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Background: The growing prevalence of cardiac diseases has heightened the necessity to adjust modern lifestyles to achieve a better balance and diversification of the nutrients and oil consumption in the daily diet.

Methods: This study explored the impact of various edible oils (0.4 mL/100 g B. W./day) on the biochemical cardiovascular risks in hyperlipidemic rats (olive, coconut, palm, soybean, sunflower, and flaxseed) which coded as OLO, COO, PAO, SOO, SUO, and FLO groups, respectively. The study designed for 60 days, utilized male Sprague–Dawley rats weighing 330–350 g. The rats were divided into seven sections each containing eight rats. Rats were fed a high-fat diet for 21 days to induce hyperlipidemia. Several parameters were assessed, including body weight, glucose, insulin, lipid profile, and key metabolic indicators such as oxidative stress and inflammatory markers, as well as parameters related to the heart and kidneys.

Results: The FLO and OLO groups presented a reduction in body weight of 21.70 g and 20.27 g, respectively. All cardiovascular risk markers and lipid profile values were improved by FLO consumption, except triglycerides (TG) (97.11 mg/dL) and low-density lipoprotein cholesterol (LDL-c) (55.12 mg/dL), which were improved by OLO consumption. FLO and OLO groups also have positive effects on glucose and insulin resistance levels (IRL) and inflammatory cytokines. Rats in the PAO group reported the highest value of IRL, at 23.28 μU/mL, compared to the COL group, at 8.87 μU/mL. SUO group detected a lower value of TNF-α to the COL group at 37.42 pg./mL and 37.55 pg./mL, respectively. The heart cardiac hypertrophy (CH) index of 0.40 mg/dL was found to be the same for the COO, SOO, SUO, and FLO groups.

Conclusion: According to the results, extra experimental work is needed on PAO to find out the relationship between cardiovascular disease risk in the long run compared with the other edible oils. Administration of OLO, FLO, and SUO demonstrated protective activity against these factors.
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Introduction

Recent studies on humans and animals have demonstrated that malnutrition may have significant impacts on subsequent anatomical, biochemical, physiological, and behavioral processes (Kharazmi-Khorassani et al., 2021). Low protein and high-fat malnutrition have major impacts on fat metabolism and contributing factors to obesity. Excess body fat is the property of obesity, which is different from insulin resistance (dos Santos et al., 2024). It might not be considered an imminent threat as long as the fat is transported by the lipoproteins and stored in healthy fat cells that react to insulin. Insulin resistance occurs when cells do not react well to circulating insulin (Chen et al., 2023). Reduced insulin sensitivity, poor glucose absorption, hyperglycemia, and type 2 diabetes are all largely caused by changes in lipid homeostasis in living and insulin-sensitive tissues. Dietary changes may be able to lessen or even reverse these changes (Campos et al., 2023). Numerous facets of fatty acid metabolism can be significantly impacted by energy intake and dietary combinations, including dietary fats, carbohydrates, and fibers (Shetty and Kumari, 2021).

A broad variety of packaged foods and pastries, frequently rich in calories, are now widely available at reasonable prices because of the food industry’s progressive globalization (Lopes et al., 2024). Saturated fatty acids (SFA) and hydrogenated or trans fatty acids (TFA) are abundant in the majority of these foods. They are regarded as significant contributors to non-communicable diseases, which the WHO states primarily come through improper eating habits and behaviors, particularly when consistently taken as part of an insufficient diet (Bangulzai et al., 2022). It is recommended to consume more monounsaturated FA (MUFAs), polyunsaturated FA (PUFAs), and particularly omega-3 (Ω-3) PUFAs, while reducing consumption of SFA, and restricted to moderate consumption of animal proteins and simple carbs (Ündağ and Dönmez, 2023; Al-Hoshani et al., 2023; Grover et al., 2021).

Dietary improvements are only achievable through the use of vegetable oils with balanced and beneficial FA profiles (Al-Hoshani et al., 2023). The immune cell populations in adipose tissue undergo dynamic changes as obesity worsens (Çalışkan and Emin, 2023). Low-grade inflammation progresses as a result of this shift from an anti-inflammatory state to pro-inflammatory settings (Salman and Imran, 2022). It is important since all nutrients in the diet have a natural capacity to promote inflammation as they can cause molecular interactions that intensify inflammation when they are converted to energy or metabolized into other biological components (Kaseke et al., 2021). Globally, some of the main causes of morbidity and mortality are cardiovascular illnesses, hepatic disorders, and kidney failure. Furthermore, the growing number of illnesses has brought attention to the topic of nutrition and prompted food specialists to develop natural preventative solutions (Rabail et al., 2021).

