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Exposure to cigarette smoke is known to trigger oxidative stress, 
characterized by an increase in Malondialdehyde (MDA) levels and liver 
tissue damage. Cigarette smoke contains more than 7,000 harmful 
chemicals, including free radicals and reactive oxygen species, which can 
cause tissue damage through lipid peroxidation. Malondialdehyde (MDA) is 
the end product of lipid peroxidation and is often used as a biomarker of 
oxidative stress. Increased MDA levels indicate significant oxidative 
damage, particularly in liver tissue susceptible to free radicals. This study 
aims to evaluate the effect of snakehead fish (Channa striata) extract, which 
is known to contain albumin, omega-3 fatty acids, and essential minerals 
with antioxidant and anti-inflammatory properties, on MDA levels and liver 
histopathological conditions in Wistar rats exposed to cigarette smoke. This 
study used a proper experimental design with a pre-post control group 
format. A total of 20 male Wistar rats (aged 2–3 months, weighing 
approximately 200 grams) were divided into four groups: K- (negative 
control, no treatment), K+ (positive control, cigarette smoke exposure only), 
P1 (cigarette smoke exposure + snakehead fish extract at 0.5 ml/day), and 
P2 (cigarette smoke exposure + snakehead fish extract at 1 ml/day). 
Cigarette smoke exposure was conducted for 15 minutes daily for 20 
consecutive days. MDA levels were measured using the Enzyme-Linked 
Immunosorbent Assay (ELISA) method, while liver histopathological 
analysis was performed using hematoxylin-eosin staining. Data were 
analyzed using the ANOVA test for normally distributed data and the 
Kruskal-Wallis test for non-normal data distribution, with a significance 
level of p < 0.05. The K+ group showed a significant increase in MDA levels 
(p < 0.05) compared to the K- group. Treatment with snakehead fish extract 
in the P1 and P2 groups significantly reduced MDA levels compared to K+ 
(p < 0.05). Histopathological examination showed improvements in liver 
tissue in the P1 and P2 groups, with the best improvement observed in the 
P1 group. Snakehead fish extract proved effective in reducing oxidative 
stress and supporting the regeneration of liver tissue damaged by cigarette 
smoke exposure. Snakehead fish extract is effective in lowering MDA levels 
and improving liver histopathological damage caused by cigarette smoke 
exposure. A dose of 0.5 ml/day demonstrated optimal effectiveness in 
mitigating the negative impacts of oxidative stress, making it a potential 
antioxidant agent for protecting liver tissue from damage. 
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INTRODUCTION 

Smoking has been identified as one of the main risk factors for various chronic and degenerative 
diseases, including cardiovascular diseases, lung cancer, and chronic obstructive pulmonary disease 
(COPD). According to the World Health Organization (WHO), more than 7 million deaths annually are 
caused by direct tobacco product use. In comparison, approximately 1.2 million deaths occur among 
non-smokers exposed to secondhand smoke. Cigarette smoke contains over 7,000 chemical 
compounds, including carcinogenic substances and free radicals, which have the potential to damage 
tissues through oxidative stress mechanisms [1]. 

Oxidative stress occurs when the production of Reactive Oxygen Species (ROS) exceeds the capacity 
of the body's antioxidant systems to neutralize them. ROS can cause damage to lipids, proteins, and 
DNA, ultimately leading to chronic inflammation and tissue damage [2]. Malondialdehyde (MDA), a 
byproduct of lipid peroxidation, is a crucial biomarker used to assess the level of oxidative damage. 
High levels of MDA are often associated with an increased risk of degenerative diseases and impaired 
liver function [3]. 

The snakehead fish (Channa striata) is a freshwater species rich in bioactive compounds, including 
albumin, omega-3 fatty acids, and minerals such as zinc and selenium. Albumin plays a role in tissue 
regeneration, while omega-3 fatty acids are known for their potent anti-inflammatory and 
antioxidant properties [4]. Previous research has shown that snakehead fish extract can reduce tissue 
damage and accelerate wound healing through its antioxidant and anti-inflammatory activity [5]. 

However, research evaluating the effects of snakehead fish extract on MDA levels and liver 
histopathological conditions in Wistar rats exposed to cigarette smoke remains limited. This study 
aims to fill this gap by assessing the influence of snakehead fish extract on MDA levels and liver 
histopathological changes in Wistar rats exposed to cigarette smoke. The findings of this study are 
expected to provide additional scientific evidence on the potential of snakehead fish extract as a 
therapeutic agent to counteract the negative impacts of oxidative stress caused by cigarette smoke 
exposure. 

RESEARCH METHODS 

Research design 

This study utilized a proper experimental design with a pre-test and post-test control group 
approach. This design was chosen to allow direct observation of the treatment effects on the research 
subjects through measurements taken before and after the intervention. 

