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ABSTRACT: Cincalok is a fermented shrimp from West Kalimantan, Indonesia, which has many beneficial compounds 
such as omega-3 and astaxanthin. The LD50 of the cincalok oil was more than 5000 mg/ Kg BW (practically non-toxic), so 
there is an opportunity that cincalok can develop into a supplement. However, single and repeated doses may have 
different toxic potential. This study aimed to observe the sub-chronic toxicity of cincalok oil in Wistar strain rats (Rattus 
norvegicus L.) after 28 days of repeat doses in oral administration based on OECD 407 test guidelines. Thirty of the male 
and female Wistar strain rats were divided into six groups respectively that consisted of one control group of Virgin 
Coconut Oil (VCO) administration, three dosing groups of cincalok oil administration with dose variation of 100, 400, 
and 1000 mg/Kg BW, and two satellite groups of 1000 mg/Kg BW dose of cincalok oil administration and VCO control 
administration. The biochemistry and histopathological investigation was performed. The results showed the 
biochemical profiles of cincalok oil  has no effect on LDL, urea, creatinine, serum glutamate oxaloacetate transaminase, 
and serum glutamate pyruvate transaminase blood profiles. While on total cholesterol, triglycerides, and HDL profiles, it 
has reversible effect. Histopathological investigation showed minimal fat degeneration with little congestion and 
necrosis in the liver, hypertrophy, and hypercholesterolemia in the heart, hydropic degeneration in the kidney, and no 
disturbance was found in the lung and spleen. Based on biochemical and histopathological result showed that cincalok 
had no toxic effect and potential to be developed as drug. 
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 1.  INTRODUCTION 

Cincalok is a traditional food from West Kalimantan, Indonesia, which is made from a fermented 
mixture of Acetes shrimp, salt, and rice [1]. Cincalok has many beneficial contents, such as amino acid 
glutamic that important for brain function, palmitoleic fatty acids that can increase insulin sensitivity, 
omega-3 and omega-6 that important for organ nutrients, and astaxanthin as an antioxidant to prevent 
degenerative diseases [2-4]. Due to its beneficial ingredients such as amino acids (Glutamic Acid 1 085.438 
mg 100 g–1), fatty acids (palmitoleic acid 27,170%, omega 3, omega 6) and astaxanthin 50,6590 µg/mL [2-5]; 
Cincalok has an opportunity to be developed into a supplement.  

There is no information available on the dose and its relationship with the amount of cincalok 
consumption or possibly the dose of dietary supplements. However, this can be correlated with the 
astaxanthin content of cincalok as a supplement. The content of astaxanthin obtained per 100 g wet weight of 
cincalok in aceton solvent is 3.292 mg (cincalok fermentation 1 week), contains 0.920 mg (cincalok 
fermentation 2 weeks [6], and in VCO contains 50.6590±0.2502 µg per mL with maseration method [7] with 
the vortex method, the amount of astaxanthin extracted was 27.97 mg/g of dry weight of cincalok or 2.79 
mg/mL VCO [8]. According to previous research, the dose of astaxanthin in cincalok as a food supplement 
is arround 2 mg until 8 mg daily dose. In addition, cincalok can be consumed directly, used as a dipping 
sauce, and can also be combined with other foods such as chili sauce because cincalok can provide a savory 
taste to the sauce. In addition, cincalok can also be used as a starter in other fermented products because of 
the lactic acid bacteria found in these foods.  In our previous study, LD50 of cincalok oil was greater than 
5000 mg/kg BW, suggesting that cincalok oil practically non-toxic [9]. However, an active substance can 
cause toxic effects on the body's organs when consumed in the long term and in repeated doses. 