The fact that edible oils play an essential part in everyday meals and have a substantial impact on general well-being, it is imperative to inquire into their effects on health. Different oils have different amounts of saturated, unsaturated, and trans fats, which can have an impact on heart health, cholesterol, and the risk of developing chronic illnesses. Establishing rational dietary decisions, maintaining heart health, controlling weight, and avoiding lifestyle-related diseases are all significantly easier with an understanding of their nutritional profiles (Pandey et al., 2023). Rats with hyperlipidemia are frequently employed as experimental models to assess how dietary elements, including edible oils, affect cardiovascular health and lipid metabolism and how various dietary interventions affect oxidative stress indicators, liver function, and plasma lipid profile. Researching the effect of edible oils in hyperlipidemic rats offers important information about their possible benefits or disadvantages, which can guide dietary guidelines and the creation of functional foods.

The current study aimed to investigate how biochemical cardiovascular risks measured by body weight, glucose, insulin, lipid profile, and important metabolic indicators such as oxidative stress, inflammatory markers, heart and kidney-related parameters are affected by various consumption of edible oils in hyperlipidemic rats.



Materials and methods


Animals and edible oils

In order to investigate the possible advantages of edible vegetable oils for the biochemical cardiovascular risks in the diet, 60-day efficacy research known as the “treatment trial” was conducted on rats. For this experiment, 56 mature male Sprague–Dawley rats weighing between 330 g and 350 g were selected from the Animal Holding Unit of Biological Science in Jeddah, Saudi Arabia. Rats were housed under regular settings, one-square-foot metallic wire cages with adequate ventilation, a temperature range of 27°C to 30°C, and 12 h of darkness and night cycle were employed. Throughout the trial, the animals were given full access to tap water and the basic chow diet that included all of the food components. Eight rats in one group were appropriately housed in a single cage with a label. Food detritus, feces, and urine were cleared every day to avoid contaminating the food and water. Rats were acclimated for 2 weeks before the trial began by feeding them the typical basic chow diet. They were fed a high-fat diet for 21 days to induce hyperlipidemia. Rats fed a diet high in fats frequently showed several physical symptoms that signal the start of hyperlipidemia. Increased fat deposition usually results in weight gain. Furthermore, fatty liver alterations or hepatomegaly may be indicated by the liver appearing bigger, pale, and greasy. In terms of behavior, afflicted rats may exhibit decreased activity or lethargy, which is indicative of metabolic stress. Changes in fur quality, such as greasiness, dullness, or an untidy appearance, can also occasionally be observed (Rabail et al., 2024). Olive, coconut, palm, soybean, sunflower, and flaxseed oils were purchased from a local market, in Taif City, KSA.



Experimental design

Seven distinct experimental groups were randomly selected among the rats: The first control group (COL) departed without receiving any special care. Approximately (0.4 mL/100 g B. W./day) olive, coconut, palm, soybean, sunflower, and flaxseed oils were administered to rat groups and coded as OLO, COO, PAO, SOO, SUO, and FLO groups, respectively (Lashin et al., 2020). For 60 days, the therapies were administered orally via gastric gavage to compare the improvements in hyperlipidemic biomarkers achieved by different oil groups. On the 61st day, the rats were applied in an anesthesia-producing chamber and given chloral hydrate (250 mg/kg B. W. pentobarbital) to render them unconscious following a complete fast for 12 h (Tai et al., 2010). As soon as the rats seemed to be unconscious, their hearts were punctured to draw blood from the abdominal aorta and centrifuged right away at 4,000 rpm for 10 min at 4°C in tubes containing heparin to produce plasma. They were stored at −80°C until routine chemical examination analysis after being aliquoted in Eppendorf tubes. For the biochemical studies, the resultant plasma (supernatant) was stored at −20°C after careful decantation. After the blood was extracted, the tubes containing the blood samples were allowed to coagulate at room temperature. The rats were slaughtered and their important organs such as kidneys and hearts were removed. The weight of the organs was determined in a Shimadzu AX 200 analytical scale to be expressed as (g/100 g). Organs were carefully rinsed twice with ice-cold phosphate-buffered saline (PBS pH 7.4) before being drained with filter paper. Tissue samples were homogenized in ice-cold PBS using a mechanical homogenizer to maintain enzyme activity and prevent protein denaturation. After centrifuging the homogenates for 15 min at 4°C at 10,000 rpm, the supernatants were gathered for additional biochemical analyses, such as assessments of enzyme and lipid activity. The homogenates were kept at −20°C. Figure 1 presents the experimental design to maintain their integrity until they were used again.
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FIGURE 1
 The summary of the experimental design.




