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ABSTRACT: Medicinal plants have been reported to play an important role
in modulating glycemic responses. Several mechanisms have been proposed
for the anti-diabetic effect of medicinal plants such as inhibition of
carbohydrate metabolizing enzymes, manipulation of glucose transporters, βcell regeneration and enhancing insulin releasing activity. In the present
study, the hypoglycemic potential of Artocarpus altilis leaves (AL), bark
(AB) and fruit (AF) parts were investigated using suitable in-vitro and exvivo techniques such as glucose adsorption, glucose diffusion retardation
index (GDRI), inhibition of enteric enzymes  α- amylase, α- glucosidase,
sucrase and effect of selected samples on glucose uptake using yeast cell as
model system. The cold and hot aqueous extracts of AB significantly (P ≤
0.05) inhibited the activity of all the three enzymes followed by AL and AF,
while ALP and ABP enhanced the activity of α- glucosidase. ALP enhanced
the glucose uptake by yeast cells significantly (P ≤ 0.05) followed by ABP
and AFP, which was dependent on glucose concentration. The results
suggest that the possible mode of action of Artocarus altilis as hypoglycemic
agent is by glucose adsorption, inhibiting carbohydrate metabolizing
enzymes and by facilitating the glucose diffusion through cell membrane.
Hence, there is further scope to explore Artocarpus altilis as a therapeutic
agent in the management of type II diabetes.

