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Abstract

Ficus deltoidea or locally known as Mas Cotek is one o f the common medicinal plant used in 
Malaysia. Ethnobotanical approches showed that this plant possess antidiabetic property. 
Previous study had shown that F. deltoidea reduced hyperglycemia in type I diabetic rats at 
different prandial state. This study was done to elucidate the possible antihyperglycemic 
mechanisms o f F. deltoidea. The results showed that F. deltoidea significantly stimulated insulin 
secretion from pancreatic P-cells with the highest magnitude o f stimulation was 7.31-fold 
(p<0.001), obtained at concentration o f 1000 |ig/ml. The plant also augmented adiponectin 
secretion from adipocytes cells significantly with the highest augmentation was found at 
concentration o f 1000 |ig/ml (2.46-fold, p<0.001). Furthermore, F. deltoidea showed the ability 
to delay glucose absorption in small intestine. This was illustrated by the significant inhibitory 
activity o f this plant against a-glucosidase (sucrase) enzyme with the IC50 value was 4.15 ± 0.25 
mg/ml. Kinetic analysis o f the enzyme activity revealed the F. deltoidea exhibited a mixed-type 
inhibition mechanism against sucrase activity. Such observations showed that F. deltoidea has 
the potential to be developed as new oral antidiabetic agent for the treatment of diabetes mellitus.

Abstrak

Ficus deltoidea yang juga dikenali sebagai Mas Cotek merupakan salah satu tumbuhan ubatan 
lazim di Malaysia. Kajian etnobotani menunjukkan yang pokok ini mempunyai aktiviti 
antidiabetik. Kajian terdahulu membuktikan yang F. deltoidea menurunkan hiperglisemia dalam 
tikus diabetic jenis I pada keadaan prandial berbeza. Kajian ini dijalankan untuk meneliti 
mekanisma antihiperglisemik yang mungkin bagi F. deltoidea. Keputusan menunjukkan bahawa 
F. deltoidea merangsang rembesan insulin daripada sel- P pankreas secara signifikan dengan 
magnitud rangsangan tertinggi adalah 7.31-kali (p<0.001), berlaku pada kepekatan 1000 |ig/ml. 
F. deltoidea juga menigkatkan rembesan adiponektin dari sel adiposit dengan peningkatan 
tertinggi berlaku pada kepekatan 1000 |ig/ml (2.46-fold, p<0.001). Tambahan lagi, F. deltoidea 
menunjukkan kebolehan untuk melewatkan penyerapan glukosa daripada usus kecil. Ini 
diilustrasikan melalui aktiviti perencatan pokok ini terhadap enzim a-glukosidase (sukrase)
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dengan nilai IC50 adalah 4.15 ± 0.25 mg/ml. Análisis kinetik aktiviti enzim menemukan bahawa 
F. deltoidea mempamerkan mekanisma perencatan jenis campuran terhadap aktiviti sukrase. 
Pemerhatian-pemerhatian tersebut menunjukkan yang F. deltoidea berpotensi untuk 
dibangunkan sebagai agen antidiabetik oral yang baru untuk rawatan diabetis mellitus.

Keywords: Ficus deltoidea; antidiabetic; insulin secretion; adiponectin secretion; alpha-
glucosidase inhibition

1.0 INTRODUCTION

Diabetes mellitus is a metabolic disease characterized by persistent hyperglycemia in fasting and 

postprandial state with disturbances in carbohydrate, fat and protein metabolism resulting from 

defects o f insulin secretion or insulin action or combination o f these two factors (Bell, 1991; 

Alberti and Zimmet, 1998). Recent estimates indicate there were 171 millions o f diabetes 

sufferer in the world in the year 2000 and this is projected to increase to 366 million by 2030 

(Wild et al., 2004). In Malaysia, prevalence o f diabetes mellitus was 6.3%, 8.3% and 14.9% in 

the year o f 1986, 1996 and 2006, respectively. This witness the 80% increase from 1996 to 2006 

(Zanariah et al., 2008). Long-term hyperglycemia is a major factor in development o f  

pathogenesis o f diabetic complications (Ahmad and Ahmed 2006; Fowler 2008). Currently, 

diabetes mellitus is treated with antidiabetic agents such as Sulphonylureas (SUs), meglitinides, 

