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A B S T R A C T   

The current study assessed the hypolipidemic effect and modulation of hepatic enzymes by 
different edible oils in obese Wistar rats. In order to conduct this study, 36 Wistar rats that were 
collected at 5 weeks of age and weighed an average of 70 g were split into two groups: 28 of them 
were fed a high-fat diet (HFD) and 8 of them were fed a control diet. After 5 weeks of feeding, rats 
from the HFD (obese, n = 4) and the control diet group (n = 4) were sacrificed. Subsequently, the 
rest of obese rats (n = 24) were separated into six groups, including the continuing high-fat (CHF) 
diet group, rice bran oil (RBO) diet group, olive oil (OO) diet group, soybean oil (SO) diet group, 
cod liver oil (CLO) diet group, and sunflower oil (SFO) diet group, and the continuing control diet 
group (n = 4). Rats from each group were sacrificed following an additional 5 weeks, and all 
analytical tests were carried out. The results found that the interventions of RBO, CLO, and SFO in 
obese rats reduced their body weight non-significantly when compared with CHF. It was also 
observed that a non-significant reduction in weight of the heart, AAT, and EAT occurred by RBO, 
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OO, SO, and CLO, while SFO reduced the AAT level significantly (p < 0.05). Besides, RBO, OO, 
SO, CLO, and SFO decreased IBAT and liver fat significantly compared to CHF. Similarly, the 
administration of RBO, OO, SO, and CLO reduced ALT significantly. RBO reduced GGT (p < 0.05) 
significantly, but other oils did not. The given oil has the efficiency to reduce TC, TAG, and LDL-C 
but increase HDL-C significantly. These findings suggest that different edible oils can ameliorate 
obesity, regulate lipid profiles, and modulate hepatic enzymes.   

1. Introduction 

Around the world, obesity is one of the key reasons of death and the most dangerous public health problem nowadays [1,2]. It is a 
substantial risk issue for cardiovascular disease (CVD), several types of cancer, diabetes, especially type 2 diabetes, and mortality in 
general [3–6]. In America, over 80% of predicted obesity-related deaths are attributed to those with a body mass index (BMI) of more 
than 30 kg/m2. In contrast, obesity rates in Europe fluctuated between 4.0% and 28.3% for men as well as 6.2%–36.5% for women 
(BMI >30 kg/m2) [7,8]. Around 17% of adult population in Bangladesh suffer from overweight and obesity problems. In contrast, in 
1980, 7% of adults and 3% of children were overweight or obese [9,10]. A BMI of 30–35 kg/m2 often results in a reduction of 2–4 years 
in longevity, but serious obesity (BMI >40 kg/m2) causes a reduction of 8–10 years in life span [11]. The World Health Organization 
foresees that undernourishment and infectious diseases may be replaced by concerns about overweight and obesity, which affect 
34.3% of Americans over 20 and cost $503.2 billion in treatment and productivity in 2010 [12,13]. 

Obesity intensifications the danger of raised hepatic enzymes by two to three times, contrasting with the three-fold increase in 
steatosis risk at ultrasonography [14]. Omega-3 and omega-6 fatty acids are considered healthier due to their potential to protect 
against cancer, heart inflammatory diseases, and reduce belly fat size [15,16]. Food administration is the keystone of a remedy for 
people who are obese because it improves or even normalizes adiposity and related diseases [17]. The finest food menu or diet plan 
prevents gaining of weight, overweightness, metabolic disorder, and type 2 diabetes [18]. Substituting saturated fatty acids with 

Fig. 1. Schedule of the research protocol.  
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unsaturated fatty acids has proven beneficial for controlling lipid profiles and obesity-related diseases [19]. Polyunsaturated fatty 
acids (PUFA) benefit liver fat reduction, mainly by changing the liver marker [20]. Currently, weight loss by food and workout therapy 
is the foremost dealing for non-alcoholic fatty liver disease (NAFLD), and it has been demonstrated to progress hepatic enzymes 
[21–23] and diminish plasma triglycerides [22,24]. 

