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ABSTRACT

Type-2 Diabetes Mellitus (DM) is a transformation of insulin function in peripheral tissues or disorders of pancreatic      

β-cells. The combination of glycation and glucose oxidation in type 2 DM patients results in the formation of AGEs, which 

can result in oxidative stress. One of the attempts to reduce oxidative stress is the use of natural ingredients as a source of 

antioxidants. For example, bitter melon (Momordica Charantia) and snakehead fish (Channa Striata) extracts. The research 

about the combination of bitter melon and snakehead fish extracts to AGEs levels remains limited and has only been tested 

on Wistar rats and mice. This study aimed to determine the effect of the combination of bitter melon and snakehead fish 

extracts on AGEs levels in type-2 DM patients. This study was a clinical experimental randomized double-blind control trial 

performed at Purwosari Public Health Center, Surakarta, and AGEs levels were measured in the Clinical Pathology 

Laboratory of Dr. Moewardi Hospital, Surakarta from July to August 2020. Comparative analysis using the paired sample     

T-test was carried out due to the normal distribution of data, paired and numerical data. The p < 0.05 was considered 

significant with a Confidence Interval (CI) of 95%. A total of 40 subjects consisted of 20 pre- and 20 post-treatment. The 

results of the analysis test showed significant differences in AGEs levels in the pre- pg/mL and the post-treatment with levels 

of 70.78 (53.47-321.93) and 39.91 (34.70-71.85) pg/mL (p=0.001), respectively in the group that received the combination of 

bitter melon and snakehead fish extracts. There was an effect in AGEs levels after receiving the combination of bitter melon 

and snakehead fish extracts. It was concluded that the combination of both materials can be used as a supplement to reduce 

complications of type 2 diabetes. Further research was needed to specifically measure the AGEs products that have 

decreased.
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INTRODUCTION

       

Type-2 Diabetes Mellitus (DM) remains a world 

health problem in several countries, both in 

industrialized and developing countries due to the 

increasing prevalence and incidence. Therefore, in 

some developing countries, it is encouraged to 

improve people's healthy living behavior. The World 

Health Organization (WHO) predicts that the 

number of DM sufferers in Indonesia from 8.4 million 

in 2000 will be increased to approximately 21.3 

million in 2030. According to the International 

Diabetes Federation (IDF), Indonesia is a country with 
ndthe 2  highest diabetes case. It is estimated that 

there will be 10.6 million DM cases in the age range 
1,2of 20-79 years worldwide.

The combination of glycation and glucose 

oxidation in type 2 DM patients results in the 

formation of Advanced Glycation End Products 

(AGEs), which can cause oxidative stress. Increased 

oxidative stress is followed by increase in free 

radicals, which results in an increased lipid 

peroxidation, which then also activates the 
3formation of AGEs.  Excessive accumulation of AGEs 

in tissues is found in DM patients, and AGEs play a 

relevant role in tissue changes and clinical 

complications associated with this disease. The 

increase in AGEs levels is due to an increase in 

dicarbonyl precursors, such as methylglyoxal, 

malondialdehyde, and 3-deoxyglucosone. Elevated 

levels of AGEs correlate with peripheral and 

autonomic neuropathy with neuropathic foot ulcers 

and may exacerbate ulceration and endothelial 
4dysfunction in diabetic neuropathic patients.

Attempts to minimize complications need to be 

carried out in patients with type 2 DM to reduce 

oxidative stress, one of which is by the use of natural 

ingredients as a source of antioxidants, such as bitter 

melon fruit (Momordica charantia), and snakehead 

fish (Channa striata) extract in improving 
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5-7hyperglycemic conditions.  Bitter melon can inhibit 

the carbonyl group in the formation of AGEs and 
8increase insulin sensitivity and lipolysis.  In addition, 

several studies have shown that the hypoglycemic 

effect of bitter melon is comparable to oral drugs 

such as tolbutamide, chlorpropamide, and 
9glibenclamide.  Administration of snakehead fish 

extract against Wistar, which has been induced by 

alloxan can regenerate pancreatic islets of 

Langerhans tissue and succeeded in reducing blood 
10glucose levels by 34.42%.  Snakehead fish extract 

given in a dose of 30 mg/Kg/day can act as an 
11antioxidant by reducing the level of oxidative stress.

  Based on the background, increasing levels of 

AGEs can increase oxidative stress, which triggers 

type-2 DM complications. In addition to the limited 

study on the combination of bitter melon and 

snakehead fish extract to AGEs levels and its mere 

test on Wistar rats and mice, administration of a 

combination of bitter melon extract and snakehead 

fish is expected to reduce AGEs levels in type-2 DM 

patients. Therefore, the authors aimed to analyze the 

effect of bitter melon and snakehead fish extract on 

patients with type 2 diabetes to analyze the AGEs 

levels before and after administration.