Thiazolidinediones (TZDs) groups and etc. Although plenty o f antidiabetic agents are available, 

prevalence o f the disease remains major global health problems (Wild et al., 2004). This could 

possibly be due to the limitations o f these agents such as lack o f efficacy and undesirable side 

effects. For instance SUs treatment was associated with hypoglycemia and weight gain (Wei et 

al. 1998; Ian 2000; Joe and Arshag 2000). Meglitinides treatment causes hypoglycemia, rhinitis, 

bronchitis and headache (Culy and Carvis 2001). Meanwhile, TZDs can cause fluid retention, 

weight gain, anemia and liver injury (Watkins and Whitcomb 1998; Bell 2002). These 

limitations have fueled the search for new antidiabetic drugs for treatment o f diabetes mellitus. 

Ficus deltoidea, from Moraceae family, is one o f the common medicinal plants in Malaysia. 

Based on ethnobotanical approaches, this plant has been claimed to possess antidiabetic activity
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(Mat Salleh and Latif 2002). Previous studies showed that acute treatment o f F. deltoidea to type 

I diabetic rats reduced hyperglycemia at different prandial state. The plant was also found to 

stimulate insulin release and reduce fasting hyperglycemia in type I diabetic rats after 15-days 

treatment (Adam et al. 2007; 2010; 2011a; 2011b). In the present study, mechanisms that 

underlie antihyperglycemic activity o f F. deltoidea were evaluated using in vitro models.

2.0 METHODOLOGY

2.1 Chemicals and reagents

BRIN BD11 cell line was a gift from Animal Cell Culture Laboratory, Faculty o f Biotechnology 

and Biomolecular Sciences, Universiti Putra Malaysia. 3T3F442A pre-adipocytes was purchased 

from European Collection o f Cell Cultures (ECACC, Salisbury UK). All cell culture 

supplements were purchased from Invitrogen, USA. Sodium chloride (NaCl), potassium chloride 

(KCl), calcium chloride (CaCl2), potassium dihydrogen phosphate (KH2PO4), magnesium 

sulphate (MgSO4), sodium hydrogen carbonate (NaHCO3), HEPES, glibencl amide, D-glucose, 

Maleic acid, TRIS-hydrochloride, sodium hydroxide (NaOH), acarbose and sucrose were 

purchased from Sigma Chemical Co. (St. Louise, USA). Rat intestine acetone powder was 

purchased from Sigma-Aldrich Japan K.K. (Tokyo, Japan). 0.9% saline was purchased from B. 

Braun Medical Inc., (Pennsylvania, USA). Rosiglitazone maleate (Avandia) was purchased from 

a local pharmacy.

2.2 Plant materials and extraction procedure

Plants o f F. deltoidea were collected at Sungai Tengi Selatan, Selangor, Malaysia. The plants 

were identified by a taxonomist from the Biodiversity Unit o f the Institute o f Bioscience, 

Universiti Putra Malaysia. A specimen (SK1467/07) was deposited at the herbarium of the above 

institute. The leaves o f F. deltoidea were oven dried at 45°C and ground to a fine powder. Hot 

aqueous extracts were prepared by boiling the powdered sample in distilled water for 3 hours
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(100 g/L) by changing the water every hour. The combined suspension was filtered using 

Whatman filter paper No. 54 and freeze dried to give the powdered form.

2.3 Insulin secretion assay

Insulin secreting activity o f F. deltoidea was evaluated using BRIN-BD11 cells. BRIN BD11 

cell line was maintained in RPMI 1640 medium supplemented with 10% (v/v) FBS and 1% (v/v) 

antibiotic solution (10,000 units/ml penicillin and 10 mg/ml streptomycin) at 37°C humidified 

with 5% CO2. Insulin secretion assay was conducted according to the method o f Gray and Flatt 

(1998) with brief modifications. Cells were seeded at a concentration o f 2.5x105 cells/well in a 

12-wells plate and incubated at 37°C overnight to allow attachment prior to test. The next day, 

cells were washed thrice with Kreb’s-Ringer bicarbonate buffer (KRB) and pre-incubated with 

this KRB for 40 minutes at 37°C. Cells were further incubated for 1 hours with KRB (negative 

control) or KRB containing o f F. deltoidea extract (10-1000 ^g/ml). Glibenclamide was used as 

positive control. All evaluations were performed at 2 mM glucose. Insulin concentration was 

determined using Rat Insulin ELISA kits (Mercodia AB, Sweden).

