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Abstract—Diabetes mellitus is a disease that will increase in 

the future. There are many drugs used to treat this, but they have 

a bad side effect when they used for long term. Breadfruit’s leaf 

(Artocarpus altilis) is one of many plants that contains quercetin, 

a flavonoid that can be used as antidiabetic. This study aimed to 

determine the effect of ethanol extract of breadfruit’s leaf with 

glibenclamide on blood glucose levels rats (Rattus norvegicus). 

This research was conducted with experimental methods using 35 

rats of wistar strain. They were divided into 5 groups, 1 group as 

a negative control, and 4 other groups induced by alloxan, 

further divided into positive control, the treatment group ethanol 

extract of breadfruit’s leaf, the treatment group glibenclamide, 

and the combination treatment group ethanol extract of 

breadfruit’s leaf with glibenclamid. The result statistical analysis 

of research by One-Way ANOVA test was significantly different 

after treatment (p <0.05). Then continued by Post Hoc Tukey test 

results showed that there were not significantly different among 3 

treatment groups. In conclusion ethanol extract of breadfruit’s 

leaf, glibenclamide and the combination treatment group capable 

of lowering blood glucose levels, but there were no significant 

differences between three treatment groups. 

Keywords—antidiabetic, breadfruit’s leaf, diabetes melitus, 

flavonoid, quercetin 

I. INTRODUCTION

Diabetes Mellitus (DM) is a disease that will increase in 
number in the future. According to the World Health 
Organization (WHO), in 2000 the number of DM sufferers 
over the age of 20 was 150 million people and will continue to 
increase every year. The number of DM sufferers is estimated 

to increase to 300 million people in 2025. In 2005, Southeast 
Asia was the highest region in the world with an incidence of 
DM sufferers, namely around 80 million people. The incidence 
of DM in Indonesia has increased quite significantly. 
According to the 2013 Basic Health Research (Rikesdas), in 
2007 DM patients in Indonesia amounted to 5.7%. In 2013, 
DM sufferers in Indonesia increased to 6.9%, or around 
12,191,564 people [1-3]. 

Diabetes mellitus is a group of diseases based on metabolic 
disorders characterized by hyperglycemia as a result of 
absolute insulin deficiency (type 1 diabetes) or relative insulin 
deficiency (type 2 diabetes), which is a condition in which high 
insulin levels are in the blood but its work is ineffective [2-4]. 

Management of type 2 diabetes mellitus is to apply the 
principles of 4 pillars, namely education, meal planning, 
physical activities, and administration of Oral Hypoglycemia 
(OHO) Drugs. One of the OHO is glibenclamide which has a 
mechanism of action to increase insulin secretion from 
pancreatic beta cells. If glibenclamide is used in the long term 
or large doses, it will cause side effects in the form of 
prolonged hypoglycemia and impaired kidney and liver 
function. Therefore, it is necessary to use alternative medicines 
derived from plants as has been done by the people of 
Indonesia since time immemorial. Plants that are empirically 
used by the community to treat DM include cat whiskers, 
parang pumpkin leaves, aloe vera leaves, sambiloto, mahogany 
seeds, and breadfruit leaves [4-11]. 

The breadfruit plant is one of the plants that is often used as 
medicine by the community. Breadfruit plants can grow 
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throughout the Indonesian archipelago, making them easy to 
obtain. This plant contains high flavonoids. One type of 
flavonoid is quercetin which can function as an antioxidant and 
antidiabetic. Quercetin can inhibit intestinal mucosa glucose 
transporter (GLUT) 2 so that it can reduce glucose absorption. 
Also, quercetin can increase insulin secretion from pancreatic 
beta cells. This results in a reduction in the absorption of 
glucose and fructose from the intestine so that blood glucose 
levels fall. So it can be concluded that breadfruit leaves can 
reduce blood glucose levels. Previous research was conducted 
by I Putu Ari Wijana Dipa regarding the effect of the ethanol 
extract of breadfruit leaves on reducing blood glucose levels 
and it was proven that the ethanol extract of breadfruit leaves at 
a dose of 100 mg/kg BW proved to be the most effective in 
reducing blood glucose levels with the effectiveness of 66.77. 
% [11-15]. 

