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ABSTRACT 

	
Aims: This study evaluated the effects of flaxseed (Linum usitatissimum) ethanol extract on malondialdehyde (MDA) levels and fatty liver scores in male Wistar rats (Rattus norvegicus) induced with such a diet.
Study design:  This was a randomized post-test only control group design.
Place and Duration of Study: The study was conducted over seven months at Integrated Biomedical Laboratory, Faculty of Medicine, Universitas Udayana, Denpasar.
Methodology: Male wistarWistar rat (Rattus norvergicus) age 2-3 months with body weight 180-220 grams were used as subjects. Twenty-five rats were divided into five groups: normal control (K), high-fat, high-fructose control (K1), and three treatment groups (P1, P2, P3) receiving flaxseed extract at 200, 400, and 800 mg/kgBW/bw, respectively, for 35 days. MDA levels (nmol/ml) and fatty liver scores (%) were assessed to evaluate oxidative stress and hepatic steatosis. Data were analyzed using the Kruskal-Wallis and Dunn post hoc test due to non-normal distribution.
Results: Group K1 showed the highest mean MDA level (3.53 nmol/ml), while treatment groups P1, P2, and P3 showed reductions to 2.40, 2.09, and 1.16 nmol/ml, respectively. Similarly, fatty liver scores decreased from 66.60% in K1 to 53.33% (P1), 41.44% (P2), and 19.78% (P3). However, the MDA and fatty liver scores difference between treatment and control group were not significant (p>0,05).
Conclusion: Flaxseed extract administration tended to lower oxidative stress and hepatic fat accumulation in rats fedfed by a high-fat, high-fructose diet, though the effects wereare not statistically significant. Further studies are needed to confirm its therapeutic potential.
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1. INTRODUCTION 

Fatty liver disease is a widely increasing disease, associated with high-fat or high -fructose disease. Fatty liver disease can be caused by alcoholic fatty liver disease (AFLD) or non-alcoholic fatty liver disease (NAFLD) (Malnick et al., 2022). This condition is characterized by the accumulation of triglycerides and various other types of fat in liver cells. It is characterized by macrovesicular changes without inflammation (steatosis) or non-alcoholic steatohepatitis (NASH), which is caused by lobular inflammation without significant alcohol consumption (non-alcoholic fatty liver disease (NAFLD) (Antunes et al., 2023).
Alcoholic liver disease (ALD) is estimated to occur in 56.59% of the population with excessive alcohol consumption (Alkhouri et al., 2022). Meanwhile, NAFLD also showed high disease burden, with an estimation of 30% of global population is affected (Younossi et al., 2023).
Oxidative stress is a key player in fatty liver disease pathogenesis. Increased rReactive Ooxygen sSpecies (ROS) production, which is a marker for oxidative stress, triggers lipid peroxidation, corruptings unsaturated fats in cell membranes, and produceproduces malondialdehyde (MDA). This phenomenon will cause fat accumulation in the liver, that occurs due to an imbalance between fat synthesis, triglyceride accumulation, and fat degradation through beta oxidation in the mitochondria. MDA is a toxic compound with mutagenic effects. Malondialdehyde furthermore will be metabolized by enzymes or bind to proteins and nucleic acids, triggering biomolecule damage, proinflammatory gene expression, and activation of inflammatory signaling pathways such as NF-κB, which trigger vicious cycle and aggravate tissue damage in liver (Cordiano et al., 2023; Nabih et al., 2024).
Insulin resistance also poses a risk for the diseasedisease progression. Insulin resistance will increase fatty acid absorption, while also decrease fat burning or lipolysis in the liver tissue. Combined with fructose consumption, the liver undergoundergoes excessive lipogenesis, ultimately leading to fatty liver disease (Tomic et al., 2018; Antunes et al., 2023).
Flaxseeds (Linum usitatissimum) contain active components such as alpha-linolenic acid, lignans, and dietary fiber, making them a "superfood" with significant health benefits. Flaxseed oil is rich in alpha-linolenic acid (53%), which has been shown to lower total cholesterol, low-density lipoprotein (LDL), and very low-density lipoprotein (VLDL) levels, and has hepatoprotective effects (Gurumallu et al., 2022; Nowak & Jeziorek, 2023). 
Previous research found that administration of bioactive fatty acids from flaxseed against carbon tetrachloride (CCl4)-induced liver damage in rats significantly increased the activity of antioxidant enzymes in vivo such as catalase, superoxide dismutase (SOD), and peroxidase (POX) in carbon tetrachloride (CCl4)-induced liver damage rats (Rattus novergicus norvegicus) (Gurumallu et al., 2022). Currently, there are no studies reporting the effect of flaxseed extract as a potential therapy for fatty liver disease. This study aimed to explore the effect of flaxseed extract (Linum usitatissimum) for rat (RattusR. novergicus) norvegicus induced with high-fat high fructose diet.

