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Abstract 
A diet high in saturated fat and fructose leads to dyslipidemia, increasing atherosclerosis risk. 
Although lipid-lowering medications are available, they have certain limitations. Flaxseed, rich 
in ALA, lignans, and phytosterols, may improve lipid profiles and act as an antioxidant. This 
study evaluated the effectiveness of flaxseed in preventing LDL cholesterol elevation and aortic 
foam cell formation in male Wistar rats fed a high-fat, high-fructose (HFHF) diet. This actual 
experimental study used a post-test-only control group design for 35 days. Twenty-five male 
Wistar rats were randomly assigned to five groups: N (normal control, standard diet), K 
(negative control, HFHF diet), and three treatment groups (P1, P2, P3, HFHF diet) receiving 
flaxseed ethanol extract at doses of 200, 400, and 800 mg/kgBW/day. LDL cholesterol levels 
(mg/dL) and aortic foam cell counts (cells/HPF) were measured. Data were analyzed using 
Shapiro-Wilk and Levene tests for normality and homogeneity, followed by one-way ANOVA, 
Kruskal-Wallis, and Tukey-HSD post hoc tests. LDL cholesterol levels in groups N, P1, P2, 
and P3 were significantly lower than in group K (p = 0.007), with P2 showing the most 
significant inhibition (p = 0.035). Foam cell counts were lower in treatment groups than in 
group K (p = 0.257), but no significant differences were found among them. Flaxseed (Linum 
usitatissimum) ethanol extract at 400 mg/kgBW/day was the most effective in preventing an 
increase in LDL cholesterol. However, the extract at all three doses was ineffective in 
preventing an increase in aortic foam cells in male Wistar rats (Rattus norvegicus) fed an HFHF 
diet. 
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1. INTRODUCTION 
Cardiovascular disease (CVD) is the leading cause of death worldwide, killing 17.9 

million people, or 32% of all deaths. According to the WHO (2021), 85% of these deaths were 

caused by heart attacks and strokes (World Health Organization, 2021). Coronary heart disease 

(CHD) is the most common cardiac disease in adults in Indonesia. The number of people with 

it has grown from 0.5% in 2013 to 1.5% in 2018. Dyslipidemia, hypertension, diabetes, an 

unhealthy diet, a lack of exercise, an abnormal body mass index, smoking, and drinking too 

much alcohol are some of the things that can lead to CHD and atherosclerosis (Ministry of 

Health, Republic of Indonesia, 2018). 

Atherosclerosis, which is when cholesterol, lipids, and/or calcium build up and harden 

along the walls of arteries, is a primary cause of coronary heart disease. The heart may not work 

as well because it does not get enough blood when this builds up. Atherosclerosis begins when 

small Apo-B particles, such as LDL cholesterol, clump together in the walls of arteries. This 

process causes foam cells to develop and plaque to accumulate through various cellular 

mechanisms (Juslim & Herawati, 2018; Li et al., 2022; Indonesian Heart Association, 2022). 

Foam cells, typically found in the tunica intima, are therefore considered an important indicator 

of worsening atherosclerosis (Maghfiroh et al., 2022). Dyslipidemia is a disorder characterized 

by abnormalities in lipid profiles, including aberrant levels of total cholesterol (TC), low-

density lipoprotein (LDL), and triglycerides (TG), as well as reduced levels of high-density 

lipoprotein (HDL) (Ma’rufi & Rosita, 2014). Dyslipidemia causes one out of every three cases 

of cardiovascular disease and kills 2.6 million people. Throughout the world, LDL levels have 

increased, but the most significant rise has occurred in Indonesia. Because LDL contributes to 

atherosclerosis, this could lead to an increase in cases of the disease (Indonesian Endocrinology 

Association, 2021). 

