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Abstract 

Nephrotoxicity or renal injury is triggered due to the accumulation of drug levels in the 

kidneys causing oxidative stress. Albumin and omega-3 are known to repair and protect 

against tissue damage by free radicals due to oxidative stress. Snakehead fish (Channa 

striata) is a natural resource that is rich in albumin and omega-3. This study aimed to 

determine the nephroprotective activity of snakehead fish powder (SFP) in Wistar rats 

induced by gentamicin. This study used thirty male rats divided into six groups. Test 

animals were divided into normal control (not treated); positive control (omega-3 270 mg/

kg of rat); negative control (CMC Na 0.25%); dose I (350 mg/kg SFP); dose II (700 mg/

kg SFP) and dose III (1400 mg/kg SFP). All groups were induced with 100 mg/kg 

gentamicin intraperitoneally except for normal control. The treatment was carried out for 

14 days. Rats fasted for 24 hrs after the treatment on the last day. The blood test animals 

were taken to measure creatinine, urea and albumin levels, then sacrificed, and their 

kidneys were taken for analysis of malondialdehyde (MDA) and glutathione (GSH) levels. 

The data obtained were statistically tested using the one-way ANOVA method and 

continued with post hoc LSD. The results showed the effect of SFP on the decrease in 

creatinine, urea, MDA, and GSH levels starting from the smallest dose of 350 mg/kg 

significantly compared with the negative control in gentamicin-induced Wistar rats. A 

higher dose of SFP can provide better nephroprotective activity. In conclusion, SFP has 

nephroprotective activity by suppressing oxidative stress in Wistar rats. 

1. Introduction 

In recent years, decreasing kidney function has 

shown a high potential in the critically ill and increasing 

the prevalence of chronic kidney disease (CKD), 

cardiovascular disease, and death (Chen et al., 2019). 

Drug-induced kidney injury is of grave concern among 

the community, which is known to be a significant 

contributor to kidney disease, including the incidence of 

acute kidney injury (AKI) and chronic kidney disease 

(CKD) (Joyce et al., 2017; Mohamed et al., 2019). 

Specific and sensitive biomarkers are rapidly required to 

detect and treat early-stage kidney injury. Gentamicin is 

a class of aminoglycoside antibiotics widely used to treat 

gram-negative bacterial infections. Despite its many 

advantages, its ability to induce acute kidney injury is the 

major limiting factor in the therapeutic use of gentamicin 

(Mohamed et al., 2019). Gentamicin-induced 

nephrotoxicity is characterized by tubular necrosis 

(Medić et al., 2019). The main target of aminoglycoside 

antibiotics is the proximal renal tubular cells. In this 

case, gentamicin will accumulate and cause 

nephrotoxicity via specific transporters (Morales-

Alvarez, 2020). Nephrotoxicity occurs because of 

accumulating reactive oxygen species (ROS), which 

cause cell injury and necrosis via peroxidation of lipid 

and protein membranes and DNA damage (Sun et al., 

2018; Sasongko et al., 2023). Gentamicin also induces 

apoptosis in the renal tubules and renal cortex and 

directly triggers inflammation (Randjelovic et al., 2017).  

Oxidative stress is the major contributor to 

gentamicin-induced nephrotoxicity. Dietary antioxidants 
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could protect the kidney against the toxicity of 

gentamicin. The content of albumin and omega-3 in 

snakehead fish has a repair and protection effect on 

tissue and organ damage by free radicals due to oxidative 

stress (Mestry et al., 2020; Hsueh et al., 2022). 

Snakehead fish is also a source of albumin for people 

with hypoalbumin (low albumin), which often occurs in 

patients with kidney disorders (Mulyana et al., 2017). 

Albumin in snakehead fish inhibits oxidative stress, 

provides anti-inflammatory effects, and works in tissue 

formation (Kinoshita et al., 2017; Yulizal et al., 2020). 

Albumin has significant antioxidant properties (Piarulli 

et al., 2022) due to the presence of a sulfhydryl group (-

SH), which can function as a free radical scavenger 

(Pieniazek et al., 2018) which is implicated in the 

pathogenesis of inflammation (Bayarsaikhan et al., 

2022). Omega-3 PUFAs in snakehead fish also provide 

antioxidative effects and provide anti-inflammatory 

effects (Sasongko, Zulpadly, and Farida, 2023). The use 

of omega-3 PUFAs is reported to have the effect of 

repairing damage to organs. Omega-3 PUFAs can 

increase catalase levels in peroxisomes and the 

cytoplasm resulting in improved defence against oxygen 

free radicals. Omega-3 PUFAs, namely EPA and DHA, 

can cause an increase in antioxidants and normalize 

excited states, control the physical status of lipids and 

membranes, and prevent growth in intracellular Ca in 

response to oxidative stress (Oppedisano et al., 2020). 