Body weight

Using a laboratory scale in grams (WT2003CH, China), the rats’ body weight as one of the primary sensitive indicators of hyperlipidemia, was consistently measured gravimetrically at the light cycle for each rat during the experimental period (60 days) at the initial and final periods throughout the trial. Body weights during the experiment were calculated based on the measurements (Sokoła-Wysoczańska et al., 2024).



Plasma lipid profile

Standard techniques were applied based on the manufacturer’s specifications of the commercial enzymatic kits for the lipid profile which were purchased from (Zhongsheng B. B. Co., China) to assess the levels calorimetrically of plasma using a blood chemistry analyzer (910, Munich, Germany). Approximately 0.5 mL of each sample were centrifuged for 15 min at 4°C at 3,500 rpm to detect the total cholesterol (CHOL), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), and triglycerides (TG). The lipid profile results were used to calculate the cardiovascular risk indicators such as atherogenic index (AI), coronary risk index (CoRI), and cardiovascular risk index (CaRI) according to the formulas and expressed as mg/dL; (LDL-c/HDL-c), (CHOL/HDL-c), and (TG/HDL-c), respectively (Sa’adah et al., 2017). Each analysis was carried out in triplicate to ensure the precision and correctness of the results.



Glucose and insulin resistance levels

Rats were fasted for 6 h from 8:00 am to 2:00 pm. Blood was then drawn from the saphenous vein. Basal conditions were used to obtain fasting blood samples (0.25 mL) for each group, which were centrifuged for 15 min at 4°C at 3,500 rpm. Fasting plasma glucose level (FGL) was measured by a glucometer (Bionime®, Switzerland). In order to determine the insulin resistance level (IRL), an enzyme-linked immunosorbent assay kit (ELISA) (Sigma, MO, United States) was used. The homeostasis model assessment of insulin resistance index (HOMA-IR), which was computed as the product of the fasting blood glucose (mg/dL) and the insulin levels (μU/mL) divided by 2,430, was used to assess HOMA-IR level (Keita et al., 2013).



Inflammatory markers

The commercially available rat tumor necrosis factor-α (TNF-α), interleukin 6 (IL-6), and C-reactive protein (CRP) were detected by the manufacturer’s instructions of the enzyme-linked immunosorbent assay (ELISA) kits (Thermo F. S., MA, United States). Every step and circumstance complied with the guidelines provided by these products. The amount of TNF-α contained in the sample divided by the sample’s protein concentration was used to compute the TNF-α concentration; results are given in pg./mg (Baakdah et al., 2023). The cytokine-specific capture antibody was applied to the bottom of the 96-well plate. The specific conjugated detection antibodies were used to wash, dilute, and detect the plates. As directed by the manufacturer, cytokines were measured at 450 nm (Al-Eisa et al., 2023).



Heart-related parameters

The heart cardiac hypertrophy (CH) index was evaluated after being cleaned with saline and weighed (Shahidi et al., 2024). Coronary health index (CHI) presented the ratio of heart weight to body weight (g/g) × 100 (Equation 1).


CHI

(
g
/
100

g
)
=
(
Heart Weight

(
g
)
/
Body Weight

(
g
)
)
×
100
      (1)

Heart Rate (BPM), which is equal to (the number of beats measured in seconds) times 60, (beats/min) was calculated manually (Wojciechowski et al., 2010).



Kidney-related parameters

Based on the conversion of the hydrolysis of the urease enzyme into ammonia and carbon dioxide, the urea content was evaluated colorimetrically at a wavelength of 546 nm by a commercial kit from Diamond, Egypt. Based on the interaction of creatinine and picric acid with an alkaline solution, the concentration of creatinine was measured colorimetrically at 492 nm by a commercial kit from Biomed Diagnostics, Egypt (Baazeem et al., 2024). Results were represented as (mg/dL) (Bazzano et al., 2015).



Statistical analysis

The mean and its standard errors were used to express all the results. For every continuous variable that was measured (such as organ weights, inflammatory markers, and biochemical markers), the means of all experimental groups were compared using the one-way ANOVA. For these characteristics, each treatment group was specifically compared to the control group using Dunnett’s t-test after a significant ANOVA result, statistically significant effects were then examined further. The statistical significance was set at p < 0.05. Version 3.0 of the GraphPad software was used for the statistical analyses.