Modern diet habits often involve frequent consumption of food and drinks that are rich in 

sugar, fat, and calories. A diet high in saturated fat significantly increases LDL cholesterol 

levels. On the other hand, consuming a diet high in fructose disrupts the body’s ability to use 

glucose and increases fat production through lipogenesis (Malik & Hu, 2015). Lipogenesis can 

lead to dyslipidemia, atherosclerosis, fatty liver, insulin resistance, and obesity (Handayani et 

al., 2021). Hardimarta et al. (2021) and Gileva et al. (2022) found that a diet high in saturated 

fat and fructose accelerates the rise in LDL cholesterol levels and foam cell formation in the 

aorta(Gileva et al., 2022; Hardimarta et al., 2020). A previous study by Veonika et al. (2024) 

reported that micronutrients could reduce lipid content (Veonika et al., 2024). Nevertheless, 

lipid-lowering medications are widely used despite their known limitations (Farida & Putri, 

2016). The use of herbal therapy is an option due to its relatively lower cost, good efficacy, and 

low side effects. Flaxseed, known as linseed or by its scientific name Linum usitatissimum, is 

rich in polyunsaturated fatty acids (PUFA), phytosterols, and lignans. Flaxseed contains 41% 

fat (73% PUFA and 8% MUFA), 21% protein, and 28-40% fiber. It also contains vitamins, 

minerals, phytosterols, and lignans. The primary PUFA in flaxseed is alpha-linolenic acid 

(ALA) at 56.93%, followed by linoleic acid (LA) at 15.82%. Inside the body, ALA can be 
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converted into eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which have anti-

inflammatory properties, improve lipid metabolism, and support the myelination of neurons. 

The lignans, phytosterols, and fibers in flaxseed also contribute to better lipid profiles and help 

prevent atherogenic processes. Furthermore, the high levels of phytosterols and lignans in 

flaxseed act as antioxidants (Kanikowska et al., 2020; Shahidi et al., 2022). 

Some studies have shown that flaxseed oil is effective in reducing small dense LDL (sd-

LDL) levels while also significantly reducing LDL and total cholesterol (Kawakami et al., 

2015). Flaxseed itself has also been linked to a reduction in the atherosclerotic process by 

reducing atheroma plaque formation and improving its contractility (Bujok et al., 2021). The 

research on the effects of commonly found flaxseed extracts on LDL cholesterol levels and the 

progression of atherosclerosis, particularly in Indonesia, is limited. There is a lack of specific 

studies investigating the effects of flaxseed extracts on LDL cholesterol levels and changes in 

the aortic lumen. This study aimed to investigate the effects of ethanolic flaxseed extract on 

LDL cholesterol levels and aortic foam cell counts in male Wistar rats fed a high-fat, high-

fructose diet.  

2. MATERIAL AND METHODS 
2.1 Ethical clearance 

This research received ethical approval from the Faculty of Medicine, University of 

Udayana Research Ethics Commission, with the number 2558 /UN 14.2.2.VII. 14/LT/2024.  

 

2.2 Research design 
This research is an actual experimental study with a randomized post-test-only control 

group design. Flaxseed extraction was conducted at the Integrated Biomedical Laboratory, 

Pharmacology Division, Faculty of Medicine, University of Udayana. The treatment and 

maintenance of the rats were carried out at the Integrated Biomedical Laboratory, Histology 

Division, Faculty of Medicine, University of Udayana. The phytochemical testing of flaxseed 

extract was conducted at the Integrated Research and Testing Laboratory of the University of 

Gadjah Mada. LDL cholesterol levels were measured at the Integrated Biomedical Laboratory, 

Biochemistry Division, Faculty of Medicine, Universitas Udayana. The histological specimens 

were prepared at the Anatomical Pathology Laboratory of the University of Udayana Hospital.  

 

2.3 Flaxseed extraction and preparation of a high-fat, high-fructose diet 
The flaxseed used in this study was registered with the Indonesian Ministry of Agriculture 

under the number KEMTAN RI PD 31.72-A.III.000-01-00634-10/21. The flaxseed extraction 

process began by grinding 9 kg of dried flaxseeds (Club Sehat; Jakarta, Indonesia) using a 

blender (Fomac; Jakarta, Indonesia). The flaxseed powder was placed in a maceration jar, and 

18 L of 70% ethanol (Onemed; Sidoarjo, Indonesia) solvent was added until thoroughly soaked. 

The mixture was then stirred and left in a dark room for three days, with stirring performed 

twice daily, in the morning and evening. The residue and the maceration result were then 

separated using filter paper. Maceration was repeated three times, and all the maceration results 
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obtained were combined and then evaporated using a rotatory evaporator (Hahnvapor; 

Gyeonggi-do, South Korea) until a thick extract was obtained (Putri, 2018).  

