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ABSTRACT 

Background: DM is metabolic disease can prolong wound healing phase and cause oxidative stress that can affect 

cardiac damage such as degeneration, hypertrophy, and necrosis. They can be inhibited by the effect of 16 ml/kg 

BW CM containing palmitic acid (18.30%), albumin (3.6147g/dl), and amino acids are leucine (1.58%) and valine 

(0.97%). It's proven to accelerate wound healing in normal Wistar rats and DM. However, CM extract on the 

cardiac is unknown, so an acute toxicity test was carried out for 14 days. Purpose: To analyze the effect of oral 

administration of CM extract at an effective dose of 16 ml/kg BW on the histopathological exam of degeneration, 

hypertrophy, and cardiac necrosis of normal Wistar rats and diabetic models. Method: This study is true 

experimental study with a post-test only control group design which is divided into 4 groups are 2 groups of Wistar 

rats normal and diabetic models who were given CM extract at an effective dose of 16 ml/kg BW, 2 groups consisted 

of normal Wistar rats and diabetic models which were only given BR2 feed. Results: T-Independent test and the 

Mann-Whitney test showed that there was a significant difference between degeneration and hypertrophy (p<0.05) 

and necrosis. There was no significant difference (p>0.05). Conclusion: The effective dose of CM extract 16 ml/kg 

BW had an effect on the cardiac of normal Wistar rats and diabetic models in the form of a decrease in the level of 

damage to degeneration, hypertrophy, and cardiac necrosis. 
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INTRODUCTION 

Diabetes Mellitus (DM) is a metabolic disease 

characterized by blood sugar levels (hyperglycemic) 

as a result of impaired insulin production, insulin 

secretion, or insulin resistance. The prevalence of 

DM in Indonesia based on data from the Ministry of 

Health of the Republic of Indonesia (2019) is 10,7 

million people, while the province of South 

Kalimantan is 1.3 million people.1 One of the 

complications of DM is cardiac disease and the field 

of dentistry is oral diabetes as a chronic inflammation 

due to the prolongation of the wound healing phase 

due to hyperglycemia conditions which then causes 

oxidative stress.1 Stress Oxidative oxidation can be 

inhibited by antioxidants that neutralize free radicals 

produced by Reactive Oxygen Species (ROS). One of 

these antioxidants is albumin which contains content 

that is used in traditional medicine.2 

Traditional medicine is one part of alternative 

medicine for health maintenance, treatment, and 

disease prevention which is considered safer when 

compared to modern medicine because it has 

relatively lower side effects.3 Toman fish or Channa 

micropeltes (CM) is a specific fish with specific the 

highest albumin content from the Channadae group 

was 5.35%.4 CM had to go through a toxicity test to 

qualify as traditional medicine. 

The use of traditional medicine should not 

have adverse side effects so it requires knowledge of 

drug doses and the dangers of a substance through 

toxicity tests. Toxicity tests can then be seen from 

changes in the structure or function of the cardiac 

organ.5 In DM conditions, oxidative stress occurs and 

then causes endothelial dysfunction. This condition is 

an indicator of degeneration, namely air 

accumulation, hypertrophy, which is an increase in 
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cell size and cell nucleus, and necrosis, where cells 

undergo lysis.6 This then triggers atherosclerosis 

which can trigger cardiac disease.7,8 

In the studies of Nicodemus et al (2014) and 

Apriasari et al (2020), it was found that the effective 

dose of CM extracts for wound healing in normal 

Wistar rats and diabetic models was a dose of 16 

ml/kg BW. This dose was effective in closing the 

wound and wound contraction completely in normal 

Wistar rats on day 7 and diabetic rat model on day14. 

Based on this, it is necessary to conduct further 

research on the toxicity test of CM extract at an 

effective dose of 16 ml/kg BW on histopathological 

features of degeneration, hypertrophy, and cardiac 

necrosis of Wistar rats.9,10 analysis of toxic effects 

occurred within 14 days after presenting the 

preparation orally in a single dose or repeated doses 

to test animals for 14 days. 

