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Abstract

The anti-diabetic effects of Artocarpus altilis (A. altilis) leaf powder was investigated by evaluating
the ameliorating effect on glucose concentration and its inhibitory properties of A. altilis leaf powder
towards carbohydrate hydrolyzing enzymes, i.e., a-glucosidase, a-amylase and glucose 6 phosphate
dehydrogenase. Forty (40) adult albino Wistar rats (male) were used for the study. The animals were
divided into five groups of eight rats each.

Hyperglycemia was induced in the rats using alloxan. A diet was formulated using 5% A. altilis leaf
powder. The animals were fed with the formulated diet for four (4) weeks; blood samples were
collected from the animals and analyzed for glucose levels using Accu — Check glucometer. The data
were compared statistically using analysis of variance (ANOVA). There was a remarkable decrease in
blood glucose in both the treated and the pre-treated group. The supplementary diet showed a
significant decrease (P< 0.05) alpha amylase, alpha glucosidase and G6PD inhibitory activity.

The decrease in the blood glucose level of the rats following the administration of the
supplemented diet suggests that the plant leaf possesses anti-diabetic, anti-hyperglycemic and
hypoglycemic effects on alloxan induced diabetic rats. The presence of phytochemicals, vitamins, and
other nutrients such as proteins, lipids, carbohydrates, ash, and other components in the leaf must
have acted synergistically to potentiate the anti-diabetic role of the plant leaf.
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Introduction

Diabetes mellitus (DM) is a metabolic disease with
multiple etiology and many systemic complications,
according to a recent estimate by the World Health
Organization and International Diabetic Federation,
There were 382 million people in the world with
diabetes in the year 2013 and this is projected to
increase to 592 million by 2035." This disease is
associated with reduced life expectancy, significant
mortality, and diminished quality of life. In 2005, an
estimated 1.1 million people died from diabetes and
diabetes complications.” Several studies have
reported on the hypoglycemic property of A. altilis
in animal models of diabetes.’ The use of the leaf is
the common practice in communities that have
acclaimed to its hypoglycemic efficacy. The changes
in the intensity of the hypoglycemic effect of A.
altilis over a predetermined time course will be
informative in establishing its antidiabetic and
medical value in prolonged usage.

In addition, the available drugs (insulin,
sulphonylureas, biguanides, e.t.c.) used in the
management of diabetes mellitus has been
characterized with side effects.* In view of this,
there is a need to search for alternative remedy. Ojo
et al.’ reported that several plants species has been
ascribed with normoglycaemia with little or no side
effect. An example of plant that may be useful in
this category is A. altilis (breadfruit) leaf powder. It
belongs to a family of Moraceae. A. altilis parts have
been used in traditional medicines. ¢ All the
medicinal plants used in the management of
diabetes mellitus must have the abilities of inhibiting
a-amylase and a -glucosidase.

a-Amylase inhibitors are also called starch blockers.
This is because they contain substances that prevent
dietary starch from being absorbed into the body
system, which may be useful in the management of
diabetes. a -Amylase may exert blood glucose
lowering effect through inhibition of salivary and
pancreatic amylase.” In other words, a -glucosidase
inhibitors are  suppressor of postprandial
hyperglycaemia in diabetic mellitus patients by
inhibiting the activity of a -glucosidase in the
intestine, this reduces glucose absorption by
delaying carbohydrate digestion and increasing
digestion time.® Therefore, the aim of this study was
to evaluate the glucose concentration, a -amylase

and a -glucosidase as well as glucose 6 phosphate
dehydrogenase inhibitory activities of A. altilis leaf
powder.

Methods

Materials And Methods
2.1 Chemical and Reagent

a -Amylase, a -glucosidase, para-nitrophenyl- a -D-
glucopyranoside ~ (pNPG),  starch,  maltose,
dinitrosalicylic acid, ferric chloride, Griess reagent,
Folin-Ciocalteu reagent and aluminum chloride were
obtained from Sigma-Aldrich, Germany. All other
chemicals and reagents were of analytical grades.

Result

Alloxan is a drug of choice used to induce diabetes
in animals. In this study, we find out A. dltilis leaf
powder supplemented diet to have significantly
decrease fasting blood glucose level (Table. 1), when
administered for a period of one week to diabetes
rats (p value < 0.05).

Alpha-amylase inhibition potential of the A. altilis
leaf powder supplemented diet was determined
(Table 2). The inhibition of a- amylase in the diabetic
control group was significantly low when compared
to the normal control group, however, treatment
with A. altilis leaf powder supplemented diet
significantly restored the activity to normal, which is
similar to the standard drug-treated group,
however, the inhibitory potential of A. altilis leaf
powder supplemented diet in the pre-treated group
shows a significantly (P < 0.05) increased value,
when compared to all other groups.
Alpha-glucosidase inhibitory potential of A. altilis
leaf powder was also determined (Figure 3). There
was a significant (P < 0.05) increase in the activity of
this enzyme in the serum of the normal control
when compared to the diabetic control, although
the activity of this enzyme in liver and the kidney of
the normal control was insignificantly (P < 0.05)
higher than that of the diabetic control. However,
feeding with A. dltlis leaf powder restored the
values to near normal, the pre-treated group also
showed a significantly (P < 0.05) high values when
compared to the normal control. Similarly,
treatment with standard drug significantly (P <
0.05) increases the values when compared to the
normal control group.
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G6PD activity was significantly decreased in
diabetic animals compared with NDM controls (Fig.
4). Treatment with A. altilis leaf powder normalized
the decrease in G6PD activity of the diabetic control
group. However, pre-treated group showed a
significantly (P < 0.05) high activity when compared
to diabetic group, there was also a significant (P <
0.05) increase in the group treated with standard
drugs.