Continuous weight management, managing the promising lipid profile for the long term, and plummeting fat storage from different 
fat depots are positive outcomes in preventive measures against obesity and in lowering its complications [25]. Dietary oil, which 
comprises a range of oils such coconut, mustard, palm, sesame, soybean, rapeseed, sunflower, olive, and cod liver oil, is one of the most 
significant sources of fat in the human diet. The fatty acid profile of these oils varies extensively, considering the PUFA content. PUFA 
aid in the decrease of liver fat primarily by altering the liver marker, decreasing fat depots, and enhancing high-density lipoprotein 
cholesterol (HDL-C) in the body by lowering low-density lipoprotein cholesterol (LDL-C) [20,26]. The unsaturated fatty acid profiles of 
rice bran oil (RBO), olive oil (OO), soybean oil (SO), cod liver oil (CLO), and sunflower oil (SFO) may be promising in lowering aberrant 
fat deposition and NAFLD. Furthermore, Virgin olive oil and other oils can reduce obesity and other CVD complications due to their 
high content of PUFA [27]. Still, liver enzymes show a vital part in signaling the possibility of developing liver diseases in extreme 
cases, like diabetes, liver cirrhosis, and so on. Different types of oils are capable of reducing obesity and liver enzymes, but the 
extensive study of the possessions of diverse edible oils on hyperlipidemia and NAFLD is still limited. Many investigations have been 
done on the impacts of various formulated foods on obesity and NAFLD, but the comparisons of different edibles are still low. So, a 
significant research field is to attempt to prevent obesity and its complications through dietary correction of fat sources. In this 
perspective, the authors wanted to elucidate the hypolipidemic effect and modulation of hepatic enzymes by different edible oils in 
obese Wistar rats. 

2. Materials and methods 

2.1. Trail animals and laboratory setting 

36 male Wistar rats, weighted at an average of 70 g, were procured from the Animal House, Department of Pharmacy, Jahan-
girnagar University, Bangladesh, at the age of 4–5 weeks. The animals were given a week to get used to lab settings before being used in 
the trial. Rats were kept in temperature-controlled clinical research setting at 23 ± 5 ◦C with a 12:12 h light-dark cycle. The Animal 
Care Committee allowed all of the investigations conducted by this research, and all rats were housed in the accommodations in 
compliance with animal handling and management guidelines. 

2.2. Research design 

The study was finished in two stages (Fig. 1). The rats were split into two groups at random for the first period: the control group (n 
= 8) taken a control diet, while the HFD group (n = 28) received HFD. 4 rats from the control group and 4 from the HFD had been 
sacrificed after a period of 5 weeks of feeding. Subsequently, the 6 groups comprised of the stayed obese rats (n = 24) were the high-fat 
diet (CHF), RBO, OO, SO, CLO, and SFO meals. The rats were sacrificed after a further 5 weeks of feeding, and the organs, serum, and 
fat tissue were all isolated as in the initial stage. After sacrificing, essential analytical tests were done. Rats were given water and diet ad 
libitum. 

2.3. Development of diets 

Table 1 includes all of the items used in the first and second stages of the experiment and control diet preparations. The diet was 

Table 1 
Ingredients of control and experimental diet (g/100 g) for first phase and second phase.  

Ingredients First Phase diet (g) Second Phase diet (g) 

Control HFD RBO OO SO CLO SFO 

Wheat 42 42 42 42 42 42 42 
Wheat bran 20 20 20 20 20 20 20 
Rice polish 5 0 1 1 1 1 1 
Ghee 0 10 0 0 0 0 0 
Egg yolk 0 5 0 0 0 0 0 
Respective oil 0 0 15 15 15 15 15 
Fish meal 10 5 5 5 5 5 5 
Till cake 10 5 5 5 5 5 5 
Vitamin GS 1 1 1 1 1 1 1 
Oil 1 1 0 0 0 0 0 
Salt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Molasses 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SMP 4 4 4 4 4 4 4 
MCD diet 6 6 6 6 6 6 6 

SMP = Skimmed Milk Powder, MCD = Methionine- and Choline-Deficient. 
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created using a conventional procedure, and the components were bought at a nearby market [28]. Therefore, proximate composition 
of control diet, HFD, and oil-based formulated diet are shown in Table 2. 