2. METHODS

2.1. Study Design
This study was conducted using a purely experimental research system with a randomized post-test only control group design on in vivo experimental animals (Flannelly et al., 2018). The experimental animals were randomly divided into five experimental groups. One group was the control group, and the remaining four groups were treated for a predetermined period.
2.2. Location 
This study took place atwas conducted  at Integrated Biomedical Laboratory, Faculty of Medicine, Universitas Udayana, Denpasar. 

2.3. Subject CriteraCriteria 
The inclusion criteria for this study were adult male Wistar (Rattus novergicus) rats aged 2 to 3 months and weighing between 180 and 220 grams. Rats usedPhysiologically healthy rats were selected physiologically healthy, showing no signs of disease, and maintaineding at stable diet and activity pattern during the one-week acclimatization period. Exclusion and dropout criteria includedwas implemented for rats showing signs of illness, such as decreased activity, loss of appetite, or drastic weight loss, as well as rats that died before treatment. was administered.
2.4. Sample
The total number of mice used was 25, which were divided into 5 treatment groups which were normal control (K), high-fat, high-fructose control (K1), and three treatment groups (P1, P2, P3) receiving flaxseed extract at 200, 400, and 800 mg/kg/BWbw, respectively. The interventionexperiment was lastedconducted for 35 days.
2.5. Animal Model Development
Rats in group K1 and treatment groups (P1, P2, and P3) were fed with high fat suspension other than standard food which were given to all groups. High-fat diet was prepared by melting 300 grams of lard and mixing it with 200 grams of duck egg yolk, which was then diluted with 100 ml of distilled water and 1 ml of 0.5% Carboxymethyl cellulose (CMC) as a stabilizer. High-fat and High-fructose dietdiets werewere given through the drinking water, which was supplemented with 30% fructose syrup. High-fat, high-fructose diet will be given daily for 35 days.
Rats were sacrificed inon day 36th day. The rats were euthanized using 10% ketamine at a dose of 50 mg/kg body weight and 20 mg/kg body weight of xylazine intramuscularly. The livers were then removed and cut into 1x1x1 cm pieces.

2.6. Flaxseed (Linum ussittatum) Extract  
Flaxseed extract was prepared by grinding dried flaxseed using a grinder for 30 seconds to a powder, then weighed and extracted with 70% ethanol (ratio 1:10) by maceration at room temperature for 24–48 hours with daily stirring. The mixture was filteredfiltered, and filtration was repeated if necessary to obtain a clear solution. The extract solution was then evaporated using a rotary evaporator at 40–50°C to form a concentrated extract, which was then weighed and formulated in doses of 200, 400, and 800 mg/kgBW/bw using 0.5% CMC Na solution, then vortexed until homogeneous.
The flaxseed extract iswas dissolved in 200 ml of distilled water using 0.5% Carboxymethylcellulose sodium (CMC Na) as a suspending agent. The solution was is prepared in a mortar and mixed thoroughly until homogeneous. To achieve concentrations of 200 mg/ml, 400 mg/ml, and 800 mg/ml, the required amount of extract is calculated based on the desired dose per milliliter of solution. A 200 mg/ml dose requires 200 mg of extract per 1 ml, resulting in 40 g of extract for 200 ml of solution (200 mg × 200 ml = 40,000 mg = 40 g). Similarly, 400 mg/ml and 800 mg/ml doses require 80 g and 160 g of extract, respectively. After adding the extract, the mixture is vortexed to ensure even distribution and stability of the suspension. The rats were given 1 ml extract based withon different dosages for each treatment group (P1, P2, and P3).