No study looks at how giving snakehead fish powder to 

rats with kidney damage caused by gentamicin reduces 

oxidative stress. This study will examine how snakehead 

fish powder protects against renal injury in rats with 

oxidative stress caused by gentamicin. 

 

2. Materials and methods 

2.1 Materials 

The snakehead fish (Channa striata), aged 5-6 

months and weighing 800-900 grams/head obtained from 

the cultivation site Kendal, Central Java, Indonesia.  

2.2 Sample preparation 

Snakehead fish are washed and cleaned of impurities 

such as stomach, scales, fins, tail, and head, then 

removed, and the meat is taken by filleting to a thickness 

of 0.5 cm. Fish fillet rinsed with distilled water. 

Snakehead fish fillets are frozen at -20⁰C for a day and a 

night before the freeze-drying process is carried out. The 

sample was then dried using a vacuum freeze dryer for 

72 hrs until dried snakehead fish were obtained. The 

dried snakehead fish is then mashed by blending it into a 

fine powder, and the snakehead fish powder (SFP) is 

stored in a desiccator until further analysis. 

 

2.3 Animal experimental 

The health research ethics committee approved the 

animal handling procedures and standard animal 

experiments of the Moewardi General Hospital with the 

number 1.021 / VII / HREC / 2022. For the study of the 

nephrotoxicity test, it was male Wistar rats aged 2-3 

months weighing 170-200 g. Rats were obtained from 

the Animal Laboratory Pharmacology Universitas 

Sebelas Maret. 

2.4 Study in rat renal injury models 

Thirty male Wistar were divided into six groups. 

Group 1 was given 1 mL aquadest as a control. The 

negative control group was assigned CMC Na 0.25%, 

and the positive control group was given 270 mg/kg 

omega-3. The following groups received single doses of 

SFP at 350 mg/kg, 700 mg/kg, and 1400 mg/kg, 

respectively. All groups were induced by 100 mg/kg 

gentamicin intraperitoneally except for normal control. 

The test treatment was carried out for 14 days. Before 

being tested, the rats were conditioned for seven days. 

Surviving animals were weighed and observed once a 

day for behaviour changes, physical appearance and 

signs of toxicity for 14 days. The rats fasted for 24 hrs 

after the last day of treatment. All groups of tested 

animals had their blood drawn. The blood was collected 

and centrifuged at 3000 rpm for 10 min. The supernatant 

was separated to determine creatinine, urea, albumin, and 

total protein levels. The kidney tissue was taken to 

analyze malondialdehyde (MDA) and glutathione (GSH) 

levels.  

2.5 Histological study 

The kidney organs were fixed in a 10% NBF 

solution for histological testing. Organ tissue samples 

were coloured with Hematoxylin and Eosin (HE). 

Hematoxylin would be blue on the nucleus, and eosin 

would be red on the cytoplasm and extracellular matrix. 

Histological examination to determine the overall 

appearance of normal, inflammatory and necrotic kidney 

cells (Sasongko et al., 2020).  

2.6 Data analysis 

The data (serum creatinine, urea, albumin, total 

protein levels, MDA, and GSH) were statistically 

evaluated as mean±stadard deviation. The one-way 

Analysis of Variance (ANOVA) and Least Significance 

Different (LSD) test was performed (p<0.05). 

 

3. Results  

3.1 Rat body weight and organ index profile 

 Figure 1A shows a change in the body weight of 
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rats, which decreased on average in all groups except the 

normal group. This result is due to changes in body 

systems due to the induction of nephrotoxicity treatment 

in rats. Figure 1B shows the ratio of body weight to 

kidney organs. The control group seems to have the 

smallest ratio compared to other groups. Statistically, 

there was no significant difference in organ ratio 

between the negative control group compared to other 

groups except the normal (control) group (p<0.05). 

3.2 Blood biochemistry 

Table 1 shows the rat's biochemical profile of kidney 

function after 14 days of experimental. Some signs that 

kidney function is worsening are high levels of 

creatinine, urea, albumin, and total protein in the blood. 

In the negative control group, there was an increase in 

creatinine levels (4.32 mg/dL) and urea (305.50 mg/dL). 