Cincalok oil has a high content of fatty acids, including palmitic acid, DHA, and EPA [10]. The fatty 
acids in cincalok, besides being efficacious, also make cincalok oil easily oxidized to form free radicals, 
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which can damage body cells and increase the potential for diseases such as heart disease, high cholesterol, 
and cancer [11]. Therefore, this study was designed to find out the safety of cincalok oil through sub-chronic 
toxicity tests from biochemical and histopathological profiles so the effect of cincalok oil in long-term and 
repeated doses can be determined. Blood serum samples were analyzed for biochemical profiles because the 
biochemical components in the blood are very sensitive to the elements of toxicity contained in food, so if 
there is a deviation in the physiological status of an individual, the components and properties of the blood 
will change. Serum Glutamate Oxaloacetate Transaminase (SGOT) and Serum Glutamate Pyruvate 
Transaminase (SGPT) can be parameters of liver damage, creatinine and urea levels as parameters of kidney 
damage, also glucose, total cholesterol, triglyceride, HDL, and LDL levels as parameters of cardiovascular 
disease [12-13]. While for histopathological is performed to evaluate the effect of samples for organs such as 
liver, lung, hearth, kidney. 

2. RESULTS 

2.1. Sub-chronic toxicity study 

There was no mortality in animals during the tests. The behavior activities have a bit change for the 
female rats in the group of 400 mg/Kg BW that in 30 minutes and 60 minutes, there was a decrease in the 
motor activity. However, this motor activity returned to normal after 120 minutes. The results of behavior 
activity in all groups of male rats were normal.  

The evolution of body weight during the tests is shown in Figure 1 and Figure 2. The results showed 
an increase in body weight of all groups in both female and male rats. In the statistical analysis results, the 
significance value of body weight between groups of female and male rats was p > 0.05, which means there 
was no significant difference between all the rats' groups.  

2.2. The Lipid Parameter of Biochemical Profiles 

The results of biochemical serum parameters at the end of treatment are shown in Table 1 and Table 2. 
Data are expressed as mean ± standard error of the mean (SEM). 

Table 1. Effect of cincalok oil on biochemical serum lipid parameters 
FEMALES 
RATS 

Control 100 
mg/KgBW 

400 
mg/KgBW 

1000 
mg/KgBW 

Control 
Satellite 

1000 
mg/KgBW 
Satellite 

Norma
l Range 

Total 
Cholesterol 

121.186±9.62 126.594±12.93 129.294±7.07 115.202±18.27 126.138±5.23 108.650±6.49# 10-54 
mg/dl 

Triglycerides 178.628±3.76 173.108±4.54 172.924±3.37 189.112±18 189.762±8.49 176.114±6.30# 10-54 
mg/dl 

HDL 61.372±8.52 58.440±8.74 63.480±6.88 56.860±8.76 61.200±2.20 50.014±8.79# ≥35 
mg/dl 

LDL 24.088±13.35 33.532±11.49 31.229±8.38 20.519±9.75 26.985±4.83 23.413±5.55 <27.2 
mg/dl 

MALES 
RATS 

Control 100 
mg/KgBW 

400 
mg/KgBW 

1000 
mg/KgBW 

Control 
Satellite 

1000 
mg/KgBW 
Satellite 

Normal 
Range 

Total 
Cholesterol 

113.224±8.01 106.368±6.38 112.056±5.50 110.482±6.66 110.862±10.53 110.896±12.11 10-54 
mg/dl 

Triglycerides 168.214±10.62 177.084±7.35* 186.630±2.65* 183.120±2.45* 183.310±3.63 184.426±4.89 10-54 
mg/dl 

HDL 53.000±2.03 46.360±5,40* 52.800±3.93 54.320±3.45 53.920±7.47 55.620±5.69 ≥35 
mg/dl 

LDL 26.581±8.33 24.591±11.09 21.930±3.64 19.538±9.08 20.280±4.59 18.390±8.64 <27.2 
mg/dl 

#  P<0.05, significantly different versus satellite control,  
* P <0.05, significantly different versus control,  
$ P < 0.05, significantly different versus1000 mg/kgBW control satellite 

The results of measurements against lipid profiles can be seen in table 1. The administration of 
cincalok oil does not affect the HDL and LDL profiles because it is still within the normal value range. 
However, total cholesterol and triglyceride profiles were above the normal value range. The Post-Hoc 
analysis of LSD in female rats showed that long-term administration of cincalok oil, especially at doses 1000 
mg/kg of BW cincalok oil, showed a reversible decrease in total cholesterol triglyceride and HDL profiles. 
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The statistical analysis of post-Hoc lipid profiles in male rats showed that long-term administration of 
cincalok oil could affect triglyceride profiles, increasing the profiles wherein the control group the TG profile 
is already above expected values. 