In making a diabetic animal model, researchers used male 
white rats Wistar strain that had been induced by alloxan. 
Alloxan is a substrate that is structurally a simple pyrimidine 
derivative that is hydrophilic which can cause diabetes mellitus 
by inhibiting the glucokinase enzyme and capable of forming 
free radicals that damage pancreatic beta cells. In this study, a 
dose of 120 mg/kg body weight was used intraperitoneally 
[16,17]. 

But in reality, herbal plants have not been able to fully 
replace the function of chemical drugs, so diabetes mellitus 
patients do not allow to consume only breadfruit leaves without 
OHO. Therefore, researchers are interested in examining the 
extent to which the effect of the ethanol extract of breadfruit 
leaves on diabetes mellitus compared to glibenclamide and the 
use of breadfruit leaf ethanol extract combined with 
glibenclamide in reducing blood glucose levels of alloxan-
induced rats [18]. 

II. RESEARCH METHODS 

A. Tool 

The tools needed in this research are macerator, tissue, 
cotton pad, rotary evaporator, filter paper, extract container, 
refrigerator, balance as a means of making breadfruit leaf 
ethanol extract. Centrifuge, spectrophotometer, cuvette, test 
tube, ependorphous tube, micropipette as a means of checking 
blood glucose. Sonde (force-feeding needle), 3 ml syringe, and 
mouse cage in the form of a plastic box with open top and 
covered with the woven wire as tools used when treating mice. 

B. Material 

1) Test material: The test material used in this study was 

the ethanol extract of breadfruit leaves. The breadfruit leaves 

used to make the extract are collected from the breadfruit tree 

that grows in the Cibeber-Cilegon plantation. The leaf 

selection criterion used is that the leaves are quite old and 

grow on the 3rd to 7th leaves from the shoots of the stem. 

2) Chemical material: 96% ethanol, alloxan, distilled 

water, blood glucose reagent, standard solution. 

3) Test animals: The animals used in this study were male 

white rats Wistar strain, with bodyweight ranging from 200-

300 grams, aged 2 - 3 months, as many as 35 tails. These mice 

were obtained from Biofarma Bandung. 

C. Procedure 

1) Preparation of test animals: There were 35 rats used 

and an adaptation was carried out for 14 days in the animal 

cage of the Faculty of Animal Unjani. Weighing body weight 

was carried out at the first time of collection and before 

alloxan induction 120 mg/kg BW intraperitoneally and before 

being given treatment. Rats were divided into 5 groups, 

namely negative control, positive control, and 3 treatment 

groups. 

2) Treatment: After 14 days of adaptation, the control 

group and 3 treatment groups were induced by alloxan 120 

mg/kg BW. The next day, blood was drawn through the orbital 

veins of the mice to measure the first blood glucose levels. 

Furthermore, each group was treated in the form of giving 100 

mg/kg BW breadfruit leaf ethanol extract and 0.45 mg/kg BW 

glibenclamide inserted into the stomach of the rats using an 

oral sonde. The dose given was adjusted according to the 

bodyweight of the mice. The negative control and positive 

control were not given breadfruit leaf ethanol extract and 

glibenclamide, while in treatment group 1 was given 

breadfruit leaf ethanol extract 100 mg/kg BW, treatment group 

2 was given glibenclamide 0.45 mg/kg BW, and treatment 

group 3 was given a combination of ethanol extract. breadfruit 

leaves 100 mg / kg BW and glibenclamide 0.45 mg / kg BW. 

The treatment was carried out for 21 days. On the following 

day, another blood draw was carried out for the second 

measurement of blood glucose levels. 

III. RESULTS AND DISCUSSION 

A. Effect of Treatments on Blood Glucose Levels 

The blood glucose level of the rats was first checked after 
being induced by alloxan 120 mg/kg BW, except for the 
negative control group. In this study all alloxan-induced rats 
experienced hyperglycemia. Then continued the treatment in 
each group for 21 days. Furthermore, the second examination 
of blood glucose levels was carried out, so that there was a 
decrease in all treatment groups. The difference in blood 
glucose levels before and after all groups can be seen in Figure 
1. 
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Fig. 1. Differences in blood glucose levels before and after treatment. 

To find out the significant difference from the difference in 
blood glucose levels before and after treatment, it was 
continued using the paired T-test. The results for the difference 
in blood glucose levels before and after treatment are shown in 
Table 1. 