2.4. Fatty acid composition of selected oils 

This standard technique [29] was used to assess the fatty acid profile of the selected oils (RBO, OO, SO, CLO, and SFO) (Table 3). 
The oil samples were collected from the retail shop of Tangail and Dhaka in Bangladesh. 

2.5. Measurement of body weight and serum separation 

From the first day of the trial to the last, the weight of the rats used for the experiment was measured in triplicate. Body weight 
growth was determined using the average weight. 

Mean weight gain = Final weight (gm) – Primary weight (gm) (1). 
Rats were starved for 12 h and then put into the metabolic cages at the ending of each treatment session. Next, an intraperitoneal 

dose of ketamine K (5 mg/100 g body weight; Abbott, IL, USA) was used to induce unconsciousness the rats. A sterilized syringe was 
used to draw blood from the abdominal aorta, and the sample was then put in a test tube to clot for 20–30 min. The serum was then 
refrigerated at − 40 ◦C until examination, and it was centrifuged for 10 min at 3000 rpm at 4 ◦C. 

2.6. Separation of tissue 

Wistar rats’ fat tissue was thoroughly separated into three distinct regions. In this clinical study, brown adipose tissue (BAT) was 
separated from interscapular brown adipose tissue (IBAT), abdominal adipose tissue (AAT) was separated from dorsolumber, inguinal, 
and gluteal posterior subcutaneous depots, and epididymal adipose tissue (EAT) was separated from mediastinal, retroperitoneal, 
gonadal, and perirenal visceral depots. 

2.6.1. Isolation of interscapular brown adipose tissue (IBAT) 
After euthanasia, the rats were placed on their abdomens, their heads facing the investigator. In order to wet the coat and prevent 

hair from getting on the samples, the shoulder area is heavily rinsed with 70% ethanol. With tongs, the skin immediately behindhand 
the head is elevated and then cut with scissors. From this point to the center of the back, the skin has been heavily incised, and the field 
has been cleared. IBAT was revealed to be shaped like a butterfly. Then, removed the white portion of the fat pad just above the IBAT 
by wiping it with a paper towel, carefully dissecting the fat pad, and then carefully dissecting the brown fat butterfly. In every situation, 
extra care is taken to avoid muscles closely related to brown fat. When the sample was ready, the pad’s components were divided as 
needed [30]. 

2.6.2. Separation of abdominal adipose tissue (AAT) 
With its tail pointed in the direction of the viewer, the rat was lying on its back. The skin of the abdomen was deeply incised after 

being rinsed with ethanol. Dissect the lymph nodes among the fat after removing the pad, then discard them [30]. 

2.6.3. Separation of epididymal adipose tissue (EAT) 
After removing the abdominal adipose tissue, the abdominal wall was opened. With one hand, dissect the fat tissue or handled the 

gonadal tract to remove the genitalia from the abdominal cavity. On the other hand, gently pulled the fat away from the different 
tissues to reveal the genitalia. Warm saline was used to collect the tissue, which was then blotted and weighed to the closest milligram 
[30]. 

2.7. Separation of liver and heart 

The abdominal wall was opened, the AAT, EAT, and BAT were removed, and the liver and heart were removed. Removed carefully 
by dissecting the liver and heart with one hand, and separated from the body. Heated saline was used for obtaining the liver and heart, 
which were then blotted and weighed to the closest milligram [30]. 

Table 2 
Proximate composition of control, HFD, and oil-based formulated diet per 100 g.  