A high-fat diet was formulated by mixing 300 grams of melted lard with 200 grams of 

duck egg yolk, then combining with 100 ml of distilled water to form a homogenous suspension. 

This suspension was administered to rats at a dose of 1 ml per day in the morning via oral 

gavage. The daily intake of the standard diet was monitored by weighing the food before and 

after feeding, allowing for the calculation of individual daily food consumption. A high-fructose 

diet was induced by providing a 30% fructose (Rose Brand; Bandar Lampung, Indonesia) 

solution in the drinking water. This high-fat, high-fructose diet was given to rats for 35 days 

(Harsa, 2014; Susanti et al., 2019). 

2.4 Experimental animals 
This study employed the Resource Equation Approach Formula to determine the 

minimum and maximum sample size. The minimal required sample was 3 per group (15 total), 

while the maximum was 5 per group (25 total). This study utilizes the maximum sample size, 

selecting 25 male Wistar rats bred at Laboratorium Biomedik Terpadu, Universitas Udayana, 

aged 2-3 months, weighing 180-200 grams, and in good health. Rats that were already ill, had 

died, or were not eating were excluded from the study (Kinanti et al., 2023). Samples were 

acclimated for one week in groups of 4-5 in a 40 x 30 x 20 cm cage with controlled ventilation, 

lighting, and temperature. A standard diet (feed 594) was given ad libitum throughout the 

experiment. After acclimatization, samples were divided into five groups: N (normal control) 

received a standard diet, K (negative control) was given a high-fat, high-fructose diet, while P1, 

P2, and P3 were administered a high-fat, high-fructose diet supplemented with 200, 400, and 

800 mg/kg BW/day flaxseed ethanol extract for 35 days, respectively (Harsa, 2014; Rosmala et 

al., 2018). On the 36th day, all rats were anesthetized with a mixture of 10% ketamine and 2% 

xylazine. Around 2 mL of blood was collected from the medial canthus of the orbital sinus for 

LDL cholesterol analysis. Euthanasia was performed with 2-3 times the anesthetic dose, 

followed by cervical dislocation. The thoracic aorta was then extracted, and the carcasses were 

buried. 

 

2.5 Assessment of LDL cholesterol levels and histopathology 
Blood samples of 2 ml were centrifuged using a Hettich EBA 3S (Tuttlingen, Germany) 

for 10-20 minutes at 3,000 rpm. Total cholesterol, HDL, and triglycerides were measured using 

a DiaSys Diagnostic System GmbH (Holzheim, Germany) CHOD-PAP enzymatic photometric 

test. LDL cholesterol levels were calculated using the Friedewald formula (LDL cholesterol 

(mg/dL) = Total cholesterol (mg/dL) – HDL cholesterol (mg/dL) – (Triglycerides (mg/dL)/5)). 

However, it has limitations and cannot be used for triglyceride levels greater than 400 mg/dL 

(Kumar et al., 2021). 

Using a tissue processor (DEKO PATH Dk-TSM1; Shandong, China), the thoracic aorta 

was fixed in 10% neutral buffer formalin (Leica; Virginia, USA), dehydrated in 96% alcohol 

(JK Care; Jakarta, Indonesia), and cleared in xylene (Bratachem; Tangerang, Banten). 
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Subsequently, it was embedded in paraffin (Pro Histo; Jiangsu, China), sectioned into 4-5μm 

thick sections with a Leica microtome 820 (Bonn, Germany), and stained with hematoxylin and 

eosin (Kurniawan et al., 2022; ScyTek; Utah, USA). The prepared tissues were then examined 

under a microscope using the Olympus CX33 microscope with an EP50 camera (Guangzhou, 

China). Foam cell counts were conducted by observing under a microscope at 40x 

magnification to identify areas rich in foam cells and counting cells in five high-power fields 

(HPF) using 400x magnification (Han et al., 2015). 