2.3. The Glucose Parameter of Biochemical Profiles 

The results of blood glucose profile measurement can be seen in table 2. All female and male rats' 
glucose profiles were above the normal value The Post-Hoc analysis of LSD results in male and female rats 
showed that cincalok oil administration in female rats had a reversible decreased effect on glucose profiles. 

Table 2. Effect of cincalok oil on biochemical serum glucose parameters 
FEMALES 
RATS Control 100 

mg/KgBW 
400 
mg/KgBW 

1000 
mg/KgBW 

Control 
Satellite 

1000 
mg/KgBW 
Satellite 

Norma
l Range 

Glucose 187.562±24.97 159.150±5.69
* 

179.552±31.1
5 

165.658±32.48$ 167.844±3.5
8 

127.984±5.18# 50-135 
mg/dl 

MALES 
RATS 

Control 100 
mg/KgBW 

400 
mg/KgBW 

1000 
mg/KgBW 

Control 
Satellite 

1000 
mg/KgBW 
Satellite 

Norma
l Range 

Glucose 145.748±160.6
2 

141.544±4.65 134.344±5.79 131.600±6.48* 144.102±3.7
8 

136.602±10,1
6 

50-135 
mg/dl 

# P <0.05, significantly different versus satellite control,  
* P <0.05, significantly different versus control,  
$ P < 0.05, significantly different versus1000 mg/kg control satellite 

2.4. The Urea and Creatinine Parameter of Biochemical Profiles  

The results of the measurement of the urea and creatinine profiles can be seen in table 3. The urea 
profiles in female rats showed a reversible decrease from crossing the normal range then back to the normal 
range. In contrast, in male rats, the administration of the 400 mg/Kg BW and 1000 mg/Kg BW doses of 
cincalok oil can increase the urea profile compared to the control but still in the normal range. The creatinine 
profiles in female rats showed that the administration of a dose of 1000 mg/Kg BW of cincalok oil could 
affect the creatinine profile in the form of a reversible decrease in female rats and a reversible increase in 
male rats. 

Table 3. Effect of cincalok oil on biochemical serum urea and creatinine parameters 
FEMALES 
RATS Control 100 

mg/KgBW 
400 
mg/KgBW 

1000 
mg/KgBW 

Control 
Satellite 

1000 
mg/KgBW 
Satellite 

Normal 
Range 

Urea 51.756±5.2
8 

53.292±7.62 49.664±2.07 51.322±6.92$ 39.718±1.3 39.824±5.13 10-50 
mg/dl 

Creatinine 0.998±0.05 0.922±0.11 0.904±0.16 0.960±0.10$ 0.688±0.04 0.684±0.08 0.2-0.8 
mg/dl 

MALES 
RATS 

Control 100 
mg/KgBW 

400 
mg/KgBW 

1000 
mg/KgBW 

Control 
Satellite 

1000 
mg/KgBW 
Satellite 

Normal 
Range 

Urea 41.642±3.2
4 

44.742±2.62 49.334±2.12* 46.798±3.89* 49.816±0.89 45.222±2.90 10-50 
mg/dl 

Creatinine 0.702±0.11 0.770±0.02 0.702±0.09 0.760±0.09$ 0.876±0.05 0.898±0.02 0.2-0.8 
mg/dl 

# P<0.05, significantly different versus satellite control,  
* P <0.05, significantly different versus control,  
$ P < 0.05, significantly different versus1000 mg/kg control satellite 

 

2.5. The SGOT and SGPT Parameter of Biochemical Profiles 

The measurement results of the SGOT and SGPT profiles can be seen in table 4. The SGOT profiles in 
female and male rats showed that the administration of 1000 mg/Kg BW of cincalok oil had a reversible 
decrease effect in the SGOT profile. The long-term administration of cincalok can increase the SGPT in 
female rats for a dose of 1000 mg/Kg BW and in male rats for doses of 100 mg/Kg BW and 400 mg/Kg BW. 
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Table 4. Effect of cincalok oil on biochemical serum SGOT and SGPT parameters 