INTRODUCTION: Diabetes mellitus is a
metabolic
disorder
of
multiple
etiology
characterized by chronic hyperglycemia resulting in
decreased insulin action/sensitivity or decreased
insulin secretion from pancreatic β-cells 1. The
management of diabetes without any side effects is
still a challenge to the medical system because the
therapies available currently for diabetes include
insulin and various oral anti-diabetic agents which
are associated with many adverse effects.
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This has necessitated the exploration and screening
of medicinal plants with acclaimed therapeutic
efficacies in DM management. Wide number of
traditional medicinal plants is being used in the
treatment of diabetes, particularly in developing
countries and it is essential to screen the antidiabetic potential of these plants using various invitro, ex-vivo and in-vivo model systems prior to
human clinical trials.
More than 200 pure compounds from plant sources
are reported to exhibit blood glucose lowering
activity 2. Studies indicate that a variety of
mechanisms of action are likely to be involved in
lowering hyperglycemia such as inhibition of
carbohydrate metabolizing enzymes, manipulation
of glucose transporters, β-cell regeneration and
enhancing insulin releasing activity 3.
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Medicinal plants, since time immemorial have been
in use for the treatment of various diseases all over
the world 4. Herbal drugs are prescribed widely
even when their biologically active compounds are
unknown, because of their effectiveness, less side
effects and relatively low cost 5. Artocarpus altilis
belong to Moraceae family, a tree of moderate size,
is widely cultivated in tropics as staple crop,
construction material and animal feed. Its leaves
have been used traditionally for the treatment of
liver cirrhosis, hypertension and diabetes 6.
Studies report the presence of flavonoids,
triterpenoids and prenylflavonoids in Artocarpus
altilis fruit 6, 7. Only limited studies have been
conducted to demonstrate the various biological
effects of Artocarpus altilis and these studies do
not indicate or demonstrate the mode of action of
Artocarpus altilis as anti-hyperglycemic agent.
With this background, the hypoglycemic potential
of Artocarpus altilis was explored using selected
in-vitro / ex-vivo techniques such as glucose
adsorption capacity, glucose dialysis retardation
index, inhibition of carbohydrate hydrolyzing
enzymes and glucose transport across yeast cell
membrane in order to elucidate the possible
mechanism of action.
MATERIALS AND METHODS:
Chemicals and reagents: p-Nitrophenyl-α-Dglucopyranoside was purchased from Sisco
Research Laboratory, India. α-amylase (23 U/mg
solid) was purchased from Sigma Aldrich, India.
Glucose oxidase / peroxidase assay kit was
purchased from Aggappe Diagnostics, India. All
the chemicals and reagents used in the study were
of analytical grade.
Collection and preparation of samples: The leaf,
bark and fruit parts of Artocarpus altilis were
collected from Mysore district of Karnataka, India
and subsequently identified by Dr. G. R.
Shivamurthy, Department of Studies in Botany,
University of Mysore, Mysore, India. The samples
were thoroughly washed under running water to
remove adhering dirt and other foreign particles
from the surface, dried overnight (500C),
powdered, passed through 60 mesh sieve (BS) and
stored in airtight container at 4oC till further use.
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The cold and hot aqueous extracts of samples were
prepared by extracting powdered material with cold
water (RT) and hot water (700C) in a mechanical
shaker (24 h), filtered and freeze dried. The powder
sample emulsion was prepared by triturating 100
mg of sample with two drops of Tween 20 in
maleate buffer (0.1 M, pH 6.0), and the volume
was made upto 10 ml to obtain emulsion containing
10 mg of sample/ml. Sample codes are as follows;
in powder form leaf – ALP, bark – ABP, fruit –
AFP. Cold aqueous extracts leaf – ALC, bark –
ABC, fruit – AFC. Hot aqueous extracts leaf –
ALH, bark – ABH, fruit – AFH
In-vitro glucose adsorption capacity of samples
The glucose-adsorption capacity of the samples
was determined according to the method of Ou et al
8
. Briefly, 1% of samples were mixed with 25ml of
glucose solution (5, 10, 20, 50 & 100 mM/L),
vortexed and incubated in a shaker water bath at
370C for 6 h, centrifuged at 4000 g for 20min. The
glucose bound was calculated using the following
formula;
Glucose bound =
G1 – G2
—————
x Volume of solution
Weight of the sample
G1 – glucose concentration of original solution, G2
– glucose concentration after 6h
Effect of samples on in-vitro Glucose Diffusion:
The effect of samples on in-vitro glucose diffusion
was determined according to the method of Ou et
al 8. Glucose dietary fiber system comprising of
samples (1%) and 25 ml of glucose solution (20
mML-1) were dialyzed against 200 ml of distilled
water at 370C in a shaker water bath. The glucose
content in the dialysate was determined after 30,
60, 120 and 180 min by the glucose oxidase
peroxidase diagnostic kit for the estimation of
glucose diffusion retardation index (GDRI) as a
function of time. A control test was done without
the addition of plant sample.
Effect of samples on in-vitro Amylolysis
Kinetics: The effect of various plant samples on
starch digestibility was determined by the method
of Ou et al 8.
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40 g potato starch was added to phosphate buffer
(0.05 M, pH 6.5) and stirred at 65oC for 30 min and
made upto 1 liter. The starch (25 ml) sample (1 %)
and α-amylase (0.4%) system were dialyzed in
dialysis bag against 200 ml of distilled water at
37oC in a shaker water bath. The glucose content in
the dialysate was determined after 60, 120, 180 and
240 min. A control experiment was carried out
without the addition of sample.
Preparation of enzyme solution (α-glucosidase &
sucrase) from rat small intestinal brush border:
The crude enzyme solution was prepared by the
method of Dahlqvist 9. Wistar rats weighing 140160 grams were fasted overnight, sacrificed by
cervical dislocation and the small intestines were
immediately excised. The intestines were washed
with ice cold maleate buffer (pH 6.0, 0.1M); the
brush border was carefully removed and
homogenized with maleate buffer (1:5 w/v) in cold
condition. The homogenate was then centrifuged
for 15 min (10,000 g, 4°C) and the supernatant was
used as crude enzyme source of α-glucosidase and
sucrase. All animal procedures have been approved
by the Animal Ethical Committee of University of
Mysore in accordance with animal experimentation
and care.
Assay of α -glucosidase inhibitory activity: The
effect of various samples on α -glucosidase activity
was assayed according to the procedure of Honda
and Hara 10. The rat intestinal brush border enzyme
solution (10 μl) and the sample emulsion (10 μl)
were incubated together with 200 μl maleate buffer
(pH 6.0) for 10 min at 37°C. The enzyme reaction
was started by adding 200 μl of p-nitrophenyl-a-Dglucopyranoside (NPG) solution (2 mM) and
incubated at 37°C. After 30 min, the reaction was
terminated by treating the mixture in a boiling
water bath for 5 min. After the addition of 1.0 ml of
disodium hydrogen phosphate solution (0.1 M), the
absorbance of the liberated p nitrophenol was read
at 400 nm. An untreated enzyme solution was used
as the control.
Assay of Sucrase inhibitory activity: The effect
of various samples on sucrase activity was assayed
according to the procedure of Honda and Hara 10.
The rat intestinal brush border enzyme (10 μl) and
the sample emulsion (10 μl) were incubated
together with 180 μl maleate buffer (pH 6.0) for 10
min at 37°C.
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The enzyme reaction was started by adding 100 μl
sucrose solution (60 mM). After 30 min, the
reaction was terminated by adding 200 μl of 3,5dinitrosalysilic acid reagent and treating the
mixture in a boiling water bath for 5 min. The
absorbance of the solution was read at 540 nm. An
untreated enzyme solution was used as the control.
The percent inhibitory activities of α-glucosidase
and sucrase were calculated using the following
formula.
Abs control – Abs sample
% inhibition = ———————————— x 100
Abs control
Where, Abs control is the absorbance of the control
reaction (containing all reagents except the test
sample), and Abs sample is the absorbance of the
test sample. All the experiments were carried out in
triplicates.
Effect of samples on glucose uptake/transport by
yeast cells:
Preparation of Yeast cells - Yeast cells were
prepared according to the method of Cirillo 11.
Commercial baker’s yeast was washed by repeated
centrifugation (3000 g, 5 min) in distilled water
until the supernatant fluids were clear and a 10%
(v/v) suspension was prepared in distilled water.
Various concentrations of the aqueous extracts (2
and 4 mg) were added to 1 ml of glucose solution
(5, 10 and 20 mM) and incubated together for 10
min at 37°C. Reaction was started by adding 100 μl
of yeast suspension, vortex and further incubated at
37°C for 60 min. After 60 min, the tubes were
centrifuged (2500 g, 5 min) and glucose was
estimated in the supernatant 11. The percent
increase in glucose uptake was calculated using the
following formula;
% increase in Glucose uptake
Abs control – Abs sample
= ———————————— x 100
Abs control
Where, Abs control is the absorbance of the control
reaction (containing all reagents except the test
sample), and Abs sample is the absorbance of the test
sample. All the experiments were carried out in
triplicates.
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Statistical Analysis: All determinations were
carried out in triplicates and the data was subjected
to one way ANOVA followed by Tukey’s multiple
comparisons test for significant difference (P ≤
0.05) using SPSS 11.5 software.
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dialysis membrane compared to Control. The
GDRI was higher in ALP, ABP followed by ACB,
WB and ALP.