2.8 Statistical analysis 
Data from this study were analyzed using SPSS software version 29.0.0. Descriptive 

analysis was presented as the mean, standard deviation (SD), minimum value (MIN), and 

maximum value (MAX). Data normality was assessed using the Shapiro-Wilk test, while 

variance homogeneity was evaluated using Levene’s test. Since LDL cholesterol levels were 

normally distributed (p ≥ 0.05) with homogenous variances, a one-way ANOVA was used to 

compare the means of three or more groups, followed by a Tukey-HSD post hoc test. The 

Kruskal-Wallis test was selected because the data on the number of aortic foam cells were not 

normally distributed (p < 0.05). 

3. RESULTS AND DISCUSSION 
A descriptive and comparative analysis of the lipid profiles (total cholesterol, 

triglycerides, HDL, and LDL) of rats was conducted after 35 days of a high-fat, high-fructose 

(HFHF) diet and flaxseed extract treatment (Table 1). Due to the prevalence of dropouts, the 

final analysis in this study only included 19 rats, with two rats from each treatment group (P1, 

P2, and P3) excluded. A descriptive analysis of LDL cholesterol levels (mean ± SD, mg/dL) 

across various experiments (Table 1) revealed that the normal control group (N) displayed a 

mean of 91.779 ± 29.780. In contrast, the negative control group (K) showed significantly 

elevated levels at 251.953 ± 91.111. The P1 group (200 mg/kgBW/day) exhibited a mean LDL 

cholesterol level of 145.788 ± 36.744, while the P2 (400 mg/kgBW/day) and P3 (800 

mg/kgBW/day) groups exhibited mean levels of 112.209 ± 24.615 and 127.686 ± 56.043 

mg/dL, respectively. The LDL cholesterol levels in all groups were normally distributed (p ≥ 

0.05) and showed homogeneity of variances (p ≥ 0.05). The one-way ANOVA test yielded a p-

value of 0.007 (p < 0.05), indicating a statistically significant difference between at least one 

group and all other groups compared.  

The Tukey-HSD post hoc test (Table 2) revealed a significant decrease in LDL cholesterol 

levels between the normal control group (N) and the negative control group (K), as well as 

between the negative control group (K) and P2 at a dose of 400 mg/kg BW/day. There was no 

significant decrease in LDL cholesterol levels between the negative control and P1 (p = 0.14) 

or P3 (p = 0.069). A descriptive and comparative analysis of HDL levels and foam cell counts 

in control and treatment groups following 35 days of a high-fat, high-fructose (HFHF) diet and 

flaxseed extract treatment (Table 3) revealed a statistically significant difference in HDL levels 

(p < 0.05). In contrast, no significant difference was observed in foam cell counts (p ≥ 0.05). A 
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quantitative analysis of the phytochemical composition of the flaxseed ethanol extract, 

measured by spectrophotometry and gas chromatography (Table 4). 

Table 1. Descriptive and comparative analysis of the lipid profiles (total cholesterol, 
triglycerides, HDL, and LDL) in rats after 35 days of HFHF diet and flaxseed extract treatment. 
Description: n = sample size; SD = standard deviation; p value = significance; * = significant 
value; N = normal control group; K = negative control group; P1 = 200 mg/kg BW/day; P2 = 
400 mg/kg BW/day; P3 = 800 mg/kg BW/day. 