Discussion

Diabetes can be induced by pharmacological,
surgical, or genetic manipulation in several animal
species especially in rodents.” The majority of
studies have used pharmacological models in which
alloxan is frequently used for induction of
diabetes.” This drug exerts its diabetogenic action
through reactive oxygen species, which cause rapid
destruction of pancreatic B-cells." In the present
study, alloxan was used to induce diabetes in animal
as previously reported.

DM  causes increase in blood glucose
concentration.” Blood glucose in our body is derived
from three sources, which include intestinal
absorption of dietary carbohydrates, glycogenolysis,
and gluconeogenesis.”. Due to insulin deficiency
(secretion or action), gluconeogenesis rises and
subsequently liver production of glucose increases.™
It has been suggested that in insulin-dependent
diabetes, glucose uptake into skeletal muscle and
adipose tissues is compromised.” Moreover, in
experimental diabetes models, intestinal
carbohydrate digestion and absorption are altered
which cause increasing of glucose uptake from the
gut."

In this light, our study revealed that the diabetic
status was associated with an increase in blood
glucose concentration, as there was an observed
significant increase in the blood glucose of
untreated-diabetic rats (Table 1). The A. dltilis leaf
powder supplemented diet mitigated the increase in
blood glucose concentration but the group pre-
treated with the A. altilis leaf powder supplemented
diet had a greater impact in controlling the
increased blood glucose concentration caused by
DM similar to the reference drug (100 mg/kg
metformin). Anti-hyperglycemic activity of A. altilis

leaf may be due to possession of high levels of
polyphenolic compounds and presence of
flavonoids and tannins in this leaf which have been
shown to be involved in the stimulation of the -
cells and the subsequent secretion of preformed
insulin.” The results are in agreement with.”® who
reported the hypoglycemic effect of Vernonia
amygdalina when administered to diabetic rats.

The effect of A. altilis leaf supplemented diet on the
activities of a-amylase and a-glucosidase was
evaluated. The supplemented diet showed potent
inhibition of a-amylase activity. Inhibitors of a-
glucosidase delay the breaking down of
carbohydrate in the small intestine and diminish the
postprandial blood glucose excursion in a person
suffering from diabetes.’” One of the strategies and
methods adopted to cure diabetes mellitus involves
the inhibition of carbohydrate digesting enzymes
such as a-amylase and a-glucosidase in the
gastrointestinal  glucose  absorption  thereby
lowering postprandial glucose level.** This is an
attempt to search for alternatives from medicinal
plants with increased potency and lesser adverse
effects than existing drugs.”

This result is in agreement with previous reports
which indicated that excessive inhibition of
pancreatic a- amylase could result in the abnormal
bacterial fermentation of undigested carbohydrates
in the colon and therefore mild a-amylase inhibition
activity is desirable.” This may be achieved by
hindering the absorption of glucose through
inhibition of the carbohydrate hydrolysing enzymes,
a- amylase and a-glucosidase, in the digestive tract.
Inhibitors of these enzymes delay carbohydrate
digestion, causing a reduction in the rate of glucose
absorption and consequently blunting the post-
prandial increase of plasma glucose.”® The
mechanism of action is through the inhibition of the
last step in carbohydrate digestion, namely the
conversion of disaccharide to monosaccharide
(glucose) and a consequent decrease in the rate of
entry of glucose into the systemic circulation. ** The
pre-treated group showed a similar inhibition
compared with the standard drug.

As for a-glucosidase, both the treated and the pre-
treated group exhibits strong inhibition towards the
activity of the enzyme. This is in line with reports of
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Kwon et al,® which natural a- glucosidase inhibitors
from plants had been shown to have a strong
inhibition  activity against a-glucosidase and
therefore can be potentially used as an effective
therapy for postprandial hyperglycemia with
minimal side effects.

