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ABSTRACT 

 
Background: Hyperglycemia in diabetes mellitus causes oxidative stress which increases free radical 
production. The presence of higher malondialdehyde (MDA) level shows the increase of free radicals. 
Soursop leaf can act as an antidiabetic agent based on its role as antioxidant that binds free radicals 
and decreases MDA level. The aim of this research was to prove the effectiveness of soursop leaf extract 
(Annona muricata L.) on pancreatic malondialdehyde (MDA) level in alloxan-induced diabetic rats 
(Rattus norvegicus).  
Subjects and Method: The subjects in this research were 30 rats and divided into five groups of 
treatment ie group I (Negative Control/KI), which was given distilled water and standard feed, group II 
(Positive Control/KII), which was given vitamin E 150 IU/kgBW/day, group III (KIII), which was given 
soursop leaf extract 75 mg/kgBW/day, group IV (KIV), which was given soursop leaf extract 150 
mg/kgBW/day, and group V (KV), which was given soursop leaf extract 300 mg/kgBW/day. Each 
group consisted of 5 rats and was given soursop leaf extract for 21 days after being induced by alloxan 
and high-fat diet. Kruskal-Wallis test and Mann-Whitney test were used to process the data.  
Results: Mann-whitney test showed significant difference in KI compared to KII, KIII, KIV, and KV 
due to their significance values being <0.05 (p <0.05). 
Conclusion: soursop leaf extract 150 mg/kgBW/day is the most effective dose on pancreatic MDA 
levelreduction. 
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BACKGROUND 

Diabetes mellitus (DM) is a group of 

metabolic diseases that characterized by 

hyperglycemia due to abnormalities in 

insulin secretion, insulin action, or both 

(PERKENI 2015). Hyperglycemia is a 

condition in which blood glucose concentra-

tions exceed normal values ≥ 126 mg/dL 

(fasting blood glucose concentrations) or ≥ 

200 mg/dL (blood glucose concentrations 

after had been given 75-gram glucose 

solution) because of absolute or relative 

insulin deficiency in the body (Siswanto 

2012). 

Based on the data from the 

International Diabetes Federation, diabetes 

mellitus possessed a major health problem 

because the number of adults that suffering 

from diabetes has been increased from year 

to year around 108 million people in the 

1980s then increased four times to 415 

million in 2015. The diabetes sufferer 

estimated will experience the increasing of 

prevalence around ± 642 million people in 
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2040 (IDF 2015). Indonesia which ranks 

seventh in the world for diabetes prevalence 

along with China, India, the United States, 

Brazil, Russia, and Mexico. The prevalence of 

diabetes mellitus in Indonesia continued to 

increase, from 1.1% in 2007 to 2.1% in 2013 

(Health Research and Development Agency, 

2013). 

Hyperglycemia in diabetes mellitus can 

increased the production of free radicals. 

This occurred because glucose undergoes an 

auto-oxidation process which causes the 

formation of auto-oxidative glycosylation and 

free radicals as well as polyol pathways that 

reduced the ability of antioxidants to 

suppress free radical activity in the body 

(Rahmawati et al. 2014). As a result of the 

excessive number of free radicals becomes 

unbalanced with antioxidants, this process 

known as oxidative stress (Sanmugapriya and 

Venkataraman 2006). Malondialdehyde 

(MDA) levels, lipid peroxidation in the body 

as a result of the production of free radicals 

that will reacted with poly unsaturated fatty 

acid, therefore it become a determining 

parameter for oxidative stress (Rahman et al. 

2014). 

Pancreatic intracellular antioxidant 

levels can be influenced by free radicals 

because the structure of the cell membrane 

consists of phospholipids, unsaturated fatty 

acids (PUFA), and proteins that very 

susceptible to oxidation processes (Franz 

2007). Therefore, external antioxidants are 

needed, such as flavonoids, isoflavones, 

vitamin C, vitamin E, vitamin A, and others 

as compounds in fruit to maintain the 

balance of antioxidants in the body in order 

to reduced excessive free radicals (Sie 2013). 