Meanwhile, creatinine levels in the control group were 

lower than negative controls (0.33 mg/dL). The positive 

control group increased creatinine levels by 0.83 mg/dL. 

This condition shows that the activity of omega-3 can 

inhibit the occurrence of kidney damage by inducing 

gentamicin. The mean increase in creatinine levels for 

treatment with 350 mg/kg SFP was 1.98 mg/dL; 

treatment with SFP at the dose of 700 mg/kg was 1.13 

mg/dL, and treatment with 1400 mg/kg SFP was 1.037 

mg/dL. Compared with the positive control, treatment 

with SFP at doses of 700 mg/kg and 1400 mg/kg did not 

have a significant difference (p>0.05). This shows that 

snakehead fish powder may be able to lower creatinine 

levels, just like the positive control, even though 

gentamicin-induced rats still have higher creatinine 

levels than normal. Treatment with 350 mg/kg SFP 

differs significantly from the negative and positive 

controls (p<0.05), indicating that snakehead fish powder 

at 350 mg/kg has lower nephroprotective activity than 

the positive control. Table 1 shows that biochemical 

blood levels are similar to the creatinine profile. The 

average increase in urea levels in the negative group was 

significantly different from the other groups (p<0.05). 

However, there was no significant difference in each 

group's albumin and total protein content. Administration 

of SFP starting at a dose of 350 mg/kg significantly 

reduced blood creatinine levels in rats (p<0.05). They 

can lower blood creatinine and urea levels at 700 mg/kg 

and 1400 mg/kg (p<0.05).  

 

Duration of the Experiment  

Experiment’s Group 

(A) (B) 

Figure 1. Body weight profile (A) and kidney weight ratio (B) of the rat after 14 days of experimental. *significantly different 

from the negative control (p<0.05). 

Group 
Blood biochemical profile of kidney function 

Creatinine (mg/dL) Urea (mg/dL) Albumin (g/L) Total Protein (g/L) 

Control 0.33±0.03* 36.20±3.77* 33.73±1.28 78.07±3.23 

Negative control  4.32±1.09 305.50±37.02 32.56±0.72 75.28±2.16 

Positive control 0.83±0.05* 153.17±21.58* 31.36±0.47 79.39±2.42 

SFP 350 mg/kg 1.98±0.26* 337.60±34.07 30.82±1.21 77.58±6.79 

SFP 700 mg/kg 1.13±0.16* 188.83±18.21* 32.23±0.23 73.33±3.28 

SFP 1400 mg/kg 1.04±0.22* 103.93±15.68* 33.98±1.01 77.51±1.92 

Table 1. The blood biochemical profile of kidney function of the rat after 14 days of experimental.  

*significantly different from the negative control (p<0.05). 
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 3.2 Malondialdehyde and glutathione profile 

Figures 2 and 3 show the profile of the levels of 

MDA and GSH in the kidney organs of rats after 14 days 

of experimentation. Malondialdehyde levels in the 

negative control group had the highest value. This 

condition shows that gentamicin injection can increase 

MDA levels in rat kidney organs. Malondialdehyde is a 

metabolite of lipid peroxidation by free radicals. 

Malondialdehyde can be formed when hydroxyl free 

radicals such as reactive oxygen species (ROS) react 

with fatty acid components of cell membranes, resulting 

in a chain reaction known as lipid peroxidation 

(Sasongko et al., 2018). The lipid peroxidation reaction 

will break the chain of fatty acids into different toxic 

compounds that will damage the cell membranes. Figure 

2 shows that the administration of SFP at a dose of 350 

mg/kg, 700 mg/kg and 1400 mg/kg significantly reduced 

MDA levels during the 14 days of the experiment 

(p<0.05). Meanwhile, Figure 3 shows the lowest GSH 

levels in the negative control group. Glutathione is a 

primary antioxidant that prevents the formation of new 

free radicals by converting existing free radicals into 

molecules with fewer active effects (Gaucher et al., 

2018). When 100 mg/kg of gentamicin was given, the 

levels of antioxidants made by the body were 

significantly lowered. This result was evident when the 

GSH levels in the normal control group were compared 

to those in the negative control group. After the 

administration of SFP doses of 700 mg/kg and 1400 mg/

kg, there was a significant increase in GSH levels 

(p<0.05).  

3.3 Histopathological evaluation  

Figure 4 shows the histopathological evaluation of 

kidney tissue. In the normal group, the tubules and 

glomerulus still look normal. In the negative control 

group, most tubules appeared necrotic (N). In the group 

of rats given SFP with dosage levels of 300 mg/kg, 700 

mg/kg, and 1400 mg/kg, the amount of necrosis was less 

than in the negative control group. 