 

RESEARCH METHODS  

This research is a true experimental study 

with posttest-only control design with ethical 

eligibility No. 069 / KEPKG-FKGULM / EC / VI / 

2022 by the Faculty of Dentistry Lambung 

Mangkurat University. The study population was 

healthy Wistar rats weighing 200-300 grams and 2-3 

months old. Wistar rats did not die, were disabled, 

and lost >10% body weight after adaptation. Samples 

were taken using the technique of simple random 

sampling in four groups. The groups are (K1) a group 

of normal Wistar rats fed BR2 orally for 14 days, 

(K2) a group of normal Wistar rats fed BR2 and CM 

extract with an effective dose of 16 ml/kg BW orally 

for 14 days, (K3) a group of diabetic Wistar rats fed 

BR2 orally for 14 days, and (K4) a group of diabetic 

Wistar rats fed BR2 and CM extract at an effective 

dose of 16 ml/kg BW orally for 14 days. 

CM Extract Manufacture 

CM used in this study had total weight 11 

kg. The CM used in this study had a total weight of 

11 kg. CM meat that has been cleaned should be 

steamed in a pan for ±30 minutes at a temperature of 

70-80oC. The meat is then wrapped in flannel cloth 

and whatman paper and then put into a hydraulic 

press for the pressing process. The resulting extract 

was put into a 7.5 ml test tube and centrifuged at 

6000 rpm speed for 15 minutes. The results of 

centrifugation obtained 700 ml (oil and water phases) 

and 50 ml precipitate which was then separated. The 

CM extract was stored in a refrigerator at 4oC in a 

clean dark glass bottle to prevent oxidation and 

contamination by covered with aluminum foil. 

 

Induction of Diabetes Mellitus 

 The Wistar rats model used was a type 1 

diabetes mellitus model by injecting streptozotocin 

(STZ) at a dose of 40 mg/ kg BW. Blood sugar levels 

were checked with a glucometer before and 3 days 

after STZ induction. The blood sugar level of diabetic 

rats is ≥126 mg/dL. 

Experimental Animal Treatment 

Wistar rats were given CM extract 16 mL/kg 

BW orally using a gastric probe for 14 days. On 15th 

day, Wistar rats were euthanized by being given 

intraperitoneal anesthesia with a mixture of ketamine-

xylazine 1:1 ratio ketamine a dose of 91 ml/kg BW 

and xylazine 9.1 ml/kg BW and injected as much as 

10 ml/kg BW for each experimental animal, wait a 

few minutes until they are unconscious dan the 

cardiac organ is taken. 

Handling of Wistar Rat Carcasses 

Wistar rats had their cardiac organs removed 

were cleaned first with water and wrapped in white 

cloth and then buried to a depth of 75 cm. 

The Making of Histopathological Preparations 

 Histopathological preparations were made 

by fixing the cardiac organ. Cardiac immersed in 

solution Buffer Neutral Formalin (BNF) 10% for 24 

hours and washed with water. In the processing stage, 

the cardiac is inserted into 12 different reagents. The 

embedding stage, the cardiac is taken with tweezers 

and blocked using a paraffin block. The hardened 

paraffin blocks were cut with a thickness of 4-7 µm 

using a microtome. Samples are inserted into a 

floating bath that contains water with a temperature 

of 49oC which is to stretch the cut and put it on the 

object glass. The object glass is put into the incubator 

for ± 2-3 hours until the sample dries. 

 In the staining process, the tissue slices 

located on the object glass are inserted into the 

reagent and washed with water. Tissues soaked in 

Haematoxylin (10 minutes) and washed with water 

(10 minutes). The sample is immersed in Eosin for 3-

5 minutes, then soaked in ethanol. Dehydrated 

ethanol 70%, 80%, and 90% (2 times). Then done 

clearing with Xylen (3-4 times). Canada balsam is 

applied to an object glass that has been colored and 

then covered with cover glass. Histopathological 

were observed using microscope OLYMPUS U-

CTR-2 with 400x magnification in 5 fields of view. 