Oral hypoglycemic drugs or insulin 

therapy are generally used as diabetes 

treatment. Hypoglycemic drugs had a less 

beneficial effect on diabetic patients, while 

insulin caused an uncontrolled hypoglycemic 

phase (Himawan et al. 2009). In Indonesia, 

traditional medicine from plants has been 

begun to be widely used. Soursop leaves 

(Annona muricata L.) are used as an 

antidiabetic because it can trigger pancreatic 

beta cells to produce the hormone insulin 

and can reduced blood glucose con-

centrations and also worked as antioxidants 

(Winarto and Adnyane 2008). 

In previous studies, a certain doses of 

ethanol extract from soursop leaves were able 

to lower blood glucose concentrations and 

function as an antioxidant which could be 

seen from the reduction in MDA levels of the 

Wistar strain diabetic mice (Rattus 

norvegicus) induced alloxan (Rahman et al. 

2014). 

Another study also stated that the 

ethanol extract of soursop leaves was able to 

restore damaged pancreatic beta cells due to 

oxidative stress as a result of diabetes. This is 

indicated from the reduced level of MDA in 

rat pancreas (Adewole and Caxton-Martins, 

2006).  

SUBJECTS AND METHOD 

1. Study Design 

The type of research that used is an 

experimental study with a research design in 

the form of Posttest Only Control Group 

Design. The research sample used white male 

rat (Rattus norvegicus) obtained from the 

Inter-University Research Center of Life 

Sciences (PPAU-IH), Bandung Institute of 

Technology (ITB). 

2. Study Variables 

The dependent variable was the pancreatic 

malondialdehyde (MDA) level in alloxan-

induced diabetic rats (Rattus norvegicus). 

The independent variable was leaf extract 

(Annona muricata L.) 

3. Study Instruments 

The Measurement of MDA levels in the 

pancreas was conducted by weighing 1 gram 

of clean pancreatic and then homogenizing in 
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a tube appendorf. 1 mL of distilled water was 

added to the pancreas sample. MDA 

examination was carried out by adding 

Thiobarbituric acid 20% (TCA) 200 µL with 

400 µL homogenate. Then the mixture is 

vortexed until blended and then centrifuged 

at a speed of 5000 rpm for 10 minutes. 

Supernatant from the mixture was taken and 

added 400 µL of 0.67% thiobarbiturate 

solution then heated in 95-1000C for 10 

minutes and then being cooled. The chilled 

sample was inserted into the cuvette and 

then measured by spectrophotometry at a 

wavelength of 530 nm (Yulianti and Astari, 

2020). The results of the examination were in 

the form of an absorption value and using 

standard curve to find the number of MDA 

level. 

4. Data Analysis 

Data analysis consisted of univariate analysis 

in mean and standard deviation values, max-

imum, minimum, and percentage values. 

Bivariate analysis was conducted using 

Kruskal Wallis test and Mann Whitney test. 

RESULTS 

1. Sample Characteristics 

From the examination result of the MDA 

levels in the pancreas obtained as showed in 

Table 1 and Figure 1.   

Table 1. Average Malondialdehyde 
Levels in the Pancreas Organ 

 
 
Based on the study results, the mean levels of 

malondialdehyde were obtained from each 

group as shown in Figure 1. 

 

 
Figure 1 Average levels of MDA in the 
pancreas 

Figure 1 showed the mean MDA levels 

in group I as a negative control group which 

was only given with distilled water and 

standard food without alloxan being given 

0.07 nmol/ mL. In the group that fed with 

alloxan, groups II, III, IV and V showed 

varying mean levels of MDA. Group II as a 

positive control group given distilled water, 

hyperlipid food, and vitamin E at a dose of 

150 IU / kgBW / day had a average MDA 

level of 0.19 nmol / mL. In group III, as first 

treatment group which was fed with distilled 

water, hyperlipid food, and soursop leaf 

extract at a dose of 75 mg / kgBW / day, 

obtained an average MDA level of 0.26 nmol 

/ mL. Group IV, as second treatment group 

with fed by distilled water, hyperlipid food, 

alloxan induced, and soursop leaf extract at a 

dose of 150 mg / kgBW / day had a average 

MDA level of 0.16 nmol / mL while group V 

as third treatment group was fed with 

distilled water, hyperlipid food, alloxan 

induced, and soursop leaf extract at a dose of 

300 mg / kgBW / day had a mean MDA level 

of 0.37 nmol / mL. 