Parameter Control diet HFD Oil-based formulated diet 

Moisture (g) 8.26 ± 0.44a 7.98 ± 0.39b 9.41 ± 0.45c 

Ash (g) 7.29 ± 0.39d 4.12 ± 0.55e 5.73 ± 0.38f 

Carbohydrate (g) 66.49 ± 1.68g 62.21 ± 0.43h 61.09 ± 1.11i 

Protein (g) 10.27 ± 0.23j 6.59 ± 0.46k 8.91 ± 0.38l 

Fat (g) 6.28 ± 1.09m 17.97 ± 0.59n 12.88 ± 0.49◦

Fiber (g) 1.41 ± 0.31p 1.13 ± 0.29q 1.98 ± 0.42r 

The data is shown as Mean ± SD. According to the Duncan Multiple Range Test (DMRT) of One-Way ANOVA, values in each bar in a row with distinct 
superscripts are statistically significant from one another (p < 0.05) across various diets. 
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2.8. Determination of liver fat 

The percentages of each animal’s total liver fat were calculated after the animals were slaughtered. To prevent undigested debris 
from interfering, the carcass’s stomach and intestines were removed. From each rat, around 9 g of liver were taken. The livers were 
then weighed again, and the difference between the first and last weights was used to determine the proportion of water in the liver. 
The dehydrated livers were placed into cellulose thimbles that had been previously weighed. The amount of water in the liver sample 
was determined after it was dried for 24 h at 105 ◦C in an air oven. n-hexane was used as the solvent in a Soxhlet system to extract the 
lipids from dried livers for 4 h. A computation was made of the recovered lipid content. Each animal underwent this procedure three 
times [31]. 

2.9. Analysis of biochemical parameters 

Standardized diagnostic techniques (enzyme colorimetric & enzyme kinetic techniques) were used for the measurement of tri-
glycerides (TAG), serum total cholesterol (TC), HDL-C, aspartate aminotransferase (AST), plasma alanine aminotransferase (ALT), 
alkaline phosphatase (ALP), and gamma glutamic transpeptidase (GGT) with a biochemical instrument Siemens dimension RxL 
Clinical Chemistry Autoanalyzer, USA using commercial kits (Siemens kits; AHDL GA6104; Siemens Healthcare Diagnostic Inc. 
Newark DE, 19,714, USA). 

LDL-C and VLDL-C were measured by using the Friedwald equations [32]: 

LDL-C(mg / dL)=TC(mg / dL)-HDL-C(mg / dL)- TAG (mg / dL)/5 (2)  

VLDL-C= triglycerides/5 (3)  

2.10. Statistical analysis 

For all variables, descriptive statistics were computed using the Statistical Package for Social Sciences (SPSS) software (version 
25.0) and the data is shown as Mean ± SEM. The statistical significance of the variations in group means was evaluated using the 
independent sample student’s t-test. Differences were significant at **p < 0.01, and *p < 0.05. 

Table 3 
Fatty acid composition of selected oils.  

Fatty acid composition Results 

RBO OO SO CLO SFO 

A) Saturated fatty acids % 22.6010 9.8067 15.5368 16.7858 9.6953 
a) Myristic acid (C14:0) 0.1930 – 0.0546 5.0937 0.0403 
b) Pentadecyclic acid (C15:0) – – – 0.2332 – 
c) Palmitic acid (C16:0) 19.4083 8.3715 11.3950 9.1802 6.1967 
d) Margaric acid (C17:0) – – – 0.3497 – 
e) Stearic acid (C18:0) 2.3733 1.1469 3.7900 1.9290 2.8113 
f) Arachidic acid (C20:0) 0.4994 0.2883 0.1649 – 0.1400 
g) Behenic acid (C22:0) 0.1270 – 0.1323 – 0.5070 