4. Discussion 

This study aimed to determine the influence of the 

administration of snakehead fish powder on alleviating 

renal injury through observations of blood biochemical, 

oxidative stress, and histological in rat models. Figure 1 

shows that the animals in the gentamicin-induced group 

lost weight more quickly than those in the normal group. 

This condition was because gentamicin stopped the 

Figure 2. Malondialdehyde level of the rat after 14 days of 

experimental. *significantly different from the negative 

control (p<0.05). 

Figure 3. Glutathione level of the rat after 14 days of 

experimental. *significantly different from the negative 

control (p<0.05). 

Figure 4. Effects administration SFP on the histology of renal 

tissue with 400× magnification. (A) Control, (B) Positive 

control, (C) Negative control, (D) nephrotoxicity with SFP 

350 mg/kg administration, (E) nephrotoxicity with SFP 700 

mg/kg administration, (F) nephrotoxicity with SFP 1400 mg/

kg administration. G (glomerulus) and T (tubules), N (tubules 

appeared necrotic). 
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animals from taking in food and water and making 

proteins (Adil et al., 2016). Acute renal dysfunction in 

gentamicin-induced rats was evidenced by a significant 

increase in serum creatinine and weight loss (Ogundipe 

et al., 2017). Creatinine and urea levels can be used to 

measure impaired kidney function. An increase in 

creatinine and urea levels in the blood indicates a 

decrease in the kidneys' filtration process (Zhang et al., 

2018). They are a waste product of the body's 

metabolism that is constantly made, filtered by the 

kidneys, not reabsorbed, and secreted by the proximal 

tubule. This makes it a suitable marker for measuring 

kidney function. Normal creatinine values in rats ranged 

from 0.5-1.0 mg/dL (Butt et al., 2019), and the standard 

value of plasma urea concentration is 20 - 40 mg/dL 

(Vysakh et al., 2018). The test results showed that the 

administration of SFP at 700 mg/kg and 1400 mg/kg 

inhibited increased serum creatinine and urea levels. 

Albumin and protein levels are a marker test of the 

incidence of albumin loss through the kidneys but cannot 

be a specific parameter that indicates kidney damage. 

Tests for albumin and protein levels were used as a 

follow-up test after testing for creatinine levels. 

Hypoalbumin and hypoprotein are caused by less 

albumin-protein being made or more albumin-protein 

leaving the body through the kidneys (Gounden et al., 

2022).  

Malondialdehyde levels in the body can describe the 

condition of body organs due to lipid peroxidation by 

free radicals. MDA levels are also markers of cellular 

damage caused by free radicals (Sutaria et al., 2022). 

Gentamicin can cause nephrotoxicity, which is damage 

to the kidneys. This damage is caused by the buildup of 

ROS and free radicals, which damage membrane lipids 

and proteins and damage DNA (Quiros et al., 2011). The 

increase in MDA levels indicates increasing free radicals 

and decreasing antioxidants in the body (Akure et al., 

2020). A significant decrease in GSH levels in kidney 

injury could be caused by an increase in ROS in the form 

of nitric oxide radicals, which react with superoxide 

radicals to form H2O2 compounds. The increase in free 

radicals can reduce endogenous antioxidants such as 

GSH, which causes oxidative stress and results in 

damage to kidney cells (Qi and Dong, 2021). The 

increase in GSH levels shows that the omega-3 content 

in SFP can help the endogenous antioxidants present in 

the body to counteract free radicals caused by reactive 

metabolites of gentamicin. This study is supported by the 

statistical results, where the positive group was not 

significantly different from the group given SFP. Omega

-3 has antioxidative effects and anti-inflammatory 

effects, which can lead to increased antioxidants, 

normalizing excited states, and control the physical 

status of lipids and membranes (Li and Song, 2022). 

Omega-3 prevents lipid peroxidation and protects against 

oxidative stress by lowering levels of MDA and 

increasing levels of GSH (Pineda-Peña et al., 2018). 

 

5. Conclusion 

Induction of renal injury in rats caused by 

gentamicin induction can be attenuated by the 

administration of SFP starting at a dose of 350 mg/kg. 

Oxidative stress inhibition prevents kidney damage, 

characterized by a decrease in MDA levels and an 

increase in GSH levels after giving SFP for 14 days. A 

higher dose of SFP can provide better nephroprotective 

activity. In future research, measuring inflammatory 

markers and protein expression will be very important to 

figure out how SFP protects the kidneys.  
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