Thus, the result of the average MDA 

level of 0.07 nmol / mL was the lowest 

average MDA level that found in group I 

(negative control) which was only fed with 

distilled water and standard food. Then, 

another group that also being treated 

produced a low average MDA level when 

compared to the other treatment groups 
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(group IV) or second treatment group. This 

indicated that the provision of distilled water, 

hyperlipid food, alloxan induction, and 

soursop leaf extract at a dose of 150 mg / 

kgBW / day was a effective way to reduce 

oxidative stress. 

Furthermore, One Way Anova 

statistical calculation conducted to determine 

whether there was a difference in the average 

levels of MDA organ in the pancreas within 

soursop (leaf extract treatment Annona 

muricata L.) group compared to the negative 

and positive control groups. 

The results of the normality test for 

levels of malondialdehyde in the pancreatic 

organ of the diabetic rats in five groups are 

showed in Table 2. 

Table 2. Normality test for malondial-
dehyde levels in the pancreatic organ  
Group Treatment 
Number 

Shapiro-Wilk 
Test 

Group I (negative 
control) 

0.055 

Group II (positive 
control) 

0.610 

Group III 0.753 

Group IV 0.952 

Group V 0.098 

 
Based on the data, it showed that the average 

data of MDA levels in the pancreas is 

normally distributed. Then the study 

continued with the homogeneity test. The 

results of the data transformation test are 

showed in Table 3. 

 

Table 3. Homogeneity test result of the 
malondialdehyde levels in the 
pancreas organ 

Homogeneity Test 
MDA Levels in 

pancreas 

Asymp. Sig 0.015 

The significance value obtained was 0.015, 
which is <0.05 (p-value<0.05).  
 

2. Bivariate Analysis 

After obtained the homogeneity test results 

and showed the research data was not 

homogeneous, furthermore the next step was 

conducting alternative test of Kruskal-Wallis, 

and the result showed in Table 4. 

Table 4 Result of Kruskal-Wallis 
malondialdehyde levels pancreas 

Kruskal-Wallis Test 
MDA 

Pancreas Level 

Asymp. Sig 0.018 

The significance value using the 

Kruskal-Wallis test in Table 5 obtained 

0.018, which is <0.05 (p-value<0.05) so that 

each group showed significantly different 

results, both group I (negative control group 

which only fed with distilled water and 

standard food), group II (positive control 

group with distilled water, hyperlipid feed, 

vitamin E dose of 150 IU / kgBW / day, and 

induced by alloxan), group III (first 

treatment group with distilled water, 

hyperlipid food, induction using alloxan, and 

extracts soursop leaves dose of 75 mg / 

kgBW/ day), group IV (second treatment 

group with distilled water, hyperlipid food, 

induction using alloxan, and soursop leaf 

extract dose of 150 mg / kgBW / day), and 

group V (third treatment group that fed by 

distilled water, hyperlipid food, inducted 

using alloxan, and extracts of 300 mg / kgBW 

/ day of soursop leaves). 

Mann-Whitney test conducted to 

determine the dose of soursop leaf extract 

which has significant effectiveness. Mann-

Whitney test of the data showed in Table 5. 

DISCUSSION 

Alloxan could be given to experimental 

animals because it can induce diabetes 

(Szkudelski, 2001). Alloxan and dialuric acid 

(alloxan reduction products) will formed free 

radicals /Reactive Oxygen Species (ROS). 

The formation of ROS causes the pancreatic 

beta cell membrane to experience depolari-
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zation and increase in calcium ions (Ca+2) 

resulting in activation by the cytosol of 

enzymes that produce lipid peroxidation as 

well as fragmented DNA and protein.  

 

Table 5. Mann-Whitney test result 
Malondialdehyde Levels in Pancreas 

Group p 
Safety 
level 

KN KP vit. E 0.032 Significant 
 EDS 75 0.016 Significant 
 EDS 150 0.016 Significant 

  EDS 300 0.016 Significant 

KP vit. 
E 

EDS 75 0.347 
Not 
Significant 

 EDS 150 0754 
Not 
Significant 

  EDS 300 0.175 
Not 
Significant 

EDS 
75 

EDS 150 0.175 
Not 
Significant 

  EDS 300 0.465 
Not 
Significant 

EDS 
150 

EDS 300 0.117 
Not 
Significant 

Where: KN = negative control, KP = positive 
control, EDS = soursop leaf extract 
 

From the Mann-Whitney test showed 

groups that has significant different can be 

seen in Group I as negative control group 

compared to group II , with a significance 

value of 0.032 (p-value<0.05), group I 

compared with group III, group IV and group 

V with a significance value of each groups 

was 0.016 (p-value<0.05), which average 

MDA levels in this group had a significant 

difference, while the positive control group 

compared to treatment groups I, 2 and 3 

were not showing any significant differences, 

as well as between treatment dose groups. 