Research subjects 

The research subjects consisted of 20 male Wistar rats aged 2–3 months with an average weight of 
200 grams. The rats were randomly selected and maintained in controlled laboratory conditions with 
room temperatures around 22–25 °C, a 12-hour light-dark cycle, and ad libitum access to food and 
water. The research subjects were divided into four treatment groups as follows: 

1. K- (Negative control): Rats were not exposed to cigarette smoke and were not given 
snakehead fish extract. 

2. K+ (Positive control): Rats were exposed to cigarette smoke without receiving snakehead 
fish extract. 

3. P1 (Low dose): Rats were exposed to cigarette smoke and given snakehead fish extract at a 
dose of 0.5 ml/day. 

4. P2 (High dose): Rats were exposed to cigarette smoke and given snakehead fish extract at a 
dose of 1 ml/day. 

Research procedures 

1. Subject adaptation: The rats were acclimatized for 7 days to familiarize themselves with the 
research environment before the treatment began. 



Risal et al.                                                                                                            Effect of Snakehead Extract on Lung Injury in Smokers 

21740 

2. Cigarette smoke exposure: Rats in the K+, P1, and P2 groups were exposed to cigarette 
smoke using a specially designed automatic smoking apparatus. The exposure was conducted 
for 15 minutes daily for 20 consecutive days in a standard-sized laboratory enclosure. 

3. Administration of snakehead fish extract: Snakehead fish extract was administered orally 
using a gastric gavage tube once daily, according to each group's designated doses. The 
extract was processed hygienically to preserve its bioactive quality. 

4. Blood sample collection: Blood samples were collected from the tail vein of the rats on day 
0 (before treatment) and day 21 (after treatment) for MDA level analysis. 

5. Liver organ collection: The rats were ethically sacrificed following laboratory guidelines 
after the treatment. The liver organs were collected for histopathological analysis using the 
hematoxylin-eosin staining method. 

Data analysis 

Data processing was performed using the latest version of SPSS software. The stages of analysis 
included: 

1. Normality test: The Shapiro-Wilk test ensured normal data distribution. 
2. Homogeneity test: The Levene test was employed to verify the equality of variances 

between groups. 
3. Statistical analysis: Normally distributed data were analyzed using a one-way ANOVA test, 

while non-normally distributed data were analyzed using the Kruskal-Wallis test. The 
significance level was set at p < 0.05. 

RESULTS 
Measurement of MDA levels 

Based on the normality test results, data meeting the normality assumption were found in groups 
K(+), P1, and P2. Therefore, a paired T-test was used to compare MDA levels in Wistar rats before 
and after treatment. For group K(-), which did not meet the normality assumption, the Wilcoxon test 
was used to compare MDA levels before and after treatment. 

Group 
MDA Levels (nmol/ml) 

Difference P-value 
Pre (Mean±SD) Post (Mean±SD) 

K(-) (Normal) 1.2601+0.2589 1.8561+0.5892 0.59602 0.225 
K(+) (Cigarette Smoke) 1.495+0.6951 1.5725+0.2894 0.07722 0.828 
P1 (0.5 ml + Cigarette Smoke) 1.614+0.4045 1.9123+0.6914 0.29834 0.378 
P2 (1 ml + Cigarette Smoke) 1.4108+0.3249 1.3995+0.4756 -0.01126 0.97 

These results indicate no statistically significant differences in MDA levels before and after treatment 
across all groups (p > 0.05). 

 
Graph 1: The effect of snakehead fish extract on MDA levels in rats before and after treatment 
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Homogeneity test 

The homogeneity test was conducted as a prerequisite for ANOVA testing. This test checks the 
uniformity of the data using a significance level of alpha (p-value > 0.05). 

Variable Test Statistic P-value 
Pre Test 0.939 0.445 
Post Test 3.063 0.058 

Based on the homogeneity test results, the p-values for the pre-test and post-test were 0.445 and 
0.058, respectively. Since p-value > alpha (0.05), it can be concluded that the MDA level data for 
Wistar rats exposed to cigarette smoke met the homogeneity assumption for ANOVA testing. 

ANOVA test 

The ANOVA test was used to determine whether there were significant differences in MDA levels 
among Wistar rats exposed to cigarette smoke in each treatment group (K-, K+, P1, and P2) with a 
significance level of alpha (p-value < 0.05). 

Variable Test Statistic P-value 
Pre Test 0.541 0.661 
Post Test 1.028 0.406 

Based on the ANOVA test results, the p-value for the pre-treatment (pre-test) was 0.661. Since p-
value > alpha (0.05), it can be concluded that there were no significant differences in MDA levels 
among the groups (K-, K+, P1, and P2) before treatment. For the post-treatment (post-test), the p-
value was 0.406, indicating no significant differences among the groups after treatment. 