TABLE I.  DIFFERENCE IN REDUCTION OF BLOOD GLUCOSE LEVELS 

BEFORE AND AFTER TREATMENT 

No Group 

Average 

blood 

glucose 

levels 

before 

treatment 

(mg/dl) 

Average 

blood 

glucose 

levels after 

treatment 

(mg/dl) 

Average 

difference 

blood 

glucose 

(mg/dl) 

P value 

1 K(-) 68,2 ± 9,985 
92,2 ± 

1,789 
-24 0,008* 

2 K(+) 
131,2 ± 
13,084 

124 ± 0,98 6,8 0,356 

3 P1 
125 ± 

13,528 

73,2 ± 

3,633 
51,8 0,002* 

4 P2 
138,2 ± 

21,441 
92 ± 7,616 46,2 0,021* 

5 P3 
130,6 ± 
8,325 

89,6 ± 
6,465 

41 0,000* 

* Paired T test results: p value <0.05 (significant) 

Note: 
K (-) = negative control 
K (+) = positive control 
P1 = the ethanol extract of breadfruit leaves treatment group 
P2 = glibenclamide treatment group 
P3 = combination between the ethanol extract of breadfruit 
leaves and the glibenclamide treatment group 

Based on the results of the paired T-test in the table above, 
all groups induced by alloxan experienced an increase in blood 
glucose levels. This is thought to be caused by alloxan which 
can damage pancreatic beta cells. Alloxan is selectively toxic 
to pancreatic beta cells because it can enter through GLUT 2 
because of its similar structure to glucose. In this study, alloxan 
was thought to be able to inhibit the glucokinase enzyme found 
in pancreatic beta cells, thereby reducing the formation of ATP 
which is useful for secreting insulin. Alloxan is also able to 
form reactive oxygen species (ROS) in pancreatic beta cells, 
resulting in damage to pancreatic beta cells. These 2 

mechanisms are thought to be able to cause an increase in 
blood glucose levels in mice. In the positive control group, 
there was a decrease in blood glucose levels on the second 
examination of blood glucose levels. This is thought to be 
caused by one of the deficiencies of alloxan, which is 
reversible so that pancreatic beta cells can regenerate from 
damage caused by free radicals after being induced by alloxan 
[15]. 

In the negative control group, there was no increase in 
glucose levels at the time of the first examination of blood 
glucose levels because it was not induced by alloxan. In this 
study, the pancreatic beta cells in these mice were thought to be 
able to secrete insulin according to their function. When 
glucose from food consumed by rats circulates in the blood, it 
will enter the beta cells of the pancreas through GLUT 2. The 
glucose will be diglycolyzed by the enzyme glucokinase to 
produce ATP. ATP activates the process of closing the K 
channels contained in the cell membrane. Inhibition of 
releasing K ions from the cell causes depolarization of the cell 
membrane, which is followed by the process of opening Ca 
canals. Furthermore, Ca2 + ions will stimulate insulin secretion 
from the granules. Ultimately, insulin is secreted. Insulin will 
circulate in the blood and then attach to the IRS which is on the 
cell membrane. This bond causes the activation of GLUT 4 so 
that it can increase the quantity of GLUT 4 on the target cell 
membrane. GLUT 4 has the role of entering glucose into cells 
so that glucose levels in the blood of mice decrease within 
normal limits. However, from the results of this study, in the 
negative control, there was an increase in blood glucose levels 
at the time of the second glucose level examination, although it 
was still within normal limits. This is presumably due to 
excessive food intake at the time of treatment. The food given 
is not proportional to one rat but rather given in a container that 
can be consumed by all rats. 

All treatment groups were able to cause a decrease in blood 
glucose levels. This is thought to be due to a mechanism that 
can reduce blood glucose levels in the ethanol extract of 
breadfruit leaves and glibenclamide. This result is by the 
research conducted by I Putu Ari Wijana Dipa which proved 
that the ethanol extract of breadfruit leaves 100 mg/kg BW can 
reduce blood glucose levels of alloxan-induced rats [14]. 

In this study, the ethanol extract of breadfruit leaves was 
thought to contain substances such as quercetin, which is a 
flavonoid. The flavonoids contained in breadfruit leaves can act 
as antioxidants. Flavonoids have the effect of reducing 
oxidative stress by binding to free radicals. Finally, it is proven 
that breadfruit leaves can maintain the integrity of pancreatic 
beta cells. Quercetin is a flavonoid type of flavonol. This 
substance can reduce glucose in the blood by inhibiting GLUT 
2 in the intestinal epithelial cells so that the absorption of 
glucose by the intestine is inhibited. Also, quercetin can 
increase the influx of Ca2 + in the beta-cell membrane of the 
pancreas so that insulin-filled granules are capable of 
exocytosis, so that insulin levels in the blood increase [9-
13,15]. 
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Glibenclamide has the same effect as one of the 
mechanisms of the ethanol extract of breadfruit leaves in 
reducing blood glucose levels by increasing insulin secretion 
by pancreatic beta cells. This can occur because this drug can 
stimulate insulin secretion from the granules of pancreatic beta 
cells through its interaction with the ATP-sensitive K channel 
on the pancreatic beta-cell membrane [7,8]. 