METHODS

    

An experimental research design was used in this 

study. This research was conducted with initial 

measurement (pre-test) and final measurement 

(post-test). Subjects in this study were divided into 

two groups such as the standard therapy group and 

the group of standard therapy with administration of 

the extract. The standard therapy group consisted of 

20 subjects administrated with only glibenclamide 

2x5 mg and metformin 1x500 mg without the 

addition of a combination of 300 mg bitter melon 

and 300 mg snakehead fish extract, whereas the 

group of standard therapy with extract also 

consisted of 20 subjects administrated with 

glibenclamide 2x5 mg and metformin 1x500 mg and 

a combination of 300 mg bitter melon and 300 mg 

snakehead fish extract.

      The study was performed at the Purwosari Health 

Center in Surakarta and tested at the Clinical 

Pathology Laboratory Installation of the RSDM in 

Surakarta from July to August 2020. The target 

population of this study was type-2 DM patients. 

Research subjects in this study were selected by 

simple random sampling. The inclusion criteria of 

research subjects included male and female patients 

with type-2 diabetes, age > 18 years, willingness to 

participate in the study, and signing the informed 

consent. Exclusion criteria for research subjects 

included patients with a history of macrovascular 

complications of DM and allergies to bitter melon 

and snakehead fish extract based on the anamnesis 

or medical records. Drop-out criteria included 

patients with complaints of allergic reactions related 

to bitter melon extract and snakehead fish as side 

effects during the administration period, 

discontinuation of drugs, early resignation, 

worsening conditions, or death.

      Serum was used as the sample in this study and 

AGEs levels were measured using the ELISA method 

(Raito RT-2100 C) with a unit value of pg/mL. The 

reagent kit material of Human AGEs ELISA kit (96 

tests) from MyBioSource, United States of America 
12(USA), San Diego was used.

      Data on the characteristics of gender, age, Body 

Mass Index (BMI) of long-suffering from DM and 

HbA1c of research subjects were presented in 

analytical form. The basic variables were described as 

mean and Standard Deviation (SD). Shapiro-Wilk test 

(p means > 0.05) was used for the statistical analysis 

of the data with a sample of < 50. To analyze the 

mean difference between groups, the independent 

sample T-test was used for normally distributed data, 

while the Mann-Whitney test was used for data with 

the abnormal distribution. To determine the mean of 

pre and post-therapy in one group, paired T-test or 

paired sample T-test was used for data with normal 

distribution, while the Wilcoxon test was used for 

data with the abnormal distribution. The data was 

processed using a computer statistical program to 

determine the p-value < 0.05 with a 95% confidence 

level.

This research had received approval from the 

Health Research Ethics Committee of the Dr. 

Moewardi Hospital with number 934/VII/ 

HREC/2020.

RESULTS AND DISCUSSIONS 

      

The characteristics of the research subjects 

analyzed in this study consisted of gender, age, BMI, 

length of DM, and HbA1c of a total of 40 subjects. 

Based on the characteristic of gender, 20 subjects in 

the standard therapy group consisted of 17 (85%) 

females and 3 (15%) males, while 20 subjects in the 

group of standard therapy with extracts consisted of 

10 (50%) females and 10 (50%) males (p=0.020), 

indicating a significant difference in the number of 

samples based on gender in both groups (Table 1). 

These results were following the results of the 

Riskesdas in 2018, which found that DM patients in 

Indonesia were 1.8% females > 1.2% males. Similar 
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results were also obtained in African, North African, 

South American, and Central American countries. 

The higher percentage of females suffering from 

diabetes is due to an increase in the hormone 

testosterone during menopause, resulting in an 

increased visceral fat deposition, which will be a risk 

for type-2 diabetes. Increased testosterone levels 

result in the activated androgen receptor in the 
13pancreatic beta-cell leading to diabetes.

      Based on the characteristics of age, the average 

age in the standard therapy group and the standard 

therapy group with study extract was 63.75±9.43 

years and 65.45±6.75 years (p=0.516), respectively 

indicating no significant age difference between 

both groups (Table 1). These results were in 

accordance with results by Riskesdas in 2018, which 

found the most type-2 DM patients were at the age 

between 55-64 years (6.3%) followed by age 

between 65-74 years (6.0%). The cause of a large 

number of people with type 2 DM in this age range is 

due to hormonal disorders and high consumption of 
14-17alcoholic beverages.  Consumption of alcoholic 

beverages can cause people at risk of diabetes due to 

their ability to interfere with liver function to store 

glucose as glycogen, increase appetite toward 

unhealthy foods that have the potential to be obese, 
18-20and interfere with insulin sensitivity.