Results


Effects of edible oils on body weight

Rat models can be used in experiments to create obesity as they gain weight rapidly after feeding with high-fat meals. Neither of the experimental groups experienced any negative effects or deaths during the investigation. All treatment groups continued to consume the same amount of food. Within each group, the effect of feeding various edible oils on changes in body weight grew progressively each week. Table 1 presents the changes in body weights throughout the treatment trial among rat groups. The initial weight ranged from 337.91 g to 346.65 g. The COO group reported a maximum weight of 360.22 g followed by SOO, PAO, and SUO groups 356.85 g, 350.77 g, and 349.78 g, respectively. On the other hand, the FLO and OLO groups presented a reduction in body weight of 21.70 g and 20.27 g, respectively.


TABLE 1 Effects of edible oils on body weight.


	Groups
	Initial weight (g)
	Final weight (g)
	Weight gain (g)

 

 	COL group 	337.91 ± 9.68f 	352.55 ± 11.29c 	14.64 ± 1.61c


 	OLO group 	341.84 ± 9.73c 	320.14 ± 10.15f 	−21.7 ± 0.42a


 	COO group 	346.74 ± 9.53a 	360.22 ± 10.57a 	13.48 ± 1.04d


 	PAO group 	340.22 ± 9.68d 	350.77 ± 11.35d 	11.05 ± 0.93e


 	SOO group 	342.61 ± 9.73b 	356.85 ± 10.11b 	14.24 ± 0.38c


 	SUO group 	346.65 ± 9.84a 	349.78 ± 10.13e 	3.13 ± 0.29f


 	FLO group 	339.29 ± 9.18e 	319.02 ± 10.91g 	−20.27 ± 1.73b





Different letters mean significant differences among rat groups.
 



Effects of edible oils on lipid profile and cardiovascular risk indicators

The biochemical assay results are shown in Figures 2, 3. Data indicated that the lipid profile has changed in comparison to the COL group values. Total CHOL, LDL-c, HDL-c, TG, and cardiovascular risk indicators in plasma after 60 days after the consumption of various edible oils fluctuated throughout the experimental groups. The study’s overall lipid profile results fall within the normal ranges (Rabail et al., 2024). The consumption of flaxseed, sunflower, and olive oils in FLO, SUO, and OLO groups reduced the total CHOL values to reach 125.56 mg/dL, 128.47 mg/dL, and 144.87 mg/dL. On the other hand rats in the SOO group reported the highest value of total CHOL 209.12 mg/dL compared to the COL group 177.24 mg/dL.
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FIGURE 2
 Effects of edible oils on lipid profile; total cholesterol (CHOL), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), and triglycerides (TG). Different letters mean significant differences among rat groups.


[image: Bar chart comparing Atherogenic Index, Coronary Risk Index, and Cardiovascular Risk Index across six groups: COL, OLO, COO, PAO, SOO, SUO, and FLO. Each group shows varying heights for green, red, and blue bars representing the indices, with significant differences denoted by letters a to g above the bars.]

FIGURE 3
 Effects of edible oils on cardiovascular risk indicators; atherogenic index (AI), coronary risk index (CoRI), and cardiovascular risk index (CaRI). Different letters mean significant differences among rat groups.


On the other hand, rats in the SOO group reported the highest value of total LDL-c, at 126.58 mg/dL, compared to the COL group, at 72.58 mg/dL. The consumption of soybean and palm oils in SOO and PAO groups reduced the total HDL-c values to 38.15 mg/dL and 40.02 mg/dL. Rats in the FLO group reported the highest value of total HDL-c, at 88.06 mg/dL, compared to the COL group, at 56.25 mg/dL. Rats in the SOO group reported the highest value of total TG, at 187.41 mg/dL, compared to the COL group, at 111.72 mg/dL.

The atherogenic index reported the highest value for the SOO group at 3.32 mg/dL, while the OLO group was 0.74 mg/dL compared to the COL group at 1.29 mg/dL. The coronary risk index reported the highest value for the SOO group at 5.48 mg/dL, while the FLO group at 1.43 mg/dL compared to the COL group at 3.15 mg/dL. The cardiovascular risk index reported the highest value for the SOO group at 4.91 mg/dL, while the FLO group at 1.14 mg/dL compared to the COL group at 1.99 mg/dL.



Effects of edible oils on glucose and insulin resistance levels

The results of the changes in glucose and insulin resistance are shown in Table 2. Data indicated that the consumption of edible oils has changed in comparison to the COL group values throughout the experimental groups. The consumption of olive and flaxseed oils in OLO and FLO groups reduced the FGL to reach 85.69 mg/dL and 87.09 mg/dL. SUO group detected lower value to the COL group at 95.87 mg/dL and 96.22 mg/dL, respectively. On the other hand, rats in the PAO group reported the highest value of FGL 136.48 mg/dL.