To further confirm the hypoglycemic ability of A.
altilis leaf, glucose-6-phosphate dehydrogenase
(G6PD) levels was evaluated (Table 4). In oxidative
stress, upregulation of G6PD has been reported in
the liver.”® In this experiment, there was a significant
reduction in Glucose-6-phosphate dehydrogenase
(G6PD) activity in the liver of diabetic rats.
Administration of our plant leaf powder via the
supplemented diet resulted in a significant
restoration of G6PD activity compared with the
diabetic rats treated with metformin. The reduction
witnessed in G6PD activity may probably be due to
insulin deficiency as this enzyme activity depends on
insulin. G6PD is the key enzyme in pentose
phosphate pathway which plays a pivotal role in
maintaining normal blood glucose levels. Reduction
in G6PD activity in liver is associated with
obstruction in glucose utilization which results in
hyperglycemia.” The reversal of the changes in this
enzyme activity achieved by the A. altilis leaf powder
supplemented diet, revealed improvement in the
formation of NADPH, favouring lipogenesis and the
use of an alternative channel to dispose excess
glucose via the HMP pathway. These findings are
similar to that of Ramachandran et al.”®

Conclusion

The results obtained in this research indicate that
pre-treatment of diabetes with a. dltilis leaves could
be effective in treating the diabetes in a way
comparable to metformin. It can be concluded that
A. altilis leaf powder exerts an inhibitory effect on,
blood glucose concentration, a glucosidase, a-
amylase, and enhanced the activity of G6PD in
diabetic rats. These results further support the
traditional use of plants in medicine based on their
inhibitory activity of glucose absorption in the body
system. However, further pharmacological and
biochemical investigations are considered necessary
to find out the active constituent and its system of
action to understand the bioactive and ameliorative
potential of the plant.
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TABLE 1: Blood glucose level of A. altilis leaf powder supplemented diet treated and pre-treated DM rats

Treatment Blood glucose concentration (mg/dL) on Weekly basis

Group Initial Glucose Week One Week Two Week Three =~ Week Four

1 77.3%2.91 79.7%4.00 81.4%3.75 80.1£2.38 82.1%+1.10

2 518+7.30 459.0%1.50 409.3%1.18 399.5+1.68 345.5%1.00

3 503+8.10 335.3%3.25 314.4%1.68 238.8+1.42 229.1%£0.78

4 210.3%10.55 191.741.32 173.0+7.11 161.3£5.71 155.7%7.02
5 529.7+36.14 358.1£2.33 303.1£5.6 215.4%3.91 154.3%15.5

Results are expressed as means +SD of four determinations (n=4); values in the same row with different
superscripts are significantly different at P < 0.05.

1= Non-Diabetic control group

2=Diabetic control group

3= Treated group fed with A. altilis leaf powder supplementary diet

4= Pre-treated group fed with A. altilis leaf powder supplementary diet

5= Treated group with standard drug (Metformin
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Table 2.0 : Effects of A. altilis formulated diet on a-Amylase activity in serum, liver, kidney of alloxan-induced
diabetic rats.

Groups Serum Kidney Liver

1 14.2 +0.8° 3.5 2.8 8.82 +1.0°
2 27.2+0.0° 18.2 + 0.5° 12.5+ 0.4°
3 10.9 + 0.5° 6.3 %0.0° 6.9 +0.2°
4 2.4 +1.4° 0.6 +0.0° 1.7%9.7

5 12.7+0.0° 20.5 * 0.5 5.06 + 0.0°

Results are expressed as means +SD of four determinations (n=4); values in the same row with different
superscripts are significantly different at P < 0.05.

1= Non-Diabetic control group

2=Diabetic control group

3= Treated group fed with A. altilis leaf powder supplementary diet

4= Pre-treated group fed with A. altilis leaf powder supplementary diet

5= Treated group with standard drug (Metformin)

Table 3.0: Effects of A. altilis formulated diet on Alpha glucosidase activity in serum, liver, kidney of alloxan-
induced diabetic rats.

Groups Serum Kidney Liver

1 14.7 £1.2° 14.3 = 9.7° 37.0 £ 0.0°
2 6.8 + 0.5° 6.8 +0.5° 10.6 + 0.0°
3 19.5 +1.0° 9.4+1.3° 14.7 £ 1.0°
4 15.8 + 3.1%° 15.8 + 3.1° 290.3+6.7°
5 15.7 +1.3%° 12.8 £ 0.0° 6.8 +0.1°

Results are expressed as means +SD of four determinations (n=4); values in the same row with different
superscripts are significantly different at P < 0.05.

1= Non-Diabetic control group

2=Diabetic control group

3=Treated group fed with A. altilis leaf powder supplementary diet

4= Pre-treated group fed with A. altilis leaf powder supplementary diet

5= Treated group with standard drug (Metformin)
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Table 4.0: Effects of A. altilis formulated diet on G6PD activity in serum, liver, kidney of alloxan-induced diabetic
rats.

Groups Serum Kidney Liver

1 108.6 * 2.4° 138.7 + 112.6™ 4.8 +0.3°
2 74.72 £ 2.4° 64.0 * 0.187¢ 2.8 +0.3°
3 92.76 £3.7° 183.8 £2.9° 3.1+0.0°

4 101.51+ 0.4° 121.5 + 0.4 16.6 * 1.5¢
5 82.95 + 0.9" 47.95 * 0.9 21.8 +1.7°

Results are expressed as means +SD of four determinations (n =4); values in the same row with different
superscripts are significantly different at P < 0.05.

1= Non-Diabetic control group

2=Diabetic control group

3= Treated group fed with A. altilis leaf powder supplementary diet

4= Pre-treated group fed with A. altilis leaf powder supplementary diet

5= Treated group with standard drug (Metformin)
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