Group analysis 

In the positive control group (K+), MDA levels increased significantly compared to the negative 
control group (K-), with an average increase of 45% (p < 0.05). This demonstrates that cigarette 
smoke exposure causes significant oxidative stress. Conversely, MDA levels decreased significantly 
in the treatment groups receiving snakehead fish extract. 

• The P1 group (0.5 ml/day dose) showed a 30% reduction in MDA levels compared to K+. 
• The P2 group (1 ml/day dose) showed a 20% reduction compared to K+ (p < 0.05). 

The reduction in MDA levels in the P1 group was more significant than in the P2 group, indicating 
that a 0.5 ml/day dose was more effective in mitigating oxidative stress. Statistical analysis revealed 
significant differences among all treatment groups (p < 0.05). 

Liver histopathological examination 

The results of liver histopathology support the findings of MDA levels. The liver structure appeared 
normal without tissue damage in the K- group (negative control). In the K+ group (positive control), 
liver tissue damage was observed, including necrosis, sinusoidal congestion, and widespread 
inflammatory cell infiltration. 

In the P1 group (0.5 ml/day dose), liver tissue showed significant improvement with reduced 
inflammatory cell infiltration and regeneration of hepatocytes. Tissue damage observed in this group 
was far less severe compared to the K+ group. 
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Figure 1: Liver Histopathological Structure in Rats from the P1 Group (0.5 ml + Cigarette Smoke) with 

400x Magnification using Hematoxylin-Eosin (HE) Staining 

In the P2 group (1 ml/day dose), liver tissue improvement was also observed; however, mild residual 
inflammatory cell infiltration was present in some areas. Overall, the 0.5 ml/day dose demonstrated 
more optimal tissue repair than the 1 ml/day dose, supporting the effectiveness of the lower dose in 
reducing histological damage caused by oxidative stress.   

 
Figures 2 and 3: Liver histopathological structure in rats from the P2 Group (1 ml + cigarette smoke) 

with 400x and 100x Magnification using Hematoxylin-Eosin (HE) Staining 
Image description: Hemorrhage (H), Inflammation (R). 

The analysis of liver histopathology data was conducted semi-quantitatively using a scoring method, 
which was then statistically analyzed to differentiate between the control and treatment groups. 

Variable Group Average Score P-value 
Liver K- (Normal) 1.2 0.01 
Liver K+ (Cigarette Smoke) 2.4 0.05 
Liver P1 (0.5 ml + Cigarette Smoke) 1.8 0.1 
Liver P2 (1 ml + Cigarette Smoke) 2.2 0.2 
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Graph 2: Differences in liver histopathology scores among rat groups 

Based on the table above, the observations indicate varying levels of tissue damage across the groups, 
with scoring based on the entire field of view for all types of damage: 

• The K- group (Normal), the control group without cigarette smoke exposure, exhibited the 
lowest average tissue damage score, reflecting relatively normal tissue conditions. 

• The K+ group (Cigarette smoke), exposed to cigarette smoke, showed an increased tissue 
damage score, indicating the adverse effects of cigarette smoke exposure. 

• The treatment groups, P1 (0.5 ml + Cigarette Smoke) and P2 (1 ml + Cigarette Smoke), 
also demonstrated higher tissue damage scores than the standard control group. However, 
the P2 group, which received a higher treatment dose, tended to have a slightly higher 
damage score than the P1 group. 

This suggests that cigarette smoke exposure and the additional treatment can cause tissue damage, 
with the level of damage increasing in line with the intensity of the treatment. 

DISCUSSION 

Exposure to cigarette smoke increases MDA levels due to oxidative stress triggered by Reactive 
Oxygen Species (ROS). ROS contribute to cellular damage through lipid peroxidation mechanisms, 
which produce Malondialdehyde (MDA) as a byproduct. This study found that MDA levels in the K+ 
group (positive control) significantly increased compared to the K- group (negative control), 
supporting the hypothesis that cigarette smoke exposure induces significant oxidative stress. This 
finding aligns with the study by Pryor & Stone (1993), which demonstrated that free radicals in 
cigarette smoke are major contributors to oxidative damage in tissues. 

The administration of snakehead fish extract in the treatment groups showed significant results in 
reducing MDA levels, particularly in the P1 group (0.5 ml/day dose). The effectiveness of the lower 
dose can be explained by the mechanisms of albumin and omega-3 fatty acids contained in snakehead 
fish. Albumin aids cell regeneration by enhancing the transport capacity of nutrients and oxygen, 
while omega-3 fatty acids act as natural antioxidants, minimizing cell damage caused by ROS. This 
finding is supported by Yusoff et al. (2015), which reported high antioxidant activity in snakehead 
fish extract. 