TABLE 2 Effects of edible oils on glucose and insulin resistance levels.


	Groups
	Fasting glucose level (mg/dL)
	Insulin resistance level (μU/mL)
	HOMA-IR

 

 	COL group 	96.22 ± 5.09d 	8.87 ± 1.75c 	3.55 ± 1.12d


 	OLO group 	85.69 ± 5.46g 	6.55 ± 1.34e 	2.94 ± 0.82e


 	COO group 	122.54 ± 6.29b 	17.12 ± 1.78b 	5.21 ± 1.06c


 	PAO group 	136.48 ± 5.37a 	23.28 ± 1.11a 	7.85 ± 1.61a


 	SOO group 	106.58 ± 5.43c 	17.28 ± 1.09b 	4.08 ± 0.97b


 	SUO group 	95.87 ± 5.73e 	7.45 ± 1.14d 	2.88 ± 0.75f


 	FLO group 	87.09 ± 5.97f 	5.96 ± 1.07f 	2.27 ± 0.72g





Different letters mean significant differences among rat groups. The homeostasis model assessment of insulin resistance index (HOMA-IR).
 

The consumption of flaxseed and olive oils in FLO and OLO groups reduced the IRL to reach 5.96 μU/mL and 6.55 μU/mL. The COO group detected lower value to the SOO group at 17.12 μU/mL and 17.28 μU/mL, respectively. On the other hand, rats in the PAO group reported the highest value of IRL 23.28 μU/mL compared to the COL group 8.87 μU/mL. The consumption of flaxseed oil in the FLO group reduced the HOMA-IR to reach 2.27. SUO group detected lower value to the OLO group at 2.88 and 2.94, respectively. On the other hand, rats in the PAO group reported the highest value of HOMA-IR 7.85 compared to the COL group 3.55.



Effects of edible oils on inflammatory cytokines

The ELISA results of inflammatory cytokines TNF-α, IL-6, and CRP are shown in Table 3. The consumption of flaxseed and olive oils in FLO and OLO groups reduced the TNF-α immune response to reach 26.96 pg./mL and 28.05 pg./mL. SUO group detected lower value to the COL group at 37.42 pg./mL and 37.55 pg./mL, respectively. On the other hand, rats in the PAO group reported the highest value of TNF-α immune response 79.11 pg./mL.


TABLE 3 Effects of edible oils on inflammatory cytokines.


	Groups
	TNF-α (pg/mL)
	IL-6 (pg/mL)
	CRP (mg/dL)

 

 	COL group 	37.55 ± 2.88d 	58.41 ± 2.65d 	0.85 ± 0.14d


 	OLO group 	28.05 ± 2.84e 	87.04 ± 2.72b 	0.78 ± 0.16e


 	COO group 	66.22 ± 2.57b 	96.88 ± 3.77a 	2.11 ± 0.26b


 	PAO group 	79.11 ± 2.79a 	72.58 ± 2.46c 	3.45 ± 0.22a


 	SOO group 	54.98 ± 2.44c 	44.65 ± 2.34f 	1.17 ± 0.11c


 	SUO group 	37.42 ± 2.9d 	42.69 ± 2.51g 	0.75 ± 0.12f


 	FLO group 	26.96 ± 3.85f 	49.11 ± 2.09e 	0.68 ± 0.16g





Different letters mean significant differences among rat groups. Tumor necrosis factor-α (TNF-α), interleukin 6 (IL-6), and C-reactive protein (CRP).
 

On the other hand, rats in the COO group reported the highest production of the pro-inflammatory (IL-6) cytokine value 96.88 pg./mL compared to the COL group 58.41 pg./mL. The consumption of flaxseed oil in the FLO group reduced the production of the pro-inflammatory CRP cytokine to reach 0.68 mg/dL. SUO group detected lower value to the OLO group at 0.75 mg/dL and 0.78 mg/dL, respectively. On the other hand, rats in the PAO group reported the highest production of the pro-inflammatory CRP cytokine value at 3.45 mg/dL compared to the COL group at 0.85 mg/dL.



Effects of edible oils on heart-related parameters

The consumption of flaxseed oil in the FLO group detected higher value of heart weight to the COL group at 1.28 g and 1.24 g, respectively. On the other hand, rats in the PAO group reported the highest heart weight 1.52 g compared to the other edible oils (Table 4). The consumption of coconut, soybean, sunflower, and flaxseed oils in COO, SOO, SUO, and FLO groups detected the same values of CH index 0.40 g. On the other hand, rats in the PAO group reported the highest value of CH index 0.43 g compared to the COL group 0.43 g. The consumption of flaxseed oil in the FLO group detected lower value of heart rate to the COL group at 342.83 BPM and 344.21 BPM, respectively. The consumption of coconut and sunflower oils in COO and SUO groups detected the highest and same values of heart rate 369 BPM.