2.76. Malondialdehyde Level Measurement 
Malondialdehyde (MDA) levels as an were measured using the TBARS method using ratfor liver tissue and blood serum. Fresh liver tissues wereas washed with PBS, weighed (±100 mg), homogenized in PBS pH 7.4, and then centrifuged at 10,000 rpm for 10 minutes at 4°C. Serum was obtained from orbital sinus venous blood centrifuged for 30 minutes at 3000 rpm. For the TBARS reaction, 100 μl of homogenate was mixed with 200 μl of 10% TCA and 200 μl of 0.67% TBA, vortexed, and incubated at 95°C for 60 minutes. After cooling, 1 ml of butanol was added, vortexed, and centrifuged for 10 minutes at 3000 rpm to separate the organic phase, which was then read for absorbance at 532 nm. MDA concentrations were calculated based on a standard curve (0–8 nmol/ml) and expressed as nmol MDA per mg protein or per gram tissue using the regression equation (y = mx + c).

2.87. Liver Histology Examination and Fat Scoring 
Rat liver Hhistologicaly slides were prepared using the paraffin embedding method followed by hematoxylin-eosin (HE) staining. Liver tissues were fixed in 10% neutral buffered formalin (NBF) for 24–48 hours, dehydrated through graded ethanol (70% to absolute), clarified with xylene, and embedded in paraffin at 60°C before hardening. Paraffin blocks were sectioned at 3–10 µm (typically 5 µm) using a microtome, floated in a 40–45°C water bath, and mounted on slides. HE staining involved deparaffinization, rehydration, hematoxylin staining, differentiation, neutralization, eosin staining, dehydration, and final clarification with xylene. Slides were coverslipped and examined under a Zeiss light microscope at 10x or 20x magnification. Liver fat was counted as area (%) in all groups. The percentage were measured in image analysis system (Leica Qwin V3 program [Leica Microsystems] Switzerland. LTD.).

2.97. Data Analysis 
Data were analyzed using SPSS version 25.0. Descriptive analysis was conducted to understand the basic characteristics and frequency distribution of the data, including the mean values of age, hair length, and hair density (Nuryadi et al., 2017). Next, the nNormality of the data was assessed using the Shapiro-Wilk test, appropriate for sample sizes under 50, with a significance level (α) of 0.05. The MDA level data were found to be non-normally distributed, whereas the liver steatosis scores followed a normal distribution (Nuryadi et al., 2017). Homogeneity of variance was then tested using Levene’s Test, revealing that MDA levels were homogeneous (p > 0.05), while liver steatosis scores were not (p < 0.05) (Nuryadi et al., 2017). Finally, comparability testing was performed using the Kruskal-Wallis test, as both MDA levels and liver steatosis scores did not meet the assumptions for parametric testing. Post hoc analysis for both variables was conducted using Dunn’s method (Nuryadi et al., 2017).	Comment by Divyanshu _: No need to mention as detailed. Mention only the software or the test applied for the statistical analysis.


3. results and discussion

During the research process, 6 subjects dropped out due to death in the experimental animals. Deaths were recorded in groups P1, P2, and P3, each with 2 animals. Deaths in group P1 occurred on days 3 and 13 of the study. Deaths in group P2 occurred on days 10 and 27. Deaths in group P3 occurred on days 18 and 21 of the study. Deaths canmight be caused by stress and trauma due to inappropriate probes. The number of19 subjects who survived until the end of the study was 19 animals.
Animal deaths in laboratory experiment might be caused by stress or trauma. Feeding laboratory rats via oral gavage can induce significant stress and trauma, comparable to injection procedures, as evidenced by elevated blood corticosterone levels,—a physiological stress marker (Ely et al., 1997). Although non-invasive, improper handling during gavage may trigger defensive responses, chronic stress, esophageal irritation, and behavioral changes such as altered feeding patterns and increased anxiety-like behaviors (Larcombe et al., 2019).	Comment by Divyanshu _: Avoid repetition
MDA level data distribution of each group was not normal (P<0,05) except P1 (P=0,39), meanwhile the data distribution for fatty liver score were normal for all group (P>0,05). Homogeneity test showed the MDA level data were homogen (P=0,74), meanwhile fatty liver score was not homogen (P=0,001).
The MDA levels in the control group (K) showed the lowest average among all treatment groups. Meanwhile, in the group receiving a high-fat, high-fructose diet, the normal control group had the highest average (3.53 nmol/ml) and the P3 group had the lowest MDA levels (1.16 nmol/ml). The difference in the averages between the groups was statistically significant (p < 0.05) (Table 1).