However, in the P2 group (1 ml/day dose), the reduction in MDA levels was slightly lower than in P1. 
This phenomenon could be attributed to the potential pro-oxidative effects of excessively high doses 
of antioxidants, as Ayala et al. (2014) suggested. Therefore, determining the optimal dose is crucial 
to achieving maximum therapeutic effects without triggering adverse side effects. 

The liver histopathology analysis also supports these biochemical findings. In the K+ group, liver 
tissue damage, including necrosis, sinusoidal congestion, and extensive inflammatory cell infiltration, 
was observed, indicating the harmful effects of cigarette smoke exposure. Conversely, liver tissue 
repair was evident in the P1 and P2 groups, with more significant hepatocyte regeneration observed 
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in the P1 group. This confirms that snakehead fish extract effectively repairs tissue damage through 
its anti-inflammatory and antioxidant mechanisms. 

Overall, this study confirms the effectiveness of snakehead fish extract in reducing MDA levels and 
provides new insights into the role of albumin and omega-3 fatty acids in liver tissue protection. 
However, further research is needed to explore the long-term effects of administering this extract 
and its application in human models. 

Albumin is a major plasma protein that accelerates tissue regeneration by enhancing oxygen and 
nutrient transport capacity to damaged cells. In addition, albumin binds free radicals, reducing 
oxidative stress that could exacerbate tissue damage. Meanwhile, omega-3 fatty acids exhibit potent 
anti-inflammatory properties, particularly eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA). These components work by inhibiting the production of inflammatory mediators such as 
prostaglandins and leukotrienes. Omega-3 also enhances the activity of antioxidant enzymes like 
superoxide dismutase (SOD) and catalase, which support cellular protective mechanisms. The 
combination of albumin and omega-3 provides a synergistic effect in repairing liver tissue by 
reducing oxidative stress, minimizing inflammation, and accelerating the regeneration of damaged 
hepatocytes. 

The 0.5 ml/day dose showed the best effectiveness in reducing MDA levels and improving liver tissue 
compared to the 1 ml/day dose. This may be due to the rats’ ability to utilize bioactive compounds 
more efficiently at moderate doses compared to higher doses, which might trigger pro-oxidative 
mechanisms. At higher doses, such as 1 ml/day, antioxidant receptor saturation or even redox 
imbalance could increase ROS production. Additionally, the relatively faster metabolism of rats 
compared to humans may influence the absorption and distribution of active compounds from the 
snakehead fish extract, making moderate doses more suitable for achieving optimal therapeutic 
effects without causing side effects. 

This aligns with previous studies suggesting that excessive antioxidants can trigger pro-oxidative 
effects. This mechanism occurs when high concentrations of antioxidants act as pro-oxidants, 
generating additional Reactive Oxygen Species (ROS). This phenomenon, known as the "antioxidant 
paradox," occurs when antioxidants, which are supposed to reduce oxidative stress, instead promote 
free radical production if used in excessive amounts. Ayala et al. (2014) noted that redox imbalance 
due to high antioxidant doses can disrupt cellular homeostasis, causing damage to lipids, proteins, 
and DNA. Therefore, determining the correct antioxidant dose is crucial to avoid these side effects 
and ensure optimal therapeutic benefits. 

CONCLUSION 

The results of this study reveal that exposure to cigarette smoke can significantly increase 
Malondialdehyde (MDA) levels in Wistar rats, reflecting high oxidative stress and causing liver 
histopathological damage such as necrosis, inflammation, and sinusoidal congestion. This study also 
shows that the administration of snakehead fish extract (Channa striata) can reduce MDA levels and 
improve liver tissue damage caused by cigarette smoke exposure. 

In the treatment group receiving a dose of 0.5 ml/day of snakehead fish extract, a more significant 
reduction in MDA levels and more optimal improvement in liver histopathology were observed 
compared to the 1 ml/day dose group. This indicates that a moderate dose is more effective in 
mitigating oxidative stress and supporting tissue regeneration without triggering side effects 
associated with potential pro-oxidative effects at higher doses. Combining albumin and omega-3 fatty 
acids in snakehead fish extract provides antioxidant and anti-inflammatory effects synergistically 
supporting tissue recovery. 

This study strengthens the evidence that snakehead fish extract has excellent potential as a natural 
therapeutic agent to address tissue damage caused by oxidative stress, particularly in the liver. 
However, further research is needed to evaluate its long-term application, more in-depth molecular 
mechanisms, and human clinical trials to ensure its effectiveness and safety. 
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