FEMALES 
RATS Control 100 

mg/KgBW 
400 
mg/KgBW 

1000 
mg/KgBW 

Control 
Satellite 

1000 
mg/KgBW 
Satellite 

Normal 
Range 

SGOT 72.862±16.70 83.064±11.59 85.738±15.11 71.286±8.27$ 73.896±9.43 52.408±14.70 45.70-80.80 
U/L 

SGPT 38.454±4.99 29.830±3.99 37.978±11.31 67.884±24.05  33.652±5.83 43.854±5.72 17.5-42.2 
U/L 

MALES 
RATS 

Control 100 
mg/KgBW 

400 
mg/KgBW 

1000 
mg/KgBW 

Control 
Satellite 

1000 
mg/KgBW 
Satellite 

Normal 
Range 

SGOT 81.692±2.88 46.826±6.05* 77.220±11.37 71.038±8.00$ 55.454±12.75 45.670±7.52 45.70-80.80 
U/L 

SGPT 32.486±4.75 55.084±11.31* 43.366±8.72* 42.374±6.02 38.632±7.49 43.010±5.27 17.5-42.2 
U/L 

# P<0.05, significantly different versus satellite control,  
* P <0.05, significantly different versus control,  
$ P < 0.05, significantly different versus1000 mg/kg control satellite 

2.6. Histopathological investigation 

Cincalok oil had an effect on the histological profile of the liver in the form of minimum fat 
degeneration in all test groups. Degeneration with slight central venous congestion occurred in the female 
group at dose of 400mg / Kg BW and dose of 100mg / Kg BW. Necrosis occurred in the female group with 
doses above 1000 mg / Kg BW and the male group with doses below 100 mg / Kg BW (Figure 1).  

 

  

  

Figure 1. Representative of microscopic changes in Rat’s liver after treatment with cincalok oil, 
magnification scale: x 40. A: Lower dose 100 mg/KgBW; B: Middle dose 400 mg/KgBW; C: Upper dose 
1000 mg/KgBW; D: Satellite of upper dose 1000 mg/KgBW. 

A B 

C D 
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Cincalok oil also has effects on the histological profile of the heart in the form of hypertrophy and 
hypercholesterolemia in the female group at doses of over 1000mg / Kg BW which are irreversible (Figure 
2), and on the histological profile of the kidneys in the form of hydropic degeneration in the female and male 
groups at doses of 1000 mg / Kg BW which are reversible (Figure 3). However, cincalok oil had no effect on 
the histological profile of other organs including lung, kidneys and limpha showed no sign of pathological 
change compared with the corresponding organ of the controls (Figure 4 and Figure 5). 

  
Figure 2. Representative of microscopic changes in Rat’s heart after treatment with cincalok oil, 
magnification scale: x 40. A: Upper dose 1000 mg/KgBW; B: Satellite of upper dose 1000 mg/Kg BW. 

  

Figure 3. Representative of microscopic changes in Rat’s kidney after treatment with cincalok oil, 
magnification scale: x 40. A: Upper dose 1000 mg/KgBW; B: Satellite of upper dose 1000 mg/Kg BW. 
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Figure 4. Representative of microscopic changes in Rat’s lung after treatment with cincalok oil, 
magnification scale: x 40. A: Lower dose 100 mg/KgBW; B: Middle dose 400 mg/KgBW; C: Upper dose 
1000 mg/KgBW; D: Satellite of upper dose 1000 mg/KgBW. 

  

  

Figure 5. Representative of microscopic changes in Rat’s spleen after treatment with cincalok oil, 
magnification scale: x 40. A: Lower dose 100 mg/KgBW; B: Middle dose 400 mg/KgBW; C: Upper dose 
1000 mg/KgBW; D: Satellite of upper dose 1000 mg/KgBW. 