2.4 Adiponectin secretion assay

Adiponectin secretion assay was conducted according to the method o f Roffey et al. (2007) with 

brief modifications. Confluent 3T3F442A adipocytes cells were seeded at a concentration o f 2 x 

105 cells/well in 12-wells plate and left overnight at 37°C humidified with 5% CO2 to allow 

attachment prior to test. The next day, cells were washed thrice with serum-free DMEM and pre

incubated with this medium for 2 hours at 37°C. After starvation period, cells were washed 

thrice with Kreb’s-Ringer bicarbonate buffer (KRB). Cells were further incubated for 60 minutes 

at 37°C with various concentrations o f F. deltoidea extract (10-1000 ^g/ml). Rosiglitazone 

maleate was used as positive controls. Adiponectin secreted in the solution was measured using 

Rat Adiponectin ELISA Assay kits (BioVision, USA).
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2.5 a-Glucosidase inhibition assay

a-Glucosidase inhibition assay was performed according to the method o f Ohta et al. (2002) with 

slight modification. F. deltoidea (156-5000 |ig/ml) was pre-incubated with 50 mM sucrose in 

100 mM maleate buffer pH 6.0 at 37°C for 5 minutes. Enzymatic reaction was initiated with the 

addition o f crude a-glucosidase enzyme into the reaction mixture and was further incubated 60 

minutes at 37°C. The enzyme reaction was terminated by adding o f 500 .̂l o f 2 M Tris-Maleate- 

NaOH buffer at pH 7.4. The glucose that was produced during the reaction was measured using 

the Megazyme Glucose Test Kit, obtained from Megazyme International (Wicklow, Ireland). 

The concentration o f F. deltoidea that caused 50% inhibition (IC50 value) o f the a-glucosidase 

activity was determined through a nonlinear regression analysis of the dose response curve. To 

determine the mechanism of inhibition of a-glucosidase by F. deltoidea, we measured the 

enzyme activity in the absence or presence of two different concentrations (2 and 3 mg/ml) of the 

F. deltoidea extract with increasing concentrations o f sucrose (0, 1.25, 2.5, 5.0 and 10.0 mM). 

The type of inhibition of the F. deltoidea extracts against the activity of a-glucosidase was 

analyzed using Lineweaver-Burk plots. Acarbose was used as positive control.

2.6 Statistical analysis

Results are expressed as mean ± standard deviation for a given number o f observations. 

Statistical analyses were performed using GraphPad Prism Software version 4.0 (Serial No: 

GPW4-015977-RHB-3678). The data were analyzed using one way Analysis o f Variance 

(ANOVA), followed by Tukey’s post hoc test. The group means were considered significantly 

different at the level o f p<0.05.
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3.0 R ESU L TS

3.1 Insulin secreting activity of F. deltoidea extracts

F. deltoidea exhibited a step-wise stimulatory effect on insulin secretion at 2 mM glucose 

(Figure 1). Significant stimulation were observed at concentrations 50, 100, 500 and 1000 ^g/ml 

which evoked a 2.61 (p<0.001), 3.68 (p<0.001), 4.38 (p<0.001) and 7.31 (p<0.001) fold of 

stimulation, respectively compared to control. Positive control, glibenclamide (1000 ^M) 

stimulated insulin secretion by 1.80-fold (p<0.001)

Values represent the means ± S.D (n=12). ***p<0.001 compared with control incubation Gb: glibenclamide. 