B) Unsaturated fatty acids % 77.3990 90.1933 84.4632 83.2142 90.3047 
i) Monounsaturated fatty acids (MUFA) % 43.0626 86.3620 22.1584 46.2061 27.5735 

a) Myristoleic acid (C14:1) – – – 0.0692 – 
b) Palmitoleic acid (C16:1) 0.0412 0.5061 – 7.4242 0.0455 
c) Oleic acid (C18:1) 42.6623 85.6769 22.0759 13.6534 27.4385 
d) Vaccenic acid (C18:1) – – – 2.3365 – 
e) Eicosenoic acid (C20:1) 0.3591 0.1790 0.0825 12.1603 0.0895 
f) Erucic acid (C22:1) – – – 10.5625 – 

ii) Polyunsaturated fatty acids (PUFA) % 34.3364 3.8313 62.3048 37.0081 62.7312 
a) Tetradecadienoic acid (C14:2) – – – 0.1439 – 
b) Hexadecadienoic acid (C16:2) – – – 0.7299 – 
c) Hexadecatrienoic acid (HTA) (C16:3) – – – 0.1581 – 
d) Hexadecatetraenoic acid (C16:4) – – – 0.2676 – 
e) Linoleic acid (C18:2) 33.4521 3.2177 55.5454 1.5492 62.6910 
f) Linolenic acid (C18:3) 0.8843 0.6136 6.7594 4.1662 0.0402 
g) Eicosadienoic acid (C20:2) – – – 2.0004 – 
h) Eicosatrienoic acid (C20:3) – – – 0.2846 – 
i) Arachidonic acid (C20:4) – – – 0.8903 – 
j) Eicosapentaenoic acid (EPA) (C20:5) – – – 10.2287 – 
k) Docosadienoic acid (C22:2) – – – 0.5955 – 
l) Docosatrienoic acid (C22:3) – – – 0.2059 – 
m) Adrenic acid (C22:4) – – – 0.1095 – 
n) Docosapentanoic acid (DPA) (C22:5) – – – 0.0711 – 
o) Docosahexanoic acid (DHA) (C22:6) – – – 15.6072 –  
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3. Results and discussion 

3.1. Obesity development phase 

3.1.1. Consequence of HFD on body weight and BMI at 5th weeks 
Following a five-week HFD, the rats’ weight rose considerably (p < 0.01) than to the control group (Table 4). Feeding with HFD 

made them obese (0.78 g/cm2) according to the Lee index [33,34], where the normal range of BMI is 0.45–0.68 g/cm2. In line with 
other studies showing increased body weight growth in rats, the study proposes that HFD plays a major role in obesity and weight gain 
[35–37]. Likewise, additional research has shown that HFD leads to mice becoming fatter and developing insulin resistance [38,39]. 
HFD diets are one of the crucial factors in increasing the weight of rats, which triggers obesity and other metabolic disorders [40,41]. 

3.1.2. Consequence of HFD on the organ weight, cholesterol level, and hepatic enzymes 
During the first phase, the weight of rats in the liver, heart, AAT, EAT, and liver fat rose considerably (p < 0.01) due to the HFD, and 

there was also a substantial (p < 0.05) rise in the weight of IBAT (Table 5). The weight of liver and heart found in this research is 
reliable with previous investigation that linked HFD to a rise in liver and heart weight [35,37]. This rise in liver weight might be 
brought on by the buildup of triglycerides and other lipids in the liver, which is a hallmark of nonalcoholic fatty liver disease (NAFLD) 
[36]. The increase in AAT and EAT weights seen in this study aligns with other research that linked HFD to an increase in adipose tissue 
weight [42]. 

Various metabolic diseases like insulin resistance, dyslipidemia, and inflammation are linked to this increase in adipose tissue 
weight, which may be caused by the buildup of triglycerides and other lipids in the body fat [43,44]. The current research found a 
significant rise in IBAT weight, which is interesting because it has been suggested that HFD can activate IBAT, which is essential for 
maintaining homeostasis by releasing energy as heat through thermogenesis. It has been that activation of IBAT is a probable healing 
goal for managing overweightness and associated metabolic problems in response to HFD [45,46]. 