3. DISCUSSION 

Based on the study's results, the administration of cincalok oil had a normal effect on activity and 
motor behavior during an examination, except for female rats. A decrease in motor activity occurred at 30 
and 60 minutes in the female rat group with a moderate dose of 400 mg/kg BW but returned to normal in 
120 minutes. Guo et al., in their study of motor performance in relation to age, anthropometric 
characteristics, and serum lipids in women, showed that high triglycerides and low HDL cholesterol were 
associated with poor motor performance in women[14]. This is in accordance with the results, which will be 
discussed later, which found that serum lipid parameters were higher in female rats than male rats. 
Therefore, it is suspected that there is a decrease in motor activity in female rats. 
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In addition, the administration of cincalok oil affects the rats' growth from an increase in body weight 
during tests. Increased body weight was thought of because of omega-6 and omega-3 fatty acid compounds 
contained in cincalok oil. In several previous studies, omega-6 was said to have an important role in linear 
growth in children with functions to modulate various physiological responses such as growth cells and 
differentiation in altered cell proliferation conditions [15-16]. Omega-3 also has a beneficial role in bone 
metabolism by increasing bone formation, reducing bone loss, and increasing calcium levels, contributing to 
growth in children [15]. Other factors such as the amount of food intake and growing rats' process can also 
cause weight gain. 

In lipid profiles, the results of total cholesterol and triglyceride profiles were above the normal value 
range, presumably because VCO as a control contained 90% saturated fatty acids. Excessive consumption of 
saturated fat can stimulate the liver to produce more cholesterol [17]. In Yuiwarti's study (2018), VCO 
increased cholesterol levels compared to controls because VCO contains more than 50% lauric acid, which 
will release additional energy when passing through the hepatic artery. The energy gain from VCO made 
the VCO group in that study did not seek energy addition through lipid catabolism, which would increase 
cholesterol and LDL levels in the group [18]. The reversible decrease in total cholesterol triglyceride and 
HDL profiles in female rats is suspected to be due to Astaxanthin's content, which has antioxidant activity 
which can inhibit lipid peroxidation [19]. Astaxanthin and its esters showed 80% anti-lipid peroxidation 
activity in ethanol induced gastric ulcer rats (dose: 500 µg/Kg BW) and skin cancer rats  (dose: 200 µg/Kg 
BW) [20-21]. Previous studies found that astaxanthin 30mg/Kg BW can reduce liver triglycerides, plasma 
triglycerides, and total cholesterol in obese rats [22]. Astaxanthin also has cardioprotective activity through 
its ability to reduce HDL oxidation so that the amount of HDL in the plasma increases [23-24]. Differences in 
triglyceride profiles in male and female rats are suspected to be due to the role of the hormone estrogen in 
female rats. Estrogen can inhibit the action of the enzyme Lipoprotein Lipase (LPL), which is responsible for 
breaking down triglycerides to be stored in adipose tissue as reserve energy. Estrogen can also increase the 
production of epinephrine, thus increasing the activity of the lipase-sensitive hormone, which plays a role in 
triglyceride lipolysis, which causes triglyceride levels in the blood to decrease [25]. Estrogen also protects the 
body through its activity as an antioxidant, so it has a synergistic action with astaxanthin [26]. Therefore, 
statistical results in female rats had triglyceride reductions but not in male rats. 

In glucose profiles, all female and male rats' glucose profiles were above the normal value range is 
suspected because VCO control has a role because it has free fatty acids, which can stimulate 
gluconeogenesis and inhibit glucose absorption by skeletal muscles, thereby increasing the amount of 
glucose in the blood. Narayanankutty's research (2016) also found that people given a VCO diet experienced 
increased blood glucose levels even though they were only 17% lower than other treatments [27]. The release 
of glucose profiles in male and female rats is associated with astaxanthin as an antioxidant. The condition 
hyperglycemia is usually associated with diabetes mellitus. In the Wahyu’s study, astaxanthin can reduce 
diabetes complications through free radical capture mechanisms, reduce oxidative stress, reduce α 
expression of TNF [28]. Palmitoleic acid is also suspected of having a role in this case because it improves 
insulin sensitivity by suppressing inflammation and inhibiting the destruction of pancreatic beta cells that 
secrete insulin [2]. 