Variable Group n Mean ± SD Minimal Maximal p 

Total cholesterol 
(mg/dL) 

N 5 265.745 ± 34.418 231.92 313.83 

0.006* 
K 5 425.745 ± 94.325 302.13 560.64 
P1 3 301.773 ± 55.994 243.62 355.32 
P2 3 261.347 ± 26.368 242.55 291.49 
P3 3 301.418 ± 38.421 259.57 335.11 

Triglycerides 
(mg/dL) 

N 5 343.575 ± 45.956 298.32 411.17 

0.16 
K 5 385.251 ± 75.146 289.94 498.88 
P1 3 380.447 ± 110.682 272.07 493.30 
P2 3 277.467 ± 17.366 257.54 289.39 
P3 3 321.787 ± 49.918 281.56 377.65 

LDL 
(mg/dL) 

N 5 91.779 ± 29.780 57.64 117.31 

0.007* 
K 5 251.953 ± 91.111 120.48 372.11 
P1 3 145.788 ± 36.744 107.02 180.10 
P2 3 112.209 ± 24.615 96.97 140.61 
P3 3 127.686 ± 56.043 64.60 171.70 

There were significant differences in LDL cholesterol levels among the treatment groups. 

The normal control group (N) had lower levels compared to the negative control group (K). In 

comparison, the P2 (400 mg/kg BW/day) also showed significantly lower levels compared to 

the negative control group (K). Descriptive analysis of foam cell counts (mean ± SD, mg/dL) 

across different experiments found that the normal control group (N) exhibited 0.40 ± 0.89. In 

contrast, the negative control group (K) showed higher levels at 1.40 ± 1.52. Among the 

treatment groups, P1 had foam cell counts of 0.33 ± 0.58, P2 had 0,00 ± 0.00, and P3 had 0.00 

± 0.00. The foam cell counts in all groups were not normally distributed (p < 0.05) but exhibited 

homogeneity of variances (p ≥ 0.05). The Kruskal-Wallis test yielded a p-value of 0.15, 

indicating no significant difference between any of the groups compared. The histopathological 

features of the thoracic aorta lumen are shown in Figure 1, while those of foam cells in the 

tunica intima of the thoracic aorta are shown in Figure 2. 

A high-fat, high-fructose (HFHF) diet consisting of duck egg yolk, lard, and 30% fructose 

was administered. Previous research demonstrates that these diets increase LDL-cholesterol, 

total cholesterol, and triglycerides, while reducing HDL-cholesterol (Harsa, 2014). This high-

fat diet contains many saturated fats, which can increase LDL cholesterol levels and lead to the 

formation of foam cells in the aorta (Han et al., 2015). The high-fructose diet further exacerbates 

these effects by promoting de novo lipogenesis and impairing glucose metabolism. The diet can 

lead to oxidative stress, insulin resistance, and endothelial dysfunction, ultimately contributing 

to the development of atherosclerosis (Febrianingsih, 2019; Malik & Hu, 2015; Susanti et al., 
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2019). Flaxseed (Linum usitatissimum) is a good source of lignans, omega-3 fatty acids, 

flavonoids, and fiber. It has been shown to work to lower LDL cholesterol levels. Omega-3 

fatty acids, especially alpha-linolenic acid (ALA), help cholesterol get to the liver, increase the 

number of LDL receptors in the liver, and change how the body uses HDL. Alpha-linolenic 

acid (ALA), an omega-3 polyunsaturated fatty acid (PUFA), reduces foam cell formation by 

inhibiting the expression of CD36 and ACAT1 while facilitating cholesterol efflux through the 

PPARγ/LXRα/ABCA1 pathway (Moss et al., 2016; Pizzini et al., 2017; Poznyak et al., 2021). 

Lignans also act as antioxidants by preventing the oxidation and absorption of LDL. Flavonoids 

and isoflavones also help lower cholesterol by inhibiting the body's production of cholesterol 

and increasing the availability of LDL receptors. Flaxseed contains phenolic compounds that 

work as antioxidants by neutralizing ROS and making the endothelium work better by making 

nitric oxide (NO). Lignans and flavonoids alter the oxidative stress pathway and reduce the 

number of foam cells by decreasing oxidized LDL and inhibiting the secretion of adhesion 

molecules. Fiber in flaxseed also helps reduce cholesterol and prevents the body from producing 

more cholesterol.  

Table 2. Post hoc test results for total cholesterol and LDL cholesterol levels among control 
and treatment groups after 35 days of flaxseed ethanol extract administration in rats fed a HFHF 
diet. Description: p value = significance; * = significant value; N = normal control group; K = 
negative control group; P1 = 200 mg/kg BW/day; P2 = 400 mg/kg BW/day; P3 = 800 mg/kg 
BW/day. 