Analysis of Histopathological Preparations 

Histopathological analysis in this study used 

3 indicators is degeneration, hypertrophy, and 

necrosis. With criteria, are: 
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• Degeneration: there are changes in the cytoplasm 

of cells in the form of swelling, and 

accumulation of water or fat. 

• Hypertrophy: there is an increase in the size of 

the cell and the nucleus of the cell. 

• Necrosis: there are changes in the cell nucleus in 

the form of clumping or lysis. 

The method of assessment is in the form of 

scoring, are:6 

• Score 0: Normal (0% damage). 

• Score 1: Minor damage (>0%-25%). 

• Score 2: Moderate damage (>25%-50%). 

• Score 3: Heavy damage (>50%-75% or more). 

Data Analysis and Statistical Evaluation 

 The research data obtained were analyzed 

using the test T-Independent test and Mann-Whitney 

test to compare and see the significant difference 

between 2 different groups. The data in the study 

were processed using a computer program SPSS. 

 

RESULT 

Microscopic Examination in Normal Rats 

Degeneration 

   

Figure 1: Degeneration. (K1) A group of normal Wistar 

rats fed BR2 diet was found to have moderate damage 

covering 25-50% of the total field of view. (K2) A group of 

normal Wistar rats with CM extract found mild damage of 

<25% of the total visual field. Arrows indicate 

degeneration. 

Hypertrophy 

  

Figure 2: Hypertrophy. (K1) A group of normal Wistar rats 

fed BR2 diet was found to have moderate damage covering 

25-50% of the total field of view. (K2) A group of normal 

Wistar rats with CM extract found mild damage of <25% 

of the total visual field. Arrows indicate hypertrophy. 

 

Necrosis 

  

Figure 3: Necrosis. (K1) A group of normal Wistar rats fed 

BR2 feed. (K2) Wistar rat group normal with CM extract. 

There was no histopathological picture of necrosis. 

Microscopic Examination in Diabetic Rats Model 

Degeneration 

  

Figure 4: Degeneration. (K3) The group of diabetic Wistar 

rats that were given BR2 diet was found to have moderate 

damage covering 25-50% of the total field of view. (K4) A 

group of diabetic Wistar rats with CM extract was found to 

have mild damage of <25% of the total visual field. Arrows 

indicate degeneration. 

Hypertrophy 

  

Figure 5: Hypertrophy. (K3) The group of diabetic Wistar 

rats that were given BR2 diet was found to have moderate 

damage covering 25-50% of the total field of view. (K4) 

The group of diabetic Wistar rats with CM extract was 

found to have mild damage of <25% of the total visual 

field. Arrows indicate hypertrophy. 

Necrosis  

  

Figure 6: Necrosis. (K3) The group of diabetic Wistar rats 

that were given BR2 diet was found to have minor damage 

of <25% of the total visual field. (K4) The group of 

diabetic Wistar rats with CM extract showed no signs of 

necrosis. The arrow indicates the presence of necrosis. 
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Figure 7: The histopathological mean and standard 

deviation of degeneration, hypertrophy, and necrosis of 

normal Wistar rats and diabetic models with significant 

differences by code (letters). 

DISCUSSION 

The results showed that there was 

degeneration in the normal K1 and K2 groups of rats. 

The K1 group found degeneration with moderate 

damage compared to the K2 group, which had mild 

degeneration. Cell degeneration is a cell disorder that 

occurs as a result of mild injury with increased cell 

damage due to oxidative stress which increases the 

inflammatory response as an immune response. This 

can eliminate the cause of the injury and a healing 

process occurs. Increased injury due to oxidative 

stress leads to cell degeneration. The injury is 

reversible so that it can return to normal if the injury 

is removed.11,12 

The results showed that there was 

hypertrophy in the normal K1 and K2 groups of rats. 