      Based on the characteristics of BMI, the average 

BMI in the standard therapy group and the standard 

therapy group with test material was 24.69±3.84 
2 2kg/m  and 25.31±3.87 kg/m  (p=0.612), respectively 

indicating no significant differences in BMI between 

both groups (Table 1). These results were in 

accordance with the results by PERKENI in 2019, 

which found that the group with excess body weight 
2with BMI of 23 kg/m  was at risk of type-2 DM. 
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According to the CDC in 2020, about 89% of people 
2 21with diabetes are overweight (BMI=25–29.9 kg/m ).

       Based on the characteristics of length of DM, the 

median value (min-max) in the standard therapy 

group and the standard therapy group with test 

materials were 7.50 (5-10) years and 8.50 (5-24) years 

(p=0.136), respectively suggesting no significant 

difference in the length of DM between both groups 

(Table 1). This was in line with research by 

Raghavendran et al., which found that 40.5% of 

subjects in India had suffered from type 2 DM for     

6-10 years. In addition, research in Turkey in 2019 

also found that there were 47.9% and 31.7% subjects 

who had suffered type 2 DM above 9 years and 6-9 
22,23years, respectively.

Based on the characteristics of HbA1c, the 

average HbA1c levels in the standard therapy group 

and the group of standard therapy with extract was 

8.50 (5.20-14.20)% and 8.80 (6.40-15.80)% (p=0.588), 

respectively indicating no significant difference in 

HbA1c levels between both groups (Table 1). These 

results were in accordance with the results by 

PERKENI in 2019 suggesting that HbA1c test with a 

standardized method and a value of 6.5% 

(uncontrolled diabetes for 3 months) is used as one 

of the criteria for the diagnosis of type 2 DM and to 

determine therapy and escalation of therapy. A study 

in China in 2019 found irregular HbA1c values using 

basal insulin on average of 9.9±2.0% and regular 

HbA1c using basal insulin therapy on average of 
249.5±2.0%.

The results of the analysis test for the comparison 

of pre- and post- AGEs levels in the standard therapy 

group showed pre-AGEs levels of 37.47 (30.27-53.49) 

pg/mL and post-AGEs levels of 40.92 (31.49-48.39) 

pg/mL (p=0.021), suggesting a significant difference in 

Table 1. Basic characteristics of research subjects

 Variable
 

Standard Therapy (n=20) 
Standard Therapy+Test 

Materials (n=20) P
 

Total n(%) 
 

Mean  Total n(%)
 

Mean 

Gender      

      Male 3 (15%)  10 (50)   0.020  

      Female 17 (85%)   10 (50)   0.020  
Age (years)    63.75±9.43*  65.45±6.75* 0.516 

BMI (kg/m
2
)  24.69±3.84*  25.31±3.87* 0.612 

Length of DM (years)  7.50(5-10)**  8.50(5-24)** 0.136 

HbA1c (%)  8.50 (5.20-14.20)**  8.80 (6.40-15.80)** 0.588 
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Note : Mean value * = normal distribution (mean±SD), independent sample T-test, ** = abnormal distribution, [Median    

(min-max)], Mann-Whitney test, n=total of research subjects, min-max= minimum-maximum, BMI: Body Mass Index, DM: 

Diabetes Mellitus, kg: kilogram, m  : meter square, HbA1c: hemoglobin A1c, p < 0.05 significant, CI=Confidence Interval of 95%     
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Table 2. Comparison of pre- and post-treatment AGEs levels in the standard therapy group

 

Variable 

Standard Therapy Group 
 

Pre Post p
 

Mean±SD Mean±SD 

AGEs (pg/mL) 37.47 (30.27-53.49)* 40.92 (31.49-48.39)* 0.021  

 
Note: Mean *= abnormal distribution, [Median (min-max)], Wilcoxon test, min-max= minimum-maximum, SD=Standard 

Deviation, AGEs: Advanced Glycation End Products, SD: Standard Deviation, pg: picogram, mL: mililitre, p < 0.05 significant, 

CI=Confidence Interval of 95%      

Table 3. Comparison of pre- and post-treatment ages levels in the group of standard therapy with test material