Table 1. MDA level comparation from all groups.
	Groups
	N
	MDA level (nmol/L) mean (and SD)
	MDA level (nmol/L) median
	P

	K
	5
	0.,727 ±(0.,057)	Comment by Divyanshu _: Change as per correction 0.727 ± 0.057. No need to mention median, and arrange according to table format.
	0,75
	0.,002


	K1
	5
	3.,53 (±0.,133)
	3,58
	

	P1
	3
	2.,4 (0.,08)
	2,37
	

	P2
	3
	2.,09 (0.,006)
	2,08
	

	P3
	3
	1.,16 (0.,019)
	1,17
	


P = significance of Kruskal-Wallis test; K = normal control; K1 = high-fat high-fructose control; P1 = 200 mg/kgBW/bw/day of flaxseed ethanol extract; P2 = 400 mg/kgBW/bw/day of flaxseed ethanol extract; P3 = 800 mg/kgBW/bw/day of flaxseed ethanol extract

Figure 1 showed histologic liver preparate with different count of fat cells. Normal control group (K) only showed minimum to none fat cells. K1 group showed the highest number of fat cells. Meanwhile the treatment groups showed higher fat cells count compared K group, but less than the K1 group.	Comment by Divyanshu _: Not clearly mentioned. Improve the grammars of this paragraph to enhance readability.
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Fig 1. Histopathological Examination Results of Liver Tissue at 200x magnification.
Fat cells are transparent with nuclei at the edges (marked with white arrows). (A) Control group [K]. (B) High-fat high fructose diet only group [K1]. (C) Treatment group 200 mg/kgBW/day of flaxseed ethanol extract [P1]. (D) Treatment group 400 mg/kgBW/bw/day of flaxseed ethanol extract [P2]. (E) Treatment group 800 mg/kgBW/bw/day of flaxseed ethanol extract [P3]. 	Comment by Divyanshu _: In the figure - also mention the changes beside white arrows.

The normal control (K) group had the lowest average fatty liver score compared to the other groups (4.22%). The high-fat, high-fructose control group (K1), and the treatment (P1-P3) had a higher average fatty liver score compared to the normal control. The high-fat, high-fructose control group (K1) recorded the highest average fatty liver score (66.67%). Meanwhile, the P3 group recorded the lowest average fatty liver score compared to the other groups that received a high-fat, high-fructose diet (19.78%). The difference in the average fatty liver score between the groups was statistically significant (p < 0.05) (Table 2).	Comment by Divyanshu _: use the abbreviations, not need to write full form of each group everytime. Use. K, K1 directly.


Table 2. Fatty liver score comparation from all group.
	Groups
	N
	Fatty liver score (%) mean (SD) 
	Fatty liver score (%) median
	P

	K
	5
	4.,13 (2.,81)
	4.,33
	0.,002

	K1
	5
	66.,6 (9.,39)
	63.,67
	

	P1
	3
	53.,33 (2.,72)
	52.,67
	

	P2
	3
	41.,44 (2.,45)
	42.,33
	

	P3
	3
	19.,78 (8.,75)
	16.,67
	


P = significance of Kruskal-Wallis test; K = normal control; K1 = high-fat high-fructose control; P1 = 200 mg/kgBW/day of flaxseed ethanol extract; P2 = 400 mg/kgBW/bw/day of flaxseed ethanol extract; P3 = 800 mg/kgBW/day of flaxseed ethanol extract	Comment by Divyanshu _: Make corrections in the table as suggested in Table 1.