The K1 group found hypertrophic images with a 

moderate degree of damage compared to the K2 

group which had hypertrophic images with mild 

damage. Hypertrophy can occur due to the body's 

reaction to psychosocial stressors such as mental 

stress or the burden of life in the form of 

physiological, behavioral, and subjective responses to 

stress. At the cellular level, there will be hypertrophy 

with increasing thickness and length of 

cardiomyocytes as a form of physiological 

adaptation.13 This occurs when the compressive load 

has been exceeded thereby reducing the contractile 

ability of the cardiac. Psychosocial stress adds to the 

role in increasing the formation of free radicals that 

will release the hormones cortisol and 

norepinephrine.14  

Psychosocial stress causes an increase in 

gluconeogenesis and glycogenolysis so that blood 

glucose increases. Blood glucose that increases 

acutely or chronically will cause oxidative stress. 

Hyperglycemia causes cell damage due to the 

accumulation of intracellular ROS, through non-

enzymatic glycation mechanisms on proteins 

producing AGEs, glucose auto-oxidation increasing 

superoxide radicals and SOD enzyme damage, 

formation of sorbitol through the polyol-sorbitol 

pathway (aldose reductase), and activation of Protein 

Kinase C.14 ROS directly impair mitochondrial 

structure and function and cause decreased energy 

production and mitochondrial respiratory function.12 

Normal rat groups K1 and K2 which were 

given treatment for 14 days did not show any signs of 

necrosis. The process of necrosis occurs for more 

than 14 days under normal conditions. Necrosis of 

the cardiac can occur due to the inability of the 

cardiac to compensate for changes such as lack of 

oxygen. Cells will have a reversible injury as a form 

of adaptation with hypertrophy and degeneration to 

restore normal homeostasis of the body. When the 

injury continues, it will cause irreversible muscle 

death, namely necrosis.11,12 This can explain the 

occurrence of damage to degeneration and 

hypertrophy of cardiac cells, which in the normal 

group have the same degree as the diabetic group. 

The results of observations of the K3 and K4 

groups induced by diabetes were found to have 

degeneration. The K3 group found degeneration with 

moderate damage compared to the K4 group, which 

had mild degeneration. According to Hroob et al 

(2019), there are changes in the structure and 

function of the myocardium that occur as a result of 

hyperglycemia that can cause cardiac cell 

dysfunction in humans and animals.15 Hyperglycemia 

will induce the formation of ROS and AGEs. AGEs 

are formed when glucose produces stable covalent 

protein modifications. These proteins directly 

damage and contribute to the formation of ROS 

thereby triggering oxidative stress faster than normal 

conditions. Oxidative stress creates a pathological 

state in the presence of cardiac cell dysfunction. 

Injury due to cardiac cell dysfunction will affect 

normal homeostasis and increase pro-inflammatory 

cytokines so that it triggers cardiac cell degeneration 

in structures in cells such as mitochondria and 

cytoplasm.16 

The results of the observation of the K3 and 

K4 groups induced by diabetes were found to be 

hypertrophic. The K3 group found hypertrophic 

images with a moderate degree of damage compared 

to the K4 group which had hypertrophic images with 

mild damage. According to Wassertrum et al (2018), 

diabetes mellitus is a key factor in changes at the 

molecular and cellular levels of myocytes, 

culminating in structural and functional abnormalities 

in the cardiac. Diabetes mellitus causes 

hyperglycemia that induces metabolic and molecular 

changes in myocardial cells resulting in cellular 
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injury.17 These metabolic changes produce ROS from 

mitochondria, reduced capacity of the main 

antioxidant enzyme Glutathione Reductase (GR), and 

the formation of AGEs, thereby triggering oxidative 

stress faster than normal conditions. 16 Increased 

oxidative stress will trigger many responses 

associated with Diabetic Cardiomyopathy (DCM) 

such as activation of Matrix Metalloproteinase 

(MMP) which alters extracellular matrix architecture 

and modulates signal transduction pathways resulting 

in cardiac cell dysfunction.6 Cardiac cell dysfunction 

causes injury that disrupts normal homeostasis 

thereby increasing pro-inflammatory cytokines and 

triggering the process of cardiac cell hypertrophy.8 

The results of the observation found that the 

picture of necrosis in the diabetic group was only 

given BR2 (K3) feed but there was no picture of 

necrosis in the K4 group. ROS plays an important 

role in necrosis.18 Diabetes mellitus in the K3 and K4 

groups can increase ROS. High ROS levels can be 

detected in necrotic cell death and can induce lipid 

membrane peroxidation and plasma membrane 

leakage.18 Necrotic cells experience a lack of oxygen 

supply, resulting in a decrease in ATP production. 