TABLE 4 Effects of edible oils on heart-related parameters.


	Groups
	Heart weight (g)
	Heart cardiac hypertrophy index (g)
	Heart weight (g)

 

 	COL group 	1.24 ± 0.13g 	0.35 ± 0.05d 	344.21 ± 13.09e


 	OLO group 	1.35 ± 0.14e 	0.42 ± 0.04b 	354.87 ± 12.14c


 	COO group 	1.45 ± 0.18b 	0.40 ± 0.05c 	369.17 ± 15.96a


 	PAO group 	1.52 ± 0.12a 	0.43 ± 0.07a 	358.98 ± 16.61b


 	SOO group 	1.43 ± 0.15c 	0.40 ± 0.06c 	351.74 ± 12.09d


 	SUO group 	1.39 ± 0.12d 	0.40 ± 0.05c 	369.30 ± 17.07a


 	FLO group 	1.28 ± 0.14f 	0.40 ± 0.06c 	342.83 ± 13.19f





Different letters mean significant differences among rat groups.
 



Effects of edible oils on kidney-related parameters

Following the 60-day observation period, the urea and creatinine levels were assessed in experimental obese rats that had been administered various edible oils. Both biomarkers have risen compared to the COL group (Table 5). The consumption of flaxseed oil in the FLO group detected the lowest value of kidney weight compared to the COL group at 1.52 g and 1.66 g, respectively. On the other hand, rats in the PAO group reported the highest kidney weight 1.98 g compared to the other edible oils. Kidney weights in the COO and SOO groups were a little high 1.82 g and 1.83 g, followed by SUO and OLO groups 1.72 g and 1.78 g, respectively. The consumption of edible oils increased the creatinine levels from 0.85 mg/dL in the COL group to 1.31 mg/dL in the PAO group. The consumption of flaxseed oil in the FLO group detected a little high value of creatinine 0.97 mg/dL. Creatinine levels in SUO and OLO groups were at 1.07 mg/dL and 1.09 mg/dL, respectively. The consumption of edible oils increased the urea levels from 36.02 mg/dL in the COL group to 50.11 mg/dL in the PAO group. The consumption of flaxseed oil in the FLO group detected a little high value of urea 38.05 mg/dL. Urea levels in OLO and SUO groups were 40.08 mg/dL and 41.12 mg/dL, respectively.


TABLE 5 Effects of edible oils on kidney-related parameters.


	Groups
	Kidney weight (g)
	Creatinine (mg/dL)
	Urea (mg/dL)

 

 	COL group 	1.66 ± 0.19f 	0.85 ± 0.15g 	36.02 ± 1.71g


 	OLO group 	1.78 ± 0.17d 	1.09 ± 0.11d 	40.08 ± 1.83e


 	COO group 	1.82 ± 0.15c 	1.20 ± 0.19b 	46.52 ± 1.27c


 	PAO group 	1.98 ± 0.16a 	1.31 ± 0.14a 	50.11 ± 2.56a


 	SOO group 	1.83 ± 0.13b 	1.12 ± 0.13c 	48.60 ± 1.82b


 	SUO group 	1.72 ± 0.11e 	1.07 ± 0.15e 	41.12 ± 2.67d


 	FLO group 	1.52 ± 0.13g 	0.97 ± 0.13f 	38.05 ± 1.84f





Different letters mean significant differences among rat groups.
 




Discussion

It is increasingly recognized that chronic over nutrition, such as consuming a high-fatty diet (HFD), contributes to pro-inflammatory diseases like type 2 diabetes and some types of cancer. However not all lipids cause metabolic inflammation; for instance, SFAs are linked to this condition. On the other hand, MUFAs and PUFAs, which are UFAs have been shown to reduce metabolic inflammation and preserve energy balance (Keita et al., 2013).