The creatinine profile above the normal range in blood in male rats can indicate impaired kidney 
function. This can be caused by several conditions, including the presence of fatty acids in the VCO as a 
control. High levels of fatty acids can cause atherosclerosis and a decrease in the speed of blood flow which 
causes a reduced blood supply to the kidneys. This causes a decrease in kidney function [29]. 

The reversible decrease effect in the SGOT profile is suspected to be due to Astaxanthin as an 
antioxidant that can prevent damage to liver cell membranes. Hence, SGOT enzyme levels decrease because 
they do not come out into the blood circulation [30]. The increased profile of SGPT can be caused by fatty 
acid compounds that will undergo metabolism in the liver and be distributed throughout the body in the 
form of energy, cholesterol, and fat deposits. Fat accumulation can increase the lipid peroxidation chain 
reaction, increasing SGPT enzyme [30]. The SGPT enzyme increase in this test is still within the normal 
range, so it cannot be said to indicate liver damage.  

In this study, some values outside the normal range were thought to be effects of VCO as control. 
VCO was initially chosen as a solvent because some previous studies have found that VCO can dissolve 
large amounts of Astaxanthin [31-32]. VCO was also chosen because it is environmentally friendly vegetable 
oil, has abundant availability, and is affordable compared to organic solvents [33]. However, it turns out that 
in this study, some biochemical profiles have values beyond the normal range allegedly because VCO as 
control has a free fatty acid. Therefore, it is recommended not to use this solvent in subsequent studies. 

The microscopic appearance of central veins and hepatocytes on histopathological examination 
differed from the control group. The histological condition of the liver is characterized by vacuolation, 
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variations in the shape and size of the nucleus in hepatocytes, loss of sinusoidal spaces, and inflammatory 
cells spreading throughout the liver tissue. There will be dilation of the liver tissue, and there will be 
widening of the central tissue vein full of blood. There were Kupffer cells in the sinusoidal spaces, which 
showed no pathological changes in the liver. However, there is minimal fatty degeneration in the 
histological profile of the liver found in all test groups. This degeneration belongs to the minimal type that 
does not really affect the existing cell structure and can occur due to an increase in free fatty acids, reduced 
oxidation of free fatty acids, and reduced export of triglycerides due to a deficiency of fat-binding 
apoproteins. Excessive fat intake, thought to originate from the test preparations that are given continuously, 
can cause hypercholesterolemia, which has an impact on the imbalance of bile acid synthesis in the liver in 
synthesizing cholesterol, resulting in oxidative stress, which triggers the formation of free radicals in the 
liver tissue. The degeneration that causes mild congestion occurs in the medium and low dose groups of 
female rats and is characterized by the expansion or enlargement of the central vein. Congestion due to 
circulatory disorders is also one of the manifestations of high levels of LDL cholesterol in the blood 
produced by the liver due to high consumption of saturated fat from cincalok oil, which causes thrombosis 
and disrupts blood circulation. This study also found necrosis, but it was relatively normal in small amounts. 
Clinically, fatty liver degeneration and congestion due to high fat consumption, especially saturated fat, are 
associated with an increased incidence of heart disease and thrombosis. 

Microscopic observation of heart preparations showed disturbances in hypertrophy and 
hypercholesterolemia in several groups. Hypercholesterolemia is characterized by irregular changes in 
cardiomyocyte structure, which is the initial stage of necrosis, while the thickening of myocytes characterizes 
hypertrophy. Hypertrophy from hypercholesterolemic conditions is thought to be due to the fatty acid 
content in cincalok oil, as mentioned in the case of hypercholesterolemia that occurred in previous liver 
histology. Cincalok oil has no effect on the histological profile of other organs, including the lungs, kidneys, 
and spleen,  which show no signs of pathological changes compared to the corresponding control organs. 

4. CONCLUSION 

Based on the results of the current study, we may conclude that the long-term administration of 
cincalok has no effect on LDL, urea, creatinine, Serum Glutamate Oxaloacetate Transaminase, and Serum 
Glutamate Pyruvate Transaminase blood profiles. While on total cholesterol, triglycerides, and HDL profiles, 
it has reversible effect. As a whole, cincalok oil has no effect on the histological profile of the lung and spleen 
organs, but has an influence on the histological profile of the liver, heart and kidneys.  