Rats fed a high-fat, high-fructose diet in this study had higher MDA levels and fatty liver scores than the treatment groups, especially the high-fat, high-fructose control (K1). The differences in MDA levels and fatty liver scores between groups were statistically significant (p < 0.05). The findings of this study align with other studies. Providing a high-fat diet resulted in higher MDA levels in rats compared to the group fed a standard diet (Harsa, 2014). Recent studies have also consistently shown that a high-fat diet induces oxidative stress in male Wistar rats. This is evidenced by increased malondialdehyde (MDA) MDA levels, a key marker of lipid peroxidation. In a controlled experiment by Kusumaningrat et al. (2023), rats fed a high-fat diet for four weeks showed significantly increased serum MDA concentrations compared to controls, indicating increased free radical scavenging activity and membrane lipid damage (Kusumaningrat et al., 2023; Hikmah & Annajwa, 2024).
The findings of this study also align with previous research. A study by Salma et al. (2019), which examined a fatty liver model using male Wistar rats, reported significantly lower MDA levels in the group given flaxseed extract. Another study by Han et al. (2017) also reported that flaxseed extract resulted in lower MDA levels and liver damage in rats fed a high-fat diet.
Feeding a high-fat diet to rats inhibits normal lipid metabolism pathways, leading to triglyceride deposition in hepatocytes and the development of NAFLD. Previous proteomic analysis revealed that rats fed a high-fat diet exhibited upregulation of proteins involved in lipid transport and storage, accompanied by downregulation of fatty acid oxidation enzymes, contributing to intracellular fat accumulation (Sang et al., 2019). A high-fat diet not only exacerbates liver fat accumulation but also promotes the development of fibrotic and precancerous changes, even without prior liver damage (Taguchi et al., 2024).
High-fructose diets have been widely used in animal models to mimic dietary patterns associated with metabolic syndrome and oxidative stress. In mice, chronic intake of a high-fructose diet, either through drinking water or formula feed, has been shown to significantly increase MDA levels in plasma and liver. One study examining fructose feeding in mice reported a consistent downregulation of antioxidant enzymes such as superoxide dismutase (SOD) and catalase, in addition to increased MDA concentrations, indicating a shift toward a pro-oxidative state (Mirzaei et al., 2023). Other studies have found that increased MDA levels correlate with histopathological changes in liver architecture, including steatosis and inflammatory infiltration (Chan et al., 2021).
The effect of flaxseed extract on MDA levels and fatty liver is attributed to the rich bioactive compound profile of flaxseed, including alpha-linolenic acid, lignans, and polyphenols, which enhance endogenous antioxidant defenses such as superoxide dismutase (SOD) and glutathione (GSH) (De Smet et al., 1997). Lower MDA levels in treatment groups P1, P2, and P3 that received flaxseed ethanol extract, indicate the potential for preventing hepatocellular injury mediated by reactive oxygen species (ROS), thus potentially slowing the progression of steatosis to steatohepatitis (Merenda et al., 2024).
Based on the results of the post-hoc test using the Dunn method, a statistically significant mean difference (P < 0.05) was only reported between the normal control group (K) and the high-fat, high-fructose control group (K1). The mean difference in MDA levels between the two groups reached 2.803 nmol/ml (P = 0.016). The difference in mean MDA levels between the other groups did not show statistically significant differences (P>0,05).
Similar results were also obtained from the post-hoc test for fatty liver scores. Statistically significant mean difference (p < 0.05) was only reported between the normal control group (K) and the high-fat, high-fructose control group (K1). The mean difference in fatty liver scores between the two groups reached 62.46% (p = 0.001). The mean difference in fatty liver scores between the other groups did not show statistically significant differences.

Table 3. Post Hoc analysis of MDA level and fatty liver score between experiment groups.
	Variable 
	Groups
	Mean Difference 
	P

	MDA level (nmol/L)

	K vs K1
	2.,80
	0.,016*

	
	K vs P1
	1.,67
	0.,28

	
	Kvs P2
	1.,36
	0.,28

	
	K vs P3
	0.,43
	0.,28

	
	K1vs P1
	1.,13
	0.,28

	
	K1vs P2
	1.,44
	0.,28

	
	K1vs P3
	2.,37
	0.,28

	
	P1 vs P2
	0.,31
	0.,14

	
	P1 vs P3
	1.,24
	0.,14

	
	P2 vs P3
	0.,93
	0.,14

	Fatty liver score (%)