This will caused damaging / necrosis of 

pancreatic beta cells, thereby reducing their 

function for insulin synthesis and secretion 

which results in hyperglycemia and 

ketoacidosis (Lenzen 2008). Alloxan inject-

tion at a dose of 120-150 mg / kg body weight 

causes hyperglycemia (Yuriska 2009). Other 

studies have showed that alloxan at a dose of 

125 mg / kgBW given intraperitoneally gives 

a 72-hour hyperglycemic effect (Gumelar et 

al. 2017). 

In the laboratory, group IV the soursop 

leaf extract group with a dose of 150 mg / 

kgBW / day had a lower average value of 

pancreatic MDA levels than group II, which 

the positive control group for vitamin E 150 

IU / kgBW / day, group III, the group with a 

dose of 75 mg / kgBW / day, and group V, the 

group with a dose of 300 mg / kgBW / day, 

where each group had been given distilled 

water, hyperlipid food, and alloxan induc-

tion. However, the mean value of pancreatic 

MDA levels in group IV was not lower than 

the negative control group which was only 

given distilled water and standard food. This 

can occur because the condition of hypergly-

cemia in diabetes mellitus sufferers causes 

oxidative stress so there was an increase in 

free radical production (ROS) through the 

auto-oxidation process of glucose (Sari et al. 

2013). Hyperglycemia can also leaded to 

nonenzymatic glycation and increased in 

polyol pathways which can reduced the 

ability of antioxidants to suppress free radical 

activity in the body resulting in accelerated 

formation of Reactive Oxygen Species (ROS) 

(Rahmawati et al. 2014). 

Oxidative stress can be determined 

using   parameters     of malondialdehyde 

(MDA) levels, which is lipid peroxidation that 

formed due to free radicals and reacted with 

poly unsaturated fatty acids (PUFA) 

(Rahman et al. 2014). 

The increasing number in MDA levels 

which indicated the presence of high 

oxidative stress is expected to be reduced by 

the soursop leaf extract. Soursop leaf extract 

had a variety of compounds that were useful 

for various diseases, such as flavonoid 
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compound. The flavonoid compounds in 

soursop leaf extract thought to have 

antidiabetic properties through their function 

as antioxidants that can tied free radicals, 

hence oxidative stress will be reduced 

(Lukačínová et al. 2008). 

This reduced oxidative stress can 

decrease the incidence of insulin resistance 

and inhibit dysfunction and damage to 

pancreatic beta cells (Song et al. 2005). 

The results of levels of pancreatic 

malondialdehyde in diabetic white rats with 

alloxan induction were tested based on 

statistics using the Kruskal-Wallis test. The 

significance value obtained through the 

Kruskal-Wallis test in five groups was 0.018, 

which <0.05 (group was found to bep-

value<0.05) thus each group was having 

significant different. Afterwards the data was 

tested using the test Mann-Whitney which is 

used to finding out groups with meaningful 

effectiveness. 

Firstly, the acquisition of significant 

differences was found in the group defined as 

negative control and also the positive control 

group for vitamin E because the significance 

value was <0.05 (p-value<0.05). It known 

that giving vitamin E causes a decrease in 

pancreatic MDA levels. The theory sup-

porting this research stated that vitamin E 

was able to stop the free radical chain 

reaction on the fat membrane because the 

vitamin interacted directly with the fat 

peroxidation radicals by giving hydrogen 

atoms (Marks et al. 2000). However, the 

decrease in pancreatic MDA levels in the 

positive control group of vitamin E was not 

be able to match the pancreatic MDA levels 

in the negative control group, hence the test 

results were different. 

