand ethanolic extractsof Ficus
deltoidea on glucokinaselevel in normal and streptozotocin-
induced diabetic male albino rats. Data are expressed as
meanstS.E.M ., n=6; *a, satistical sgnificanceversusnormal
control (p<0.05); *b, satistical sgnificancever susdiabetic
control (p<0.05); *c, statistical significance ver susnor mal
treated with aqueous extract (p<0.05); *d, statistical
significance versus normal treated with ethanolic extract
(p<0.05); U, pmol reduction of NADP* per minute. NC (normal
treated with saline), NA (normal treated with aqueousextract),
NE (normal treated with ethanolic extract), DC (diabetic
treated with saline), DA (diabetictreated with aqueousextract),
DE (diabetictreated with ethanolic extract)
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the metabolism of glucose”. In the present work,
intravenousinjection of STZ suppressed the activity
of PFK in diabetic rats by approximately 58.70%
(Figure4). Vatset a.1*¥, had al so reported adecrease
in PFK activity during diabetes. Onereason could be
duetothelossof regulation by theenzymein an atempt
to provide adequate sustainable energy. Repeated
treatmentswith AE and EE of Ficusdeltoidea leaves
on non-diabetic rats decreased the activity of PFK
(Figure4). Thereduction could probably be dueto
the decrease in fructoses-2,6-bisphosphate, and
important allosteric modulator of the enzyme. The
fructoses-2,6-bisphosphate modulates the
gluconeogenic counterpart fructose-1,6-
bisphosphatase, causing anincreasein the enzyme
activity and thusincrease in glucose-6-phosphatase
activity too. Moreover, the results could al so be due
to thedifferent typesof water-solubleactiveprinciples
with adiversed range of biochemica activities.
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Figure4 : Effect of aqueousand ethanolic extractsof Ficus
deltoidea on phosphofructokinase level in normal and
streptozotocin-induced diabetic malealbinorats. Dataare
expressed asmeanstS.E.M ., n=6; *a, satistical significance
ver susnor mal control (p<0.05); *b, statistical significance
versusdiabetic control (p<0.05); *c, statistical significance
versus normal treated with aqueous extract (p<0.05); *d,
gatistical significancever susnormal treated with ethanolic
extract (p<0.05); U, pmol conversion of NADH to NAD* per
minute. NC (normal treated with saline), NA (normal treated
with aqueous extract), NE (normal treated with ethanolic
extract), DC (diabetictreated with saling), DA (diabetictreated
with aqueousextract), DE (diabetictreated with ethanolic
extract)
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