Variable 

Group of Standard Therapy+Test Material 
 Pre Post p
 

Mean±SD Mean±SD 

AGEs (pg/mL) 70.78 (53.47-321.93)* 39.91 (34.70-71.85)* 0.001 

 
Note: Mean *= abnormal distribution, [Median (min-max)], Wilcoxon test, min-max= minimum-maximum, SD= Standard 

Deviation, AGEs: Advanced Glycation End Products, SD: Standard Deviation, pg: picogram, mL: mililitre, p < 0.05 was 

significant, CI=Confidence Interval of 95%          

Table 4. Comparison of pre- and post-treatment delta ages levels in the standard therapy group and a group of 

standard therapy with test material 

Variable 
Standard Therapy Group 

Group of Standard Therapy with 

Test Material  p 

Mean Min Max Mean Min Max  

Delta AGEs (pg/mL) 3.24±5.59* -6.48 11.99 -17.13±14.68* -39.37 11.98 0.001 

 Note: Mean value *= normal distribution (mean±SD), Independent sample T-test, min-max= minimum-maximum, AGEs: 

Advanced Glycation End Products, SD: Standard Deviation, pg: picogram, mL: millilitre, p <0.05 was significant, 

CI=Confidence Interval of 95%

the levels of pre- and post-treatment AGEs in the 

standard therapy group (Table 2). Analysis test results 

for comparison of pre- and post-treatment AGEs levels 

in the group of standard therapy with  the extract 

showed pre-AGEs levels of 70.78 (53.47-321.93) pg/mL 

and post-AGEs levels of 39.91 (34.70-71.85) pg/mL 

(p=0.001), indicating a significant difference in the 

levels of pre-and post-treatment AGEs in the group of 

standard therapy with the extract (Table 3).

The results of the comparison analysis of delta 

AGEs before and after treatment in the standard 

therapy group and the group of standard therapy 

with the extract showed a mean value of 3.24±5.59 

pg/mL and (-17.13)±14.68 pg/mL (p=0.001), 

respectively indicating a significant difference in the 

levels of delta AGEs in both groups (Table 4). The 

average result of the delta variable in the group of 

standard therapy with the test material was negative, 

suggesting a significant decrease in AGEs levels. This 

means that standard therapy with a combination of 

bitter melon and snakehead fish extract can provide 

benefits to reduce AGEs levels, thereby reducing the 

risk of complications of type 2 DM. 

This study was in accordance with Aljohi et al. that 

bitter melon extract has many amino acids that 

inhibit carbonyl groups during the protein glycation 

process. According to Wang and Ryu who 

researched on bitter melon extract on mice, it was 

found that bitter melon extract can reduce lipid 

peroxidation. Research by Suhendi et al. using 

snakehead fish extract on Wistar found that albumin 
25in snakehead fish can inhibit lipid peroxidation.  The 

research by Muhtadi and Pangestuti in 2019 using 

extracts of bitter melon and snakehead fish on 

hyperglycemic rats found that the combination of 

ethanol extract of bitter melon at a dose of 300 

mg/kg BW and snakehead fish powder at a dose of 

300 mg/kg BW could lower blood sugar levels higher 

than administration of ethanol extract of bitter 

melon, and 300 mg/kg BW and snakehead fish 
26powder 300 mg/kg BW single.  This study tried the 

same thing but with human subjects with type 2 DM 
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who received standard therapy with a combination 

of 300 mg bitter melon extract and 300 mg 

snakehead fish extract. In addition, this study found a 

significant decrease in serum AGEs levels. The 

strength of this study was the use of the 

experimental design on humans that have previously 

been carried out on animals, thereby adding a 

reference on the causal relationship to the use of 

bitter melon and snakehead fish extract, especially in 

type 2 DM patients. The limitations of this study 

include the lack of references using human subjects 

related to this study due to the mere use of animal 

subjects in most studies. However, there was no 

reference value of AGEs levels in this study, that this 

study was unable to provide an overview of AGEs 

levels that are at risk for complications of type 2 DM. 

This study has not been able to measure specifically 

the types of the AGEs product, including CML, CEL, 

pyrraline, or pentosidine which have decreased. The 

study was only carried out at one center that it was 

unable to determine any differences at different 

centers.

CONCLUSIONS AND SUGGESTIONS

      

Based on the results of this study, it was 

concluded that there was an effect of combination 

between bitter melon and snakehead fish extract 

proven by a significant decrease in AGEs levels in 

type 2 DM patients (p=0.001). The combination of 

bitter melon and snakehead fish extract can be used 

as a supplement to reduce the occurrence of 

complications of type 2 DM. 

Futher research is needed to specifically measure 

the parts of AGEs products that have decreased 

including, CML, CEL, pyrraline or pentosidine.
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