Secondly, the results were significantly 

different in the negative control group and 

the group with a dose of 75 mg / kgBW / day 

because the significance value was <0.05 (p-

value<0.05), there was an effect on reducing 

levels of MDA in the pancreas due to the 

soursop leaf extract 75 mg / kgBW / day, 

however this decrease did not match the 

negative control group. Soursop Leaf extract 

was known to have various compounds, one 

of them is a flavonoid with a low reduction 

potential which causes superoxide, peroxyl, 

alkoxyl and hydroxyl radicals to be easily 

reduced (Simamora 2009). However, the 

average results of the MDA levels of the 

pancreas in the group that given with 

distilled water, hyperlipid food, induced by 

alloxan, and given the laboratory soursop leaf 

extract dose of 75 mg / kgBW / day obtained 

a value of 0.26 nmol / mL. This result was 

higher than the average value of pancreatic 

MDA levels in the negative control group 

which was only given distilled water and 

standard feed, which was 0.07 nmol / mL. 

This may occur because the doses still low 

hence there is no inhibitory process against 

the formation of lipid peroxidation and the 

rat’s pancreatic MDA levels did not 

decreased. Other studies showed that 

soursop leaf extract at a dose of 100 mg / 

kgBW can reduced blood glucose and 

malondialdehyde (MDA) levels, cause 

regeneration of pancreatic beta cells, and 

increase antioxidants (Florence et al. 2014). 

Thirdly, there was a significant 

difference in the negative control group and 

also the group with a dose of 150 mg / kgBW 

/ day because the significance value was 

<0.05 (p-value<0.05). This showed there is 

an effect due to soursop leaf extract 

consumption at a dose of 150 mg / kgBW / 

day on the decreased in pancreatic 

malondialdehyde levels even though it has 

not been able to match the levels of 

pancreatic malondialdehyde in the negative 

control group. These results were corres-

ponded with the research of Rahman et al. 

2014) which stated that decreasing MDA 
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levels can occur as a result of an inhibitory 

process of the formation of lipid peroxidation 

which damaged the pancreatic beta cells of 

diabetic white rats (Rattus norvegicus) that 

induced by alloxan. The effect of this 

reduction was estimated due to the active 

compound content in the extract from 

soursop leaves, which is flavonoid 

compounds. Another study that supported 

these results stated that soursop leaf extract 

at a dose of 150 mg / kgBW that has been 

converted for rats weighing 200 grams to 

13.5 mg / kgBW / day showed in 

regeneration of pancreatic beta cells and 

increases nonenzymatic antioxidant activity 

so as to protect pancreatic beta cells. from 

the apoptosis process, preventing 

degeneration of pancreatic beta cells, 

lowering levels of AGEs (Advance Glycation 

End Products), and against showed oxidative 

stress as a result of giving alloxan which 

caused diabetes mellitus (Astini et al. 2017; 

Esmawati 2015). 

Based on laboratory data in this study, 

the group with distilled water, hyperlipid 

feed, induced by alloxan, and soursop leaf 

extract at a dose of 150 mg / kgBW / day 

showed that the average value of pancreatic 

MDA levels was 0.16 nmol / mL which was 

still higher than the negative control group 

which fed only with distilled water and 

standard food, which is 0.07 nmol / mL and 

also with the group with doses 300 mg / 

kgBW / day because the significance value 

was <0.05 (p-value<0.05). It means that the 

extract from soursop leaves at a dose of 300 

mg / kgBW / day had an effect on the levels 

of pancreatic malondialdehyde even though 

it is not equal or not able to match the 

negative control group. The results of the 

mean value of pancreatic MDA levels in the 

300 mg / kgBW / day soursop leaf extract 

group still showed a higher laboratory value, 

0.37 nmol / mL than the negative control 

group which was only given distilled water 

and standard food, which was equal to 0, 07 

nmol / mL. These results were in line with 

the results that obtained from Adewole and 

Ojewole, that stated soursop leaf extract at a 

dose of 200 mg / kgBW / day 

intraperitoneally has showed a toxic effect on 

the pancreas of rats (Adewole and Ojewole 

2006). Thus, this effect was very likely to 

occur in a group of rats that given with 

distilled water, hyperlipid feed, induced by 

alloxan, and soursop leaf extract at a dose of 

300 mg / kgBW / day, causing high 

malondialdehyde (MDA) levels in the rat 

pancreas. 