The reduction in body weight for olive and flaxseed oils groups can be due to the presence of higher lipoprotein lipase (LPL) activities compared to the other edible oils (Li et al., 2014). Coconut and corn oils include short-chain FA and MUFAs, which have a detrimental effect on lipid absorption and the activation of oxidative energy production (Abudigin et al., 2024). In contrast to our findings, some researchers suggest that olive oil has an anti-obesogenic impact (Keita et al., 2013), another study reported that longer-term studies show that prolonged olive oil consumption causes weight gain (Buettner et al., 2006). The dietary treatment (4–12 weeks) or the amount of olive oil given may related to some of this disparity (Alsaif and Duwaihy, 2004). The amount, and duration of dietary therapy of fat intake all influence obesity. Following the Mediterranean diet has been linked to a decreased risk of cardiovascular disease. High intakes of fruits, vegetables, grains, fish, and olive oil define this diet. The low energy density and high fiber content, which encourage satiety, may account for the decreased body weight, belly fat deposition, and fasting blood glucose levels associated with this diet (Di Daniele et al., 2013). According to Patel et al. (2022), diets high in SFA typically encourage more weight gain than diets high in unsaturated fatty acids (UFA). Our results, however, were consistent with those of Shiraev et al. (2009), who showed that if caloric intake is maintained, differences in dietary fat sources may not have a significant effect on body weight. The theory is that olive and flaxseed oils can aid in preventing obesity in hyperlipidemic rats by providing them with balanced fatty acid profiles and cardioprotective dietary parameters according to the results of obesity indicators. Similar findings have been reported that palm oil may marginally raise CHOL levels (Edem, 2002; Ullah et al., 2021).

Coconut, palm, and soybean oils, which have plenty amounts of SFA, raised the total TG and CHOL levels, while the consumption of olive and flaxseed oils correlated with the lower level of TG and CHOL in the blood (Abudigin et al., 2024). The expected effects of oral consumption of those edible oils in rats may be due to the high levels of linoleic acid with low levels of oleic acid, and alpha-linolenic acid. Elevated consumption of linoleic acid raises the amount of linoleic acid in HDL, increasing their vulnerability to oxidation, and raising the risk of CVD (Lashin et al., 2020).

Olive and flaxseed oils showed the greatest reductions for AI, CoRI, and CaRI among cardiovascular risk markers. Its balanced quantities of SFAs, MUFAs, PUFAs, and Ω-3 FA are considered as the reason for these greatest reductions, which are true indicators of the heart-protective capability, where lower values denote better heart health. Those values were in agreement with Abdelfattah et al. (2024) who studied the cardiovascular risk indicators on Sprague–Dawley rats given a fatty diet. The cardioprotective properties of olive, flaxseed, and sunflower oils are attributed to their high content of phenolic compounds as tocopherols, and UFAs, particularly oleic acid, while other edible oils contain lower values of MUFAs and PUFAs with higher values of UFA. The idea that oleic acid lowers the risk of CVD is supported by the Food and Drug Administration (Keita et al., 2013). It may be a product that is good for vascular health because oils have up to 60% oleic acid. High quantities of oleic acid was thus considered to lower the risk of CVD (Lashin et al., 2020). The consumption of lauric, myristic, and palmitic acids can increase LDL-c, while stearic acids have no effect on LDL-c, and substituting PUFAs for SFAs may reduce the concentration of LDL-c as well as the ratio of total CHOL to HDL-c (Morsi et al., 2014). These results highlighted the significance of edible oil choices in preventing cardiovascular disease.

Obesity is thought to be primarily caused by a high intake of energy-dense vegetable fat and a lack of physical activity. High-fat diets have been linked in numerous studies to the emergence of diabetes in genetically predisposed people and groups as well as to the higher incidence of insulin resistance. The primary characteristic of diabetes is hyperglycemia, or persistently elevated blood glucose levels (Abdelazez et al., 2018). Changes in lipid homeostasis in living and insulin-sensitive tissues are a major cause of reduced insulin sensitivity, poor glucose absorption, hyperglycemia, and type 2 diabetes (Abudigin et al., 2024).

Excessive consumption of dietary fatty acids stimulates the lipogenesis signaling proteins by reducing glucose homeostasis, which is involved in TG production and IRL. Nuclear receptors are transcription factors that are activated by ligands, that control glucose metabolism and lipid homeostasis, particularly peroxisome proliferator-activated receptors (Abudigin et al., 2024).