Degeneration with slight central venous congestion occurred in the female rats at 400 mg/kg BW 
doses and 100 mg/kg BW doses, while necrosis occurred in the female rats at doses 1000 mg/kg BW and in 
the male rats at doses 100 mg/kg BW. Cincalok oil affects the histological profile of the heart in the form of 
hypertrophy and hypercholesterolemia in female rats with doses of 1000 mg/kg BW. Therefore further 
research is needed at smaller doses to see the potential for cincalok oil as a supplement with higher safety. 

5. MATERIALS AND METHODS 

5.1. Materials 

The dried cincalok was obtained from Singkawang City, West Kalimantan, Indonesia. VCO (Virgin 
Coconut Oil) was purchased from SOFIA, Indonesia. The reagents used in this study were 96% alcohol, 
acetic acid, picric acid, EDTA (Ethylenediaminetetraacetic Acid), chloroform, potassium iodide, sodium 
thiosulfate (Na2S2O3), eosin, formalin buffer solution, paraffin, hematoxylin dyes, and xylol, which were 
purchased from Sigma Aldrich. The glucose examination reagent, HDL examination reagent, LDL 
examination reagent, cholesterol examination reagent, creatinine examination reagent, SGOT examination 
reagent, SGPT examination reagent, triglyceride examination reagents, and urea examination reagents were 
purchased from Human Diagnostic Worldwide. 

5.2. Preparation of cincalok oil 

The Cincalok was obtained from Singkawang City, West Kalimantan, Indonesia. Wet cincalok was 
filtered, and the residue was dried at 50ºC for 3 hours using a vacuum dryer. It was ground using a blender 
to become a fine powder. Cincalok fine powder was soaked using the VCO solvent, and it was ground again 
for 30 minutes. The mixture was filtered after 24 hours passed [34]. 
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5.3. Experimental animals 

The experimental animal protocols in this study were authorized by the Animal Ethics Committee of 
Medicine Faculty, Universitas Tanjungpura, West Kalimantan (number of ethical clearance: 
6628/UN22.9/TA.00.03/2019). Animal subjects that used in this research were female and male Wistar rats 
(Rattus novergicus), aged 6-8 weeks, weighing 150-250 g (no weight variation more than 20%), not pregnant, 
not disabled/have any physical and anatomical abnormalities, no appearance of dull, falling, or bald hair 
and did not experience significant weight loss during acclimatization. The rats were fed and given water ad 
libitum, also maintained under laboratory conditions [35-36]. 

5.4. Sub-chronic toxicity study 

The animals were given Virgin Coconut Oil (VCO) for the control group, cincalok oil with dose 
variation of 100, 400, and 1000 mg/kg BW for the dosing groups, and 1000 mg/kg dose of cincalok oil and 
VCO for two satellite groups every day for 28 days. The physical conditions and behavior of each animal 
were monitored daily during the 28 days study. The body weight was measured every day. The satellite 
groups were then left for 14 days without being given VCO or cincalok oil, only given food and drink, and 
monitored daily for physical conditions, behavior, and body weight. Surgery was performed on the 29th day 
for the control group and dosing groups, whereas the satellite groups were performed on the 43rd day. 
Shortly before surgery, after the mice were killed, rat blood samples in each group were collected into 
Eppendorf tubes without anticoagulant and then centrifuged for 10 minutes at 1400 rpm resulting in the 
serum taken for biochemical analysis. The organs (liver, spleen, kidney, lung, and heart) that were taken 
from the animal were washed and immersed in a formalin buffer solution [35-36]. 

5.5. Serum biochemical analysis  

The biochemical profiles of blood, including total cholesterol, triglycerides, HDL, LDL, glucose, urea, 
creatinine, SGOT, and SGPT, were determined with a spectrophotometer blood analysis. 