This study also had a linear correlation 

with other studies, that stated low doses of a 

drug can produced benefits or provide a good 

effect while higher doses of drugs actually 

caused toxicity and damage. Each drug that is 

given will bind to various receptors in the 

body and caused a response. The more the 

dose administered until it reached the 

maximum dose, the more the response is 

generated until it reaches the maximum 

effect. If the administration of a drug has 

reached the maximum dose and the 

maximum effect also will occur, afterwards 

the addition of a higher dose will not result a 

higher effect than the maximum effect 

(Lasagna et al. 1989). The relation between 

dose and the effect formed a sigmoid curve 

(log dose-response curve) which can be seen 

in Figure 2. 

 
 Figure 2. Log Dose-response Curve 
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In this case, soursop leaf extract at a 

dose of 300 mg / kgBW / day was estimated 

to be a higher dose than the maximum dose 

hence it does not have a good effect on MDA 

levels of the rat pancreas. 

Meanwhile, the Mann-Whitney test 

results showed no significant difference 

between the positive control group with 

distilled water, hyperlipid food, vitamin E at 

a dose of 150 IU / kgBW / day, and alloxan 

induction with group III, which is first 

treatment group with distilled water , 

hyperlipid food, alloxan induced, and 

soursop leaf extract dose of 75 mg / kgBW / 

day, group IV, which is second treatment 

group  with distilled water, hyperlipid food, 

induced by alloxan, and soursop leaf extract 

with dose of 150 mg / kgBW / day, and also 

Group V, which is the third treatment group  

with distilled water, hyperlipid food, induced 

by alloxan, and soursop leaf extract at a dose 

of 300 mg / kgBW / day because the 

significance value was p> 0.05 (p-value> 

0.05). The conclusion was that the soursop 

leaf extract at a dose of 75 mg / kgBW / day, 

150 mg / kgBW / day, and 300 mg / kgBW / 

day had the same / equivalent effectiveness 

as vitamin E at a dose of 150 IU / kgBW / day 

on the levels of malondialdehyde in the 

pancreas of white rats with a diabetic model. 

Not significant result were also found 

between group III, which is first treatment 

group with distilled water, hyperlipid food, 

induced by alloxan, and soursop leaf extract 

at a dose of 75 mg / kgBW / day with group 

IV, which is second treatment group  with 

distilled water, hyperlipid food, alloxan 

induced, as well as soursop leaf extract at a 

dose of 150 mg / kgBW / day and group V, 

which is third treatment group with distilled 

water, hyperlipid food, induced by alloxan, 

and soursop leaf extract at a dose of 300 mg / 

kgBW / day. From these results it can be 

concluded that the soursop leaf extract 

dosages 75 mg / kgBW / day, 150 mg / kgBW 

/ day, and 300 mg / kgBW / day had the 

same statistical effectiveness on the levels of 

malondialdehyde in the pancreas of white 

rats in diabetic models with induction using 

alloxan, hence it was possible with the 

smallest soursop leaf extract dosage which is 

75mg / kgBW / day already had an effect on 

rats pancreatic MDA levels. 

Based on statistical test data, both 

positive control of vitamin E dose of 150 IU / 

kgBW / day, extracted from soursop leaves 

with a dose of 75 mg / kgBW / day, 150 mg / 

kgBW / day, and a dose of 300 mg / kgBW / 

day had similar effectiveness against 

pancreatic malondialdehyde levels in diabetic 

rat with induction using alloxan. However, 

based on laboratory data, it was stated that 

soursop leaf extract at a dose of 150 mg / 

kgBW / day was the best able to reduced 

pancreatic MDA levels when compared to a 

positive control of vitamin E dose of 150 IU / 

kgBW / day, extract from soursop leaves at a 

dose of 75 mg / kgBW / days, as well as 

extracts from soursop leaves at a dose of 300 

mg / kgBW / day. 

The conclusions of this study is extract 

from the leaves of soursop (Annona muricata 

L.) was able to reduced levels of malondial-

dehyde (MDA) in the pancreas of diabetic 

white rats (Rattus norvegicus) that induced 

by alloxan, the extract from soursop leaves 

with the best effect on reducing levels of 

MDA in the pancreas of diabetic white rats 

(Rattus norvegicus) induced by alloxan was a 

dose of 150mg / kgBW / day, and vitamin E 

as a positive control was more able to 

reduced pancreatic MDA levels when 

compared to soursop leaf extract at a dose of 

75 mg / kgBW / day and 300 mg / kgBW / 

day but lower than soursop leaf extract at a 

dose of 150 mg / kgBW / day. 
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