B. Comparion of the Effectiveness of Each Treatment 

By the previous explanation states that the test for the 
difference in blood glucose levels using paired T-test statistical 
analysis in all treatment groups has a p-value <0.05. This 
indicates that there are significant differences before and after 
treatment. In this study, it was continued with the One-Way 
ANOVA test to determine the differences between all 
treatment groups including the negative control group and the 
positive group. The hypothesis in the One-Way ANOVA test is 
Ho: a = 0 (data between the five groups has no difference), or 
Ha: a ≠ 0 (data between the five groups has differences) with 
the test criteria, namely Ho is rejected if the significance of the 
P-value < 0.05. 

The One-Way ANOVA test in the control group and the 
treatment group showed that the five treatments had significant 
differences with the resulting F test value of 18.288 with a 
significance value of p = 0.000 or p-value <0.05, so the Ho 
hypothesis was rejected. This shows that there is a very 
significant difference in blood glucose levels in more than 2 
groups so that it can be continued with the post hoc test to find 
out how the differences between each group are. The post hoc 
test in this study used the Tukey test with the results listed in 
Table 2. 

TABLE II.  COMPARISON OF THE DIFFERENCES IN BLOOD GLUCOSE 

LEVELS FOR EACH GROUP 

Group Comparison group P value 

K(-) K(+) 0,062 

 P1 0,000* 

 P2 0,000* 

 P3 0,000* 

K(+) P1 0,003* 

 P2 0,011* 

 P3 0,032* 

P1 P2 0,984 

 P3 0,846 

P2 P3 0,988 

*Tukey test results: p <0.05 (there is a significant difference) 

 

Note: Values with different letters (a, b) in the same column 
indicate a significant difference (Tukey P test <0.05), while 
values with the same letter in the same column indicate no 
significant difference (Tukey P test> 0, 05). 

K (-) = negative control 

K (+) = positive control 

P1 = the ethanol extract treatment group of breadfruit leaves 

P2 = glibenclamide treatment group 

P3 = combination group between the ethanol extract of 

breadfruit leaves and the glibenclamide group 
In the Tukey test, the results showed that all treatment 

groups had significant differences with the negative and 
positive control groups, this indicated that the ethanol extract of 
breadfruit leaves, glibenclamide, and the combination of the 
ethanol extract of breadfruit leaves and glibenclamide affected 
reducing blood glucose levels. Based on the P-value in each 
treatment group did not choose. There are significant 
differences, so it can be concluded that the ethanol extract of 
breadfruit leaves, glibenclamide, and the combination of 
breadfruit leaf extract and glibenclamide did not show 
significant differences between treatment groups. 

The ethanol extract of breadfruit leaves and glibenclamide 
was able to reduce blood glucose levels in rats, but not until the 
glucose levels experienced hypoglycemia. This is thought to be 
due to a process that occurs in the rats' bodies to maintain 
normal blood glucose levels so that this study did not show any 
significant differences between treatment groups. 

The combination group between the ethanol extract of 
breadfruit leaves and glibenclamide reduced blood glucose 
levels no better than the breadfruit leaf extract group and the 
glibenclamide group. This requires further research to prove 
whether the combination of the ethanol extract of breadfruit 
leaves with glibenclamide can cause pharmaceutic, 
pharmacokinetic, or pharmacodynamic interactions that can 
reduce the performance of the ethanol extract of breadfruit 
leaves, glibenclamide, or both. 

IV. CONCLUSION 

Breadfruit leaf ethanol extract 100 mg/kg BW, 
glibenclamide 0.45 mg/kg BW, and a combination of breadfruit 
leaf ethanol extract 100 mg/kg BW with glibenclamide 0.45 
mg/kg BW can reduce blood glucose levels in diabetes mellitus 
rats induced by alloxan. However, there was no significant 
difference between treatment groups. 
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