RESULTS
In-vitro glucose adsorption capacity of samples:
Glucose adsorption capacity of the samples is
presented in Figure 1. Adsorption capacities of the
samples were directly proportional to the glucose
concentration (mM), i.e., the amount of glucose
bound increased with increased glucose
concentration. At 5 and 10 mM concentrations the
adsorption capacities of ALP and ABP were similar
and significantly (P ≤ 0.05) higher than AFP
whereas, there was no significant (P ≤ 0.05)
difference between the samples at 50 and 100 mM.
At lower glucose concentration - 5 mM ALP and
ABP exhibited significantly higher (P ≤ 0.05)
glucose adsorption capacity than commercial fibers
wheat bran (WB) and acarbose (ACB). However at
10, 50 and 100 mM concentrations the adsorption
capacity of WB and ACB were higher than ALP,
ABP and AFP.

FIG. 2: EFFECT OF SAMPLES ON IN-VITRO
GLUCOSE DIFFUSION. ALP: leaf powder, ABP: bark
powder, AFP: fruit powder. Values on the bars represent
respective GDRI.

Effect of samples on in-vitro amylolysis kinetics:
The effect of samples on the diffusion rate of
glucose and GDRI in the Starch - α-amylase - fiber
system is shown in Figure 3. The diffusion rate of
glucose in Control was significantly (P ≤ 0.05)
lower than the samples at each interval of time. The
maximal GDRI was exhibited by guar gum (GG) at
all-time intervals. At 60, 180 and 240 min the
GDRI was maximum in GG, followed by WB,
ABP, ALP and AFP. The GDRI values of all the
samples decreased as the time increased in the
systems where glucose-samples/fiber were used.

FIG. 1: EFFECT OF SAMPLES ON GLUCOSE
ADSORPTION
AT
DIFFERENT
GLUCOSE
CONCENTRATIONS. WB: wheat bran, ACB: acarbose,
ALP: leaf powder, ABP: bark powder, AFP: fruit powder.
Bars carrying different superscripts a, b, c…differ
significantly (p ≤ 0.05) at each glucose concentration.