	K vs K1
	62,46
	0,001*

	
	K vs P1
	48,53
	0,13

	
	Kvs P2
	37,30
	0,88

	
	K vs P3
	15,64
	1,00

	
	K1vs P1
	13,27
	1,00

	
	K1vs P2
	25,16
	0,92

	
	K1vs P3
	46,82
	0,15

	
	P1 vs P2
	11,89
	1,00

	
	P1 vs P3
	33,55
	1,00

	
	P2 vs P3
	21,66
	1,00


P = significance of Post Hoc test; K = normal control; K1 = high-fat high-fructose control; P1 = 200 mg/kgBW/bw/day of flaxseed ethanol extract; P2 = 400 mg/kgBW/day of flaxseed ethanol extract; P3 = 800 mg/kgBW/day of flaxseed ethanol extract

The results of this study is a little differ from previous research, where administration of flaxseed extract could produce significantly lower fat in liver tissue. In a study by Xu et al. (2017), flaxseed oil supplementation significantly reduced hepatic lipid accumulation and oxidative stress in rats fed a high-fat diet, however it used combined extract (with astaxanthin). Another study also reported that ground flaxseed improved steatohepatitis and fibrosis in a rat model of high-fat diet-induced obesity. These findings were evidenced by improved liver histology, decreased collagen deposition, and normalized liver enzyme levels (Sorour et al., 2021). Naik et al. (2023) also reported that whole flaxseed supplementation reduced hyperlipidemia and hepatic steatosis in Wistar albino rats. The mechanism is thought to be through modulation of antioxidant enzyme activity and suppression of lipid peroxidation (Naik et al., 2023).
Flaxseed and its bioactive components, particularly ALA, lignans, and specific peptides, exert protective effects against hepatic steatosis by modulating lipid metabolism, oxidative stress, and inflammatory signaling. ALA, the primary omega-3 fatty acid in flaxseed, enhances the activation of the hepatic β-oxidation pathway and suppresses de novo lipogenesis by downregulating Sterol Regulatory Element-Binding Protein-1c (SREBP-1c) and fatty acid synthase (FAS), thereby reducing triglyceride accumulation in hepatocytes. In a mouse model study, flaxseed supplementation significantly improved liver enzyme profiles and insulin resistance in a NAFLD model, suggesting systemic metabolic benefits beyond hepatic lipid clearance (Yang et al., 2021). Furthermore, the flaxseed-derived IPPF peptide has been shown to enhance cholesterol excretion by upregulating CYP7A1 and ABCG5/8, thereby reducing hepatic cholesterol overload and oxidative damage. These molecular actions collectively contribute to the attenuation of steatosis and fibrosis (Naik et al., 2023).

The lack of a significant effect of flaxseed extract on malondialdehyde (MDA) levels and fatty liver in male Wistar rats fed a high-fat, high-fructose diet may be influenced by variations in dosage, type of extract, administration method, and duration of treatment. Previous studies using flaxseed oil extract reported lower fatty liver in male Wistar rats fed a high-fat diet. The extract was administered mixed with feed at a dose of 1%. The treatment in that study was also longer than this study, at 60 days. The minimal effect on the results may also be due to differences in treatment (Scanarotti et al., 2024).
Previous studies administered flaxseed extract mixed with feed from the start of the study. Although flaxseed extract can improve lipid profiles and reduce markers of oxidative stress in a metabolic syndrome model, these effects may not be strong enough to significantly reverse established lipid peroxidation (as indicated by MDA levels) or liver fat accumulation in a high-calorie diet model over a period of time, as in this study, because the rats were initially fed a high-fat, high-fructose diet. In addition, complex metabolic changes induced by a high-fat, high-fructose diet may overcome the protective antioxidant capacity of flaxseed, thus limiting its effects on hepatic steatosis and oxidative stress biomarkers (Abdelkarem & Fadda, 2017; Dutta et al., 2025; Scanarotti et al., 2024)
4. Conclusion
Administration of ethanol extract of flaxseed (Linum usitatissimum) at doses of 200, 400, and 800 mg/kgBW/bw/day in male Wistar rats (Rattus norvegicusnovergicus) with diet-induced obesity did not significantly reduce malondialdehyde (MDA) levels or liver steatosis scores compared to either the high-fat high-fructose control group or between dose groups. Although treatedment groups produceshowed lower MDA levels and liver steatosis scores, none reached statistical significance	Comment by Divyanshu _: Need improvement in conclusion.
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