Variable Group p 

Total Cholesterol 

  N vs K 0.007* 
N vs P1 0.92 
N vs P2 1.00 
N vs P3 0.923 
K vs P1 0.086 
K vs P2 0.016* 
K vs P3 0.084 
P1 vs P2 0.95 
P1 vs P3 0.99 
P2 vs P3 0.99 

LDL 

                 N vs K 0.005* 
N vs P1 0.71 
N vs P2 0.99 
N vs P3 0.91 
K vs P1 0.14 
K vs P2 0.035* 
K vs P3 0.069 
P1 vs P2 0.95 
P1 vs P3 0.99 
P2 vs P3 0.99 

Phytochemicals in flaxseed ethanol extract were analyzed by spectrophotometry and gas 

chromatography (Fadli et al., 2024). The phytochemical analysis revealed that the extract 
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contained elevated concentrations of total phenols (4.57%) and flavonoids (0.36%). Previous 

studies found a high amount of omega-3, but this extract contained more omega-6 (linoleic acid, 

27.53%) and less omega-3, as will be explained later. The low omega-3 concentration may be 

due to its susceptibility to oxidation, as it contains multiple double bonds. It can also be affected 

by the extraction method and the maturity of the seeds (Kauser et al., 2024; Mercola & 

D’Adamo, 2023). Omega-6 fatty acids in moderate amounts promote cholesterol metabolism 

by enhancing LDL receptor activity and affecting CYP7A1 activity through LXRα activation 

(Djuricic & Calder, 2021). Although omega-6 can reduce foam cells by downregulating ox-

LDL uptake and cholesterol accumulation, excessive intake may induce pro-inflammatory 

effects and increase cardiovascular risk (Bruen et al., 2017). 

Table 3. Descriptive and comparative analysis of HDL levels and foam cell counts in control 
and treatment groups following 35 days of flaxseed ethanol extract administration in rats fed a 
HFHF diet. Description: n = sample size; SD = standard deviation; p value = significance; N = 
normal control group; K = negative control group; P1 = 200 mg/kg BW/day; P2 = 400 mg/kg 
BW/day; P3 = 800 mg/kg BW/day. 

Variable Group n Median Minimal Maximal p 

HDL 
(mg/dL) 

N 5 109.063  81.25 124.06 

0.006* 
K 5 91.250 88.13 105.00 
P1 3 80.938 75.56 82.19 
P2 3 95.938 85.63 99.38 
P3 3 112.813 81.56 133.75 

Aortic Foam Cell 
(cell/HPF) 

N 5 0.000  0.00 2.00 

0.15 
K 5 1.000  0.00 3.00 
P1 3 0.000  0.00 1.00 
P2 3 0.000  0.00 0.00 
P3 3 0.000  0.00 0.00 

Our research showed that flaxseed ethanol extract significantly lowered LDL cholesterol 

levels (p = 0.035), especially at a dose of 400 mg/kg BW/day (P2) compared to the negative 

control (K) after 35 days. The phenolic compounds (lignans and flavonoids) and omega-6 in 

flaxseed extract prevented the elevation of LDL cholesterol levels. However, there were no 

significant differences between the negative control group (K) and the treatment groups (P1 

and P3) because the dose in P1 was too low (200 mg/kg BW/day) and the dose in P3 was too 

high (800 mg/kg BW/day). This result aligns with that of Yang et al. (2021), who found that 

excessive flaxseed supplementation does not enhance its lipid-lowering effect (Yang et al., 

2021). Group P2 had the lowest levels of LDL cholesterol among the treatment groups, but the 

differences were not statistically significant. This result suggests that increasing flaxseed extract 

does not offer additional benefit in lowering LDL cholesterol. The extract’s higher omega-6 

and lower omega-3 content may have reduced its effectiveness in lowering LDL (Yang et al., 

2021). The LDL cholesterol levels in the negative control group (K) were still significantly 

higher (p = 0.005) than in the normal control group (N), indicating an adverse effect of 

consuming a diet high in fat and sugar. Moreover, the persistence of higher LDL cholesterol 
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levels in the treatment groups compared to the normal control group (N) suggests that doses of 

200, 400, and 800 mg/kg body weight per day were insufficient to reduce LDL levels 

effectively. This outcome may be related to variations in bioactive compound content 

(influenced by extraction method, flaxseed variety, and seed maturity), individual variability in 

lipid metabolism, or the relatively short duration of treatment.  