Figure 1: Effect o f F. deltoidea on insulin secretion activity from BRIN BD11 cells

3.2 Adiponectin secreting activity of F. deltoidea extract

F. deltoidea stimulated adiponectin secretion from adipocytes cells in a concentration-dependent 

manner (Figure 2). The secretion was significantly increased at concentrations o f 500 and 1000 

^g/ml by 2.06-fold (p<0.001) and 2.46-fold (p<0.001), respectively. Positive control,
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rosiglitazone maleate (70^M) stimulate adiponectin secretion by 3.10-fold (p<0.001) compared 

to control.
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F. deltoidea concentration (^g/ml)

Values represent the means ± S.D (n=12). ***p<0.001 compared with control incubation.R: Rosiglitazone maleate

Figure 2: Effect o f F. deltoidea adiponectin secretion from 3T3F442A adipocytes

3.3 a-Glucosidase inhibition activity of F. deltoidea extract

F. deltoidea extracts (156-5000 mg/ml) exhibited a concentration-dependent inhibition effect 

against rat intestine sucrase activity (Figure 3). Enzyme kinetics was analyzed to determine the 

inhibitory mechanism of F. deltoidea extract against a-glucosidase. Analysis o f the Lineweaver- 

Burk plots revealed that all the extracts o f F. deltoidea possess a mixed-type inhibition 

mechanism against rat intestine a-glucosidase (Figure 4).

7



cd H3 
n O U 0
O

Extract concentration  (mg/ml)

100'

T3
m0 cJ3
31a
#

75'

50'

25'

0.033 ± 0.003 mg/

X

I I I I I
4.06 8.12 16.25 32.5 65

Acarbose concentration  ( g/ml)

IC50 value

0

Values represent the means ± S.D (n=12). ***p<0.001 compared with control

Figure 3: Dose response inhibition o f the F. deltoidea against rat intestine a-glucosidase
activity

Notes: The trend lines o f  all concentrations o f  F. deltoidea hot aqueous extract are intersecting at the left 
side o f  1/vo axis. This indicates that the hot aqueous extract o f  F. deltoidea possesses a mixed-type 
inhibition mechanism against rat intestine sucrase activity.

Figure 4: Lineweaver-Burk plots o f the rat intestine sucrase activity in the presence of
different concentrations o f the F. deltoidea hot aqueous extract
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4.0 DISCUSSIONS

The present study reports the insulin secretion, adiponectin secretion and glucose absorption 

inhibition activities o f F. deltoidea. This suggests that, there is possibility o f presence of 

antidiabetic compounds in the F. deltoidea which exert antidiabetic action through stimulation of 

insulin secretion from pancreatic P-cells, stimulation o f adiponectin secretion from adipocytes 

cells and inhibition o f glucose absorption from small intestine.

The present study demonstrated that the hot aqueous extract stimulated insulin secretion from 

BRIN BD11 cells in dose-dependent manner at basal glucose concentration (2 mM). This 

observation suggested that F. deltoidea may contain water-soluble compounds that possess 

insulin secretion activity. The hot aqueous extract (50-1000 ^g/ml) stimulates insulin secretion 

higher than that o f 1000 |iM glibenclamide. This suggests that the insulin secretion activity of 

such concentrations o f extract was more potent than 1000 |iM glibenclamide. Furthermore, the 

maximal stimulation (7.13-fold) produced by the highest concentration o f hot aqueous extract, 

1000 ^g/ml was 4.06-fold higher than that o f the 1 mM glibenclamide. Thus, it is suggested that 

the hot aqueous extract o f F. deltoidea has large potential to be developed as new oral 

hypoglycemic agents. Insulin is an anabolic hormone secreted by pancreatic P-cells responsible 

for maintaining glucose homeostasis and serve as acute regulators o f blood glucose 

concentration. This hormone reduces hyperglycemia by stimulating the uptake, utilization and 

storage o f glucose in insulin-responsive tissue such as muscle, adipocytes and liver (Leney and 

Tavare 2009; Ducluzeau et al. 2002). The effect o f F. deltoidea extracts on insulin secretion was 

evaluated at basal glucose concentration (2 mM) only and no evaluation at high glucose 

concentration (16.7 mM) was performed. So, it could not be concluded that insulin secreting 

activity o f F. deltoidea extracts is glucose-dependent. A good insulinotropic agent must be able 

to stimulate insulin secretion at both basal and elevated glucose concentrations (Efendic et al. 