Effect of samples on in-vitro glucose diffusion:
The effect on samples on glucose diffusion and the
glucose diffusion retardation index are presented in
Figure 2. All the samples showed significant (P ≤
0.05) inhibitory movement of glucose across

FIG. 3: EFFECT OF SAMPLES ON IN-VITRO
AMYLOLYSIS KINETICS. ALP: leaf powder, ABP: bark
powder, AFP: fruit powder. Values on the bars represent
respective GDRI.
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Assay of α-glucosidase inhibitory activity: The
effect of samples on the inhibition of α-glucosidase
showed that ABC significantly (P ≤ 0.05) inhibited
the activity of α-glucosidase upto 87% and 70% at
2 and 4 mg sample concentrations respectively
(Figure 4). ALC, AFC, and hot extracts of A. altilis
samples showed moderate inhibition, whereas at 2
mg ALP and ABP increased the enzyme activity to
3% and 4%, respectively.

FIG. 4: ASSAY OF α-GLUCOSIDASE INHIBITORY
ACTIVITY. ALP: leaf powder, ABP: bark powder, AFP:
fruit powder, ALC: leaf cold aqext, BC: bark cold aqext,
AFC: fruit cold aqext, ALH: leaf hot aqext, ABH: bark hot
aqext, AFC: fruit hot aq ext. Bars carrying different
superscripts a, b, c…for 2mg sample and m, n, o…. for 4 mg
sample differ significantly (p ≤ 0.05).
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Effect of samples on glucose uptake/transport by
yeast cells: The effect of the A. altilis samples on
glucose transport across cell membrane was studied
in-vitro system comprising of yeast cells suspended
in glucose solution of varying concentration (10
and 20 mM) in the presence of the extracts at
different concentrations (Figures 6a & 6b). The
amount of glucose remaining in the medium after a
specific time serves as an indicator of the glucose
uptake by the yeast cells. All the sample extracts
enhanced the glucose transport across yeast cell
membrane.
The cold extracts at different sample and glucose
concentrations increased the uptake of glucose,
followed by hot extracts and samples in powder
form. The increase in glucose uptake was dose–
dependent, and it was directly proportional to the
sample concentration. However, the percent
increase in the glucose uptake by the yeast cells
was inversely proportional to the glucose
concentration and decreased with increase in the
molar concentration of the glucose solution.

Assay of Sucrase inhibitory activity: The sucrase
inhibitory activity of samples is represented in
Figure 5. Maximum inhibition was exhibited by
ABC upto 91% and 76% at 2 and 4 mg sample
concentrations respectively, which is similar to the
trend as observed in α-glucosidase inhibition. Other
A. altilis sample extracts showed moderate
inhibition which ranged from 71% to 15%.

FIG. 5: ASSAY OF SUCRASE INHIBITORY
ACTIVITY. ALP: leaf powder, ABP: bark powder, AFP:
fruit powder, ALC: leaf cold aqext, BC: bark cold aqext,
AFC: fruit cold aqext, ALH: leaf hot aqext, ABH: bark hot
aqext, AFC: fruit hot aq ext. Bars carrying different
superscripts a, b, c…for 2mg sample and m, n, o…. for 4 mg
sample differ significantly (p ≤ 0.05).