The negative control and treatment groups of rats were fed a high-fat diet in addition to a 

standard diet (type 594) containing at least 3% fat. This diet had 300 g of lard (43.95% saturated 

fat) and 200 g of duck egg yolks (31.85% saturated fat) (Polat et al., 2013; Xu et al., 2016). 

Similar formulations in previous studies have led to substantial elevations in total cholesterol, 

LDL cholesterol, and triglycerides, accompanied by diminished HDL cholesterol levels (Juslim 

& Herawati, 2018; Harsa, 2014). Saturated fatty acids stimulate hepatic triglyceride synthesis, 

which in turn increases LDL and VLDL levels, thereby contributing to the development of 

atherosclerosis (Chan et al., 2015). The high-fructose diet (30% fructose in drinking water) 

increased small dense LDL (sdLDL) levels even further in three weeks, which contributed to 

atherosclerosis (Sanches et al., 2015). Fructose disrupts glucose and lipid metabolism, promotes 

visceral fat accumulation, and induces insulin resistance, leading to increased hepatic 

triglycerides and an increased risk of cardiovascular disease (Malik & Hu, 2015; Sanches et al., 

2015). 

Table 4. Quantitative analysis of the phytochemical composition of flaxseed ethanol extract, 
measured by spectrophotometry and gas chromatography. Description: % (w/w) = percent 
weight by weight. 

Type Parameter Result Unit 

Phenolic content 
Total Phenol 4.57 % (w/w) 
Total Flavonoid 0.36 % (w/w) 

Methyl arachidate 25.99 %Relative 

Saturated fat 

Methyl heneicosanoate 29.68 %Relative 
Methyl tricosanoate 0.16 %Relative 
Methyl lignocerate 0.15 %Relative 
Methyl palmitoleate 12.25 %Relative 

Unsaturated fat 
Methyl cis-9-oleate 4.08 %Relative 
Methyl linolelaidate 27.53 %Relative 

Methyl cis-11-eicosenoate 0.16 %Relative 

Descriptive analysis revealed variations in median foam cell counts among groups, 

although the comparative test showed no statistically significant differences (p = 0.26). The 

negative control group (K) had the highest foam cell count in the aorta (seven cells/HPF; 

median=1), followed by the normal control group (N), with two cells/HPF; median=0), and the 

treatment group (P1) (one cell/HPF; median=0). The treatment group (P2 and P3) showed no 

foam cells (median = 0). The high-fat, high-fructose (HFHF) diet in K likely contributed to 

foam cell formation, as saturated fats and fructose promote LDL cholesterol production and 

lipogenesis by bypassing the phosphofructokinase enzyme (Indonesian Endocrinology 

Association, 2021). Foam cell formation is influenced by oxidized LDL (ox-LDL) levels, 
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triglycerides, and smaller LDL particle size (sd-LDL). Small, dense LDL is readily recognized 

by macrophage scavenger receptors, enhancing foam cell development. HDL cholesterol 

facilitates the removal of LDL, but elevated ox-LDL impairs hepatic LDL receptor activity, 

thereby contributing to the formation of foam cells.  

 

Figure 1. Histopathological features of the thoracic aorta lumen stained with Hematoxylin &   
Eosin (x40). (A) N; (B) K; (C) P1; (D) P2; (E) P3.  