5.5.1. Examination of Total Cholesterol Levels 

A total of 5 µL of blood serum was put into a tube containing 500 µL of cholesterol test reagent, then 
incubated as an endpoint for ±5 minutes at 37°C. The absorbance of the sample and the standard were 
measured at a wavelength of 546 nm. This analysis uses the "CHOD-PAP" method which is an enzymatic 
photometric test [37]. 

5.5.2. Examination of Triglyceride Levels 

A total of 5 µL of blood serum was put into a tube containing 500 µL of the triglyceride test reagent, 
then incubated as an endpoint for ±5 minutes at 37°C. The absorbance of the sample and the standard were 
measured at a wavelength of 546 nm. This analysis uses the enzymatic colorimetric testing method using the 
"GPO-PAP" method [37]. 

5.5.3. Examination of HDL Levels 

A total of 100 µL of serum was added to 200 µL of HDL precipitate, then centrifuged. 50 µL of the clear 
part was taken, mixed with 500 µL of cholesterol test reagent, then incubated at 37°C for 5 minutes. The 
absorbance of the sample and the standard were measured at a wavelength of 578 nm. HDL levels were 
measured using the Colorimetric Test method with a UV-Visible spectrophotometer [37]. 

5.5.4. Examination of LDL Levels 

Determination of Low-Density Lipoprotein (LDL) is carried out by indirect calculation using the 

Friedewald formula [38]: 

TC = Total Cholesterol 

LDL=TC − (!"
#
+ 𝐻𝐷𝐿) 
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TG = Triglycerides 
HDL = High Density Lipoprotein 

5.5.5. Examination of Blood Glucose Levels 

Measurements were taken one day after the last administration of the cincalok oil (same as the fasting 
blood glucose measurements, where blood glucose measurements were taken after fasting for 8–12 hours 
before testing to describe the glucose level produced in the liver in rat blood serum).. A total of 5 µL of blood 
serum was put into a tube containing 500 µL of the glucose test reagent, then incubated as an endpoint for ±5 
minutes at 37°C. The absorbance of the sample and the standard were measured at a wavelength of 340 nm. 
This analysis uses the "GOD-PAP" method which is an enzymatic photometric test [37].  

5.5.6. Examination of Urea Levels  

5 µL of blood serum was put into a tube containing 500 µL of the first urea test reagent, then incubated 
as an end point for ±5 minutes at 37°C. The second urea reagent was then added. The absorbance of the 
sample and the standard were measured at a wavelength of 578 nm. This analysis uses the Berthelot method, 
which is an enzymatic colorimetric test [37]. 

5.5.7. Examination of Creatinine Levels  

A total of 25 µL of blood serum was put into a tube containing 250 µL of the creatinine test reagent, 
then mixed and incubated in the apparatus for 5 minutes at 25°C. The absorbance of the sample and the 
standard were measured at a wavelength of 510 nm. This analysis uses the Jaffe method [37]. 

5.5.8. Examination of SGOT and SGPT Activity  

A total of 50 µL of blood serum was put into each tube containing 500 µL of the SGPT examination 
reagent and 500 µL of the SGOT examination reagent, mixed and incubated in the apparatus for 5 minutes at 
25°C.  The absorbance of the sample and the standard were measured at a wavelength of 340 nm. This 
analysis uses the UV test method [37].  

5.6. Microscopic Analysis of the Organs 

The organs that stored in a formalin buffer solution then embedded in paraffin. Slicing was conducted 
using a microtome and stained with hematoxylin and eosin, then observed using a microscope [39]. 

5.7. Histopathological investigation 

The histopathological investigation was accorded to the method described in the literature [40]. Tissue 
samples were prepared routinely and cut into two µm slides, and tissues were subjected to dehydration, 
embedded in paraffin, sectioned at 3-5 microns, followed by hematoxylin-eosin staining. The pathological 
observation of all tissue was performed on gross and microscopic bases then examined using a light 
microscope [39].  

5.8. Statistical analysis 

The results of biochemical of blood parameters were analyzed using the One Way ANOVA followed 
by Post-Hoc Least Significant Difference (LSD) to compare any significant differences (p≤0.05) in each group. 
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