Lack of ATP leads to failure of the sodium pump and 

the influx of calcium and water resulting in cell 

swelling and increased oxidative stress. Increased 

oxidative stress causes mitochondrial damage so that 

pro-apoptotic proteins exit the mitochondria and 

cause cell death through the mechanism of necrosis.18 

Early studies show that diabetes increases 

necrosis by up to fourfold in cardiomyocytes.19 

According to Chen et al (2020), a mouse model of 

diabetes induced by STZ exhibits metabolic 

dysfunction, cardiac structural abnormalities, or 

functionally similar to human DCM pathology. STZ 

induction in the diabetic group led to metabolic 

abnormalities, including high concentrations of 

serum plasma glucose which then led to inhibition of 

insulin secretion resulting in the production of ROS 

by STZ. ROS generated by fatty acid oxidase 

(NADPH) oxidase induces cell death or necrosis.19 

In this study, there was a decrease in the 

mean score of observations in groups K2 and K4 who 

were given CM extract. The CM extract contains 

fatty acids such as palmitic acid (18.30%), albumin 

(3.6147 g/dl), and amino acids, namely leucine 

(1.58%) and valine (0.97%).20 Palmitic acid will be 

broken down to acetyl-CoA through the oxidation 

process. The acetyl-CoA will enter the Krebs cycle 

and produce Adenosine Triphosphate (ATP), Flavin 

Adenine Dinucleotide (FADH2), Nicotinamide 

Adenine Dinucleotide (NADH), and Carbon Dioxide 

(CO2). NADH and FADH2 will be converted into 

ATP so that more ATP is produced.21 According to 

Mitra et al (2018), the cardiac requires 70% of ATP 

from fatty acid oxidation to maintain and optimize 

the contractile function of the cardiac to pump blood 

which can inhibit degeneration, hypertrophy, and 

cardiac necrosis.22 

CM extract contains albumin which is an 

antioxidant that can capture (Reactive Oxygen 

Species) ROS and activate (Nuclear factor-erythroid-

2 related factor 2) NrF2 in fighting oxidative stress. 

NrF2 will form (Antioxidants Response Element) 

ARE which will stimulate the activity of the SOD 

enzyme. SOD will neutralize ROS components so 

that oxidative stress is inhibited. Inhibition of 

oxidative stress and decreased cardiac dysfunction 

will reduce inflammatory cytokines so that they can 

maintain and reduce cardiac cell damage.1,2 

The content of amino acids such as leucine 

and valine in the CM extract plays a role in lipid 

metabolism so that it increases HDL (High-Density 

Lipoprotein), lowers LDL (Low-Density Lipoprotein) 

levels, and triglyceride levels.20 This will protect 

cells and vascular endothelium from damage and 

reduce cell dysfunction. and endothelium by 

inhibition of pro-inflammatory cytokines. If oxidative 

stress is inhibited and dysfunction decreases, it will 

be able to maintain and reduce cardiac cell damage 

such as degeneration, hypertrophy, and cardiac 

necrosis.7,23 

Based on the research, there was significant 

differences in the picture of hypertrophy in the 

normal groups. There was a significant difference in 

the degeneration and hypertrophy features in the 

diabetic groups. Necrosis has been found in the 

diabetic group treated with BR2. It can be concluded 

that Channa micropeltes have antioxidant effect that 

inhibits cardiac damage to normal and diabetic 

Wistar rats. The research can be used as an 

alternative medicine to accelerate diabetic wound 

healing and wounds that occur on the oral mucosa or 

skin.  
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