The results were corroborated by the decreased weight gain and increased insulin levels in flaxseed and olive oils. Diets rich in saturated fats, such as those in coconut, palm, soybean, and sunflower, block the insulin response to LPL activity in adipose tissue. This disruption leaded to the increased obesity, which in turn induces insulin resistance and obesity due to the faster rate of TG construction (Memetimin et al., 2022). Furthermore, the consumption of flaxseed and olive oils successfully reduced the inflammatory cytokines that cause atherosclerosis and IRL linked to obesity caused by HFD. In this regard, the current dietary guidelines for preventing type 2 diabetes, addressing oxidative stress, and metabolic inflammation raise awareness about the need to consume more vegetable fats and less animal fat overall (Schlesinger et al., 2019). Significant variations were also observed in HOMA-IR analysis, which detects insulin resistance during fasting. Although it has been shown that HF diets cause glucose intolerance and the consequent development of insulin hypersecretion after a glucose load, the body attempts to maintain glucose at normal physiological levels (Keita et al., 2013). Consuming edible oils was found to have a beneficial impact on TNF-α immunological response as an anti-inflammatory agent by promoting the production of keratinocytes and cytokines (Baakdah et al., 2023).

Edible oils contain flavonoid components that serve as inhibitory agents and have immune-suppressive effects on cytokine production. The presence of glycosylated proteins in various types of oil may be the cause of elevated cytokine production in rats, as these proteins can activate cells and cause synergistic activities (Al-Eisa et al., 2023).

Proinflammatory cytokines are linked to CVD and are used as inflammatory markers to predict atherosclerotic risk (Xu et al., 2012). Consuming sunflower, soybean, flaxseed, and olive oils significantly decreased the plasma levels of both IL-6 and CRP in the current investigation, suggesting that these oils may help to ameliorate inflammation status.

The heart is renowned for its capacity to convert fatty acids into energy because it is better able to carry out β-oxidation due to the high levels and activity of associated enzymes (Oliveira et al., 2017). Heart weight results have likewise revealed typical growth trends (Rabail et al., 2024). CH index can be influenced by several indexes such as obesity, aging-induced cardiac hypertrophy, high blood pressure, and a decrease of mitochondrial biogenesis via the heart’s Sirtuin 1 (Shahidi et al., 2024). The heart can only guarantee a few seconds of beating because of its limited capacity to store the adenosine triphosphate. When there is a greater supply of those nutrients, cardiac muscle may swiftly adjust to the energy demand and boost its energy production from fatty acids by up to 100% (Oliveira et al., 2017). Edible oils’ anti-oxidative and anti-inflammatory properties may help to control the cardiac hypertrophy and dysfunction linked to myocardial infarction (Al-Shudiefat et al., 2022). In a rat model, Csepanyi et al. (2015) showed that consuming carotenoid-rich oils enhanced cardiac function at reduced reperfusion periods. These effects were attributed to the chemicals’ antioxidant qualities. Finding possible novel treatment targets for heart hypertrophy is aided by new regulatory mechanisms (Shahidi et al., 2024). It has been demonstrated that high oleic oils have positive effects on heart structure and function in vivo, even though they may also have positive effects on cardiovascular risk factors, such as lowering LDL-c in hypercholesterolemic rats (Thandapilly et al., 2017).

Levels of creatinine and urea are considered crucial indicators of kidney functions. Elevated urea and creatinine levels serve as significant indicators of kidney failure, reflecting a lack of glomerular filtration rate activity (Mohammed et al., 2023). The enhanced weight gain of the kidney after consumption of edible oils may be related to the improved immunity observed in these rats (Rabail et al., 2024). According to another earlier study, urea and creatinine levels decreased in animal models (Mahfouz, 2020). Through kidney neutralization and active transport in the kidney tubules, the kidneys release some removed chemicals, including penicillin, urea, creatinine, and the ions H+ and K+, into the urine, maintaining the chemical compositions of body fluids steady (Nuru et al., 2024).



Conclusion

The growing prevalence of heart disease has rendered it more important than ever to change modern lives in order to achieve a better balance and diversification of nutrient and oil consumption in the daily diet. It is crucial to change the consumption of fats to improve current dietary lifestyles. This research assessed the therapeutic effects of several common edible oils through a 60-day bio-efficacy trial on rats that had been given a high-fat diet for 21 days to induce hyperlipidemia. Strong cardiovascular preventive advantages were demonstrated by rats given flaxseed and olive oils, which also resulted in decreased body weight and better lipid profile, glucose, insulin resistance levels, and inflammatory markers. Flaxseed oil consumption was more successful in improving lipid profile values and lowering cardiovascular risk indicators, even though both flaxseed and olive oils enhanced cardiovascular health. The rats in the palm oil group had the highest levels of insulin resistance, suggesting that consumption of palm oil may increase the risk of cardiovascular disease. Sunflower oil showed protective effects similar to olive oil in terms of inflammatory markers and heart hypertrophy index, suggesting it a is moderate but beneficial dietary oil option. The administration of olive, flaxseed, and sunflower oils exhibited protective effects against cardiovascular risk factors. Although flaxseed oil demonstrates superiority compared to olive oil.
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