6a

6b
FIG. 6a & 6b: EFFECT OF SAMPLES (2MG & 4MG)
ON GLUCOSE UPTAKE BY YEAST CELLS. ALP: leaf
powder, ABP: bark powder, AFP: fruit powder, ALC: leaf
cold aqext, BC: bark cold aqext, AFC: fruit cold aqext, ALH:
leaf hot aqext, ABH: bark hot aqext, AFC: fruit hot aqext.
Bars carrying different superscripts a, b, c…for 10 mM and
m, n, o…. for 20 mM glucose concentrations differ
significantly (p ≤ 0.05).
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DISCUSSION: In effective management of type 2
diabetes, the blood glucose levels should be
maintained close to normal level. Over 400 plants
have
been
documented
with
potential
hypoglycemic activity; however they have yet to be
scientifically and medically evaluated. Several
studies have proved the beneficial effect of plant
fibers for control of blood glucose concentrations
12
. In the present study, the increased ability of the
samples to adsorb glucose may be attributed to the
dietary fiber (insoluble and soluble fibers) present
in the sample 13-15.
Reports have shown that resistant starch and
insoluble fibers derived from wheat bran could also
adsorb glucose in the glucose solution of different
concentration (5–100 mM/L) 8. A. altilis exhibited
significant inhibitory effects on glucose movement
into external solution across dialysis membrane.
GDRI is a useful in-vitro index to predict the effect
of a fiber on the delay in glucose absorption in the
gastrointestinal tract 16, 17. In-vivo and in-vitro
studies of glucose absorption have shown that the
delay in glucose absorption in the gastrointestinal
tract is determined mainly by the viscosity of
soluble polysaccharides 18, 13.
Similar observations are reported for insoluble
fiber-rich fractions isolated from Averrhoa
carambola 14. It was hence speculated that the
samples might help retain the glucose in the
intestinal lumen even at a low glucose
concentration. In addition to glucose adsorption,
the retardation in glucose diffusion might also be
attributed to the physical obstacle presented by
fiber particles toward glucose molecules and the
entrapment of glucose within the network formed
by fibers 16, 18.
Inhibitors of carbohydrate- metabolizing enzymes α-amylase, α-glucosidase and sucrase delay
carbohydrate digestion causing a reduction in the
rate of glucose absorption and consequently
blunting the postprandial plasma glucose rise
hence, play an important role in controlling
postprandial blood glucose levels 19. The inhibition
of enzymes activity by medicinal plants might be
attributed to several possible factors such as fiber
concentration, the presence of inhibitors on fibers,
encapsulation of starch and enzyme by the fibers
present in the sample, thereby reducing
accessibility of starch to the enzyme, and direct
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adsorption of the enzyme on fibers, leading to
decreased enzyme activity 8, 20.
Clinically voglibose and miglitol are used as αglucosidase inhibitors, which can cause hepatic
disorders and other negative gastrointestinal
symptoms 21; hence, α-glucosidase inhibitors from
natural sources, especially medicinal plants, are
being promoted for treating postprandial
hyperglycemia 12.
Apart from glucose adsorption, retarded diffusion
and inhibition of carbohydrate metabolizing
enzymes at gut level, one more proposed mode of
action is uptake of glucose by cells through
facilitated diffusion which is demonstrated by yeast
cell model system. The mechanism of glucose
transport across the yeast cell membrane has been
receiving attention as an in-vitro screening method
for hypoglycemic effect of various compounds/
medicinal plants 1.
In this study, it was observed that as the sample and
glucose concentration increased, the glucose uptake
by yeast cells also increased; however, this
relationship will cease to exist once the yeast cells
reach a saturation point. It is reported that in yeast
cells (Saccharomyces cerevisiae), glucose transport
is extremely complex, and it is generally agreed
that glucose is transported in yeast by a facilitated
diffusion process. The effective transport of
intracellular glucose into the cells is attained
through facilitated carriers which are specific
carriers that transport solutes down the
concentration gradient 22.
Along with the presence of fiber, studies suggest
the potential of phytochemicals in combating
diabetic disorders, for which several mechanisms
have been proposed, such as inhibition of
carbohydrate metabolizing enzymes, manipulation
of glucose transporters, β-cell regeneration, and
enhancing insulin releasing activity 3.
The enzyme inhibitory action of plants belonging
to Moraceae family can be attributed to the
presence of phyto-chemicals. Polyhydroxy
alkaloids isolated from mulberry leaf can inhibit αglucosidase 20, Lupeol, tannins, flavonoids,
phenolic glycosides, bergenin, racemosic acid from
Ficus racemosa inhibits α-amylase, α-glucosidase
and sucrase enzymes 23.
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CONCLUSION: Many plant derived drugs have
been developed which are more effective and less
toxic. Scientific validation using appropriate invitro, ex-vivo and in-vivo techniques is essential to
understand the mode of action, establish the
biological and pharmacological effects of
traditional medicinal plants. The present study is
the first ever scientifically reported work
suggesting the possible mechanism of glucose
lowering action of Artocarpus altilis - leaf, bark
and fruit, which are by binding glucose, inhibiting
α- amylase, α- glucosidase and sucrase activities
and also through facilitating the diffusion of
glucose across cell membrane as evidenced by
using yeast cell as model system. Further animal
studies are underway to confirm these observations.
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