2002).

F. deltoidea extract also exhibited adiponectin secretion activity. Highest adiponectin secretion 

activity (2.46-fold) was found at concentration o f 1000 ng/ml. However, this activity was less as 

compared with positive control, rosiglitazone maleate. This observation indicates that the
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potential o f F. deltoidea in augmenting adiponectin secretion was not potent as compared 

rosiglitazone maleate. This could possibly be due to that such F. deltoidea extracts contain 

mixture o f bioactive and non-bioactive compounds and there is possibility that the non-bioactive 

would reduce the concentration o f active compounds in the extract and decreased the ability of 

the extracts to stimulate adiponectin secretion. In contrast, rosiglitazone maleate consists o f a 

single compound and its potential to stimulate adiponectin secretion from adipocytes cells has 

been scientifically proven (Maeda et al. 2001; Viljanen et al. 2005). Adiponectin (Acrp30) is a 

30 kDa circulating protein hormone secreted by adipose tissue that possesses insulin-sensitizing 

properties (Wiecek et al. 2007). Therefore, theoretically, by increasing adiponectin secretion, 

insulin sensitivity will be improved and this will ameliorate insulin resistance in Type II diabetes 

mellitus (Spranger et al. 2003). In this study, the adiponectin secreting activity exhibited by F. 

deltoidea indicates that this plant has the potential to be developed as an antidiabetic agent that 

targeted on the elevation o f the plasma adiponectin level.

F. deltoidea extract also exhibited the potential to delay glucose absorption from small intestine. 

Delaying glucose absorption from small intestine will prevent the excess rise o f postprandial 

hyperglycemia. This activity can be achieved through inhibition of a-glucosidase (sucrase) 

enzyme in small intestine. a-Glucosidase (EC 3.2.1.20) which is located on the brush-border 

surface membrane o f upper small intestine, is a typical exo-acting carbohydrase which 

hydrolyses the terminal glucose moiety from the non-reducing end o f their substrates, maltose or 

sucrose (Ernst et al. 2005). In this study, although less potent than positive control, acarbose, F. 

deltoidea significantly inhibits a-glucosidase (sucrase) activity with the IC50 value was 4.15 ±

0.25 mg/ml. Kinetic analysis study revealed that F. deltoidea possess a mixed-type inhibition 

mechanism against sucrase activity. Therefore it is suggested that F. deltoidea has the potential 

to delay glucose absorption from small intestine and thus prevent the excess rise o f postprandial 

hyperglycemia.

The antidiabetic activities o f many antidiabetic plants were reported to be associated with the 

presence o f secondary metabolites. For instance, the insulin secreting activity o f Eucalyptus 

globules and the a-glucosidase inhibitory activity o f Sophora flavescens were reported to be 

associated with the presence o f flavonoids (Gray and Flatt 1998; Kim et al. 2006). Likewise, a
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glycosylated flavonoids called kaempferitrin promotes insulin sensitivity through the stimulation 

of adiponectin secretion (Tzeng et al. 2009). Phytochemical screening o f F. deltoidea revealed 

that the plant contain high amount o f flavonoids (Zunoliza et al. 2009). Thus, there is possibility 

that these secondary metabolites account for the observed pharmacologic effects o f the F. 

deltoidea plant.

5.0 CONCLUSIONS

In conclusion, this study had shown that F. deltoidea has the ability to stimulate insulin secretion 

from pancreatic P-cells, stimulate adiponectin secretion from adipocytes cell and delays glucose 

absorption from small intestine by inhibiting a-glucosidase activity. Therefore, it is suggested 

that the antihyperglycemic action o f F. deltoidea is mediated partly, by the above mechanisms. 

The results o f the study illustrate the potential o f F. deltoidea to be developed as new 

antidiabetic agent. Furthermore, insulin and adiponectin secreting activities exhibited by F. 

deltoidea indicated that this plant has the ability to improve insulin sensitivity and thus, 

ameliorate insulin resistance in Type 2 diabetes mellitus subjects.
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