Comparative tests revealed significant differences in total cholesterol (p = 0.006) but not 

in triglycerides (p = 0.16) or HDL cholesterol (p = 0.06), which may partly explain the lack of 

differences between the K and treatment groups (Wahyuni, 2015). The LDL cholesterol 

measurement method used did not specifically assess ox-LDL levels, which are more relevant 

to foam cell formation. Additionally, the 35-day duration may have been inadequate to observe 

significant differences, as prolonged exposure is recognized to intensify lipid profile 

abnormalities, oxidative stress, and foam cell formation (Febrianingsih, 2019; Bujok et al., 

2021; Malik & Hu, 2015).  

The bioactive components of the flaxseed ethanol extract (phenols, flavonoids, and 

omega-3 alpha-linolenic acid (ALA)) may have been insufficient to prevent foam cell 

formation. The lower levels of ALA compared to linoleic acid (LA) and the variability in extract 

composition due to seed variety, farming practices, and extraction methods (Kauser et al., 2024; 

Mueed et al., 2022). Groups P2 and P3 did not reveal any foam cells; however, this could be 

attributed to the rat's overall health rather than the extract itself. Physiological factors, including 

genetic predisposition, oxidative stress, and chronic inflammation induced by gavage feeding 
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and fructose water, may also contribute (Chahirou et al., 2018; Juszczyk et al., 2021). Foam 

cell findings could also be influenced by staining methods, such as Oil Red O and Sudan Black 

(Gurina & Simms, 2025).  

These findings underscore the need for more extended intervention periods and optimized 

extract formulations to elucidate better the mechanisms by which flaxseed prevents foam cell 

formation. 

 

Figure 2. Histopathological features of foam cells in the thoracic aorta tunica intima stained 
with Hematoxylin & Eosin (x400). (A) N; (B) K; (C) P1; (D) P2; (E) P3. Arrows indicate foam 
cells (foamy cytoplasm and eccentric nuclei). 

This study has several limitations. During the study, six rats (two from each treatment 

group) dropped out of the study. A statistical analysis remained feasible, as each group retained 

at least three rats, which is the minimum required for the sample size. The mortalities were 

likely associated with complications related to the oral gavage procedure, not the extract itself, 

as there were no signs of toxicity, changes in behavior, or unusual findings. However, other 

factors, including individual variability or dietary stress, cannot be completely ruled out. Oral 

gavage can cause aspiration pneumonia, perforation of the esophagus or stomach, and 

esophageal impaction. According to the Institutional Animal Care and Use Program, gavage 

was performed twice a day, with at least a four-hour break in between, to maintain stable 

cortisol levels (Institutional Animal Care and Use Program, 2023). Oral gavage method and 

fructose water may cause stress, which could lower 5-HT(1A) receptor levels and lead to 

sudden cardiac death (Chahirou et al., 2018). Flaxseed extract was not toxic, as previous studies 

had indicated adverse effects solely at significantly elevated doses (>5 g/kg body weight/day) 
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(Es-said et al., 2022). The lack of quantitative measurement of oxidized LDL (ox-LDL), a 

critical component in foam cell formation, coupled with the absence of phytochemical analysis 

of lignans and phytosterols, hinders the understanding of their roles in cholesterol metabolism. 

Subsequent research should encompass extended study durations, incorporate phytochemical 

analyses of lignans and phytosterols, and utilize comprehensive lipid profiling, particularly ox-

LDL measurements, to enhance the evaluation of flaxseed extract's influence on atherosclerosis 

progression. 

 

4. CONCLUSION 

This study found that flaxseed extract lowered LDL cholesterol levels in Wistar rats on a 

high-fat, high-fructose (HFHF) diet, particularly at a dose of 400 mg/kg body weight per day. 

This effect was caused by the bioactive compounds in flaxseed, including phenolics, flavonoids, 

and omega-6 fatty acids. However, both lower and higher doses failed to offer additional 

benefits, suggesting a dose-dependent threshold for efficacy. Although LDL cholesterol levels 

decreased, there were no significant differences in foam cell formation among the treatment 

groups; this may be attributed to the relatively short study duration and variations in the 

bioactive components of the flaxseed ethanol extract. In addition, the high-fat, high-fructose 

(HFHF) diet also significantly elevated LDL cholesterol, confirming its role in promoting 

dyslipidemia and atherosclerosis.   
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