HFD instigated a substantial elevation (p < 0.05) of serum TAG, TC, and VLDL-C, but in the case of LDL-C, it was reduced non- 
significantly compared to control diet group rats (Table 5). This study’s observation of the hyperlipidemic effect of HFD is consis-
tent with other research that has shown a favorable relationship between HFD and serum lipid levels [35–37]. The liver produces and 
secretes more VLDL-C particles due to HFD, which can raise TAG and TC levels [37]. 

HDL-C levels were shown to decrease in this study, along with an increase in VLDL-C levels [42,47]. Increased triglyceride pro-
duction and hepatic steatosis result from fatty acids entering the liver more readily while eating an HFD [45]. Increased lipogenesis, 
decreased lipolysis, and adipocyte hypertrophy are responsible for the increased adiposity in rats fed an HFD [37]. 

It also shows HFD significantly reduced HDL-C (p < 0.05). Contrary, HFD caused a noteworthy elevation (p < 0.05) of ALT, but 
ALP, AST, and GGT increased non-significantly compared to control diet group rats (Table 5). HFD significantly increased (p < 0.05) 
ALT serum levels, but not AST or GGT. Elevated levels of ALT and ALP indicate liver injury, which may be brought on by a buildup of 
fat in the liver. Additionally, increased ALP levels have been linked to cholestasis, a condition marked by the buildup of bile acids and 
cholesterol in the liver [35]. Therefore, the rise in ALP levels seen in this study might result from cholestasis brought on by the HFD. 

Interestingly, there was no discernible increase in the AST or GGT levels in the HFD group. Elevated AST and GGT levels have been 
connected to liver impairment and are commonly employed as markers of liver function [48]. The study’s findings on the 
non-significant increase in AST and GGT levels might be attributed to the short period of HFD. A prolonged HFD regimen could likely 
outcome in a more noticeable upsurge in AST and GGT values. 

3.2. Experimental phase 

3.2.1. Consequence of various edible oils on weight of body and BMI of obese rats 
Table 6 shows that as compared to the rats in the CC diet group, the growth in the CHF group rose considerably (p < 0.05). Table 6 

also illustrate that the body weight gain rate diminished non-significantly in RBO, OO, SO, CLO, and SFO compared to the CHF group. 
These results align with earlier research that demonstrated that different oils have various impacts on body weight gain non- 
significantly [49]. 

Although several theories have been proposed, the mechanisms behind the anti-obesity actions of oils remain incompletely un-
derstood. It has been shown that the bioactive and antioxidant compounds included in oil enhance lipid metabolism and inhibit rat 
body weight gain. Although the present study found non-significant weight gain in the rats [50–52]. 

The BMI of rats was measured according to the Lee index [33,34], and the table shows that feeding with different oils except OO 
showed the obese rats turn to the normal range of BMI, which indicates the positive outcome of oils on obesity but it was occurred 

Table 4 
Consequence of diet on the increment of body weight at 5th weeks of rats.  

Group Primary weight (g) Final weight (g) Weight gain (g) Weight gain (g/rat/day) BMI (g/cm2) 

Control 62 ± 3.05 127 ± 9.68 65 1.85 0.47 (normal) 
HFD 71 ± 0.66 203 ± 2.40 132** 3.77 0.78 (obese) 

The data is shown as Mean ± SEM. The statistical significance of the variations in group means was assessed using the independent sample student’s t- 
test. **p < 0.01 when compared initial body weight to final body weight. 
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non-significantly (p > 0.05). The BMI of the control diet cluster was discovered to be within the normal range. However, the BMI of the 
rats given CHF significantly increased (p < 0.05), indicating that these rats were obese. This study’s findings align with other research 
that demonstrated the practical benefits of various oils on obesity [49]. 

3.2.2. Consequence of various oils on weight of organ, cholesterol level, and hepatic enzymes at 11th weeks of obese rats 
The weight of the liver, heart, AAT, EAT, IBAT, and liver fat were all decreased over a period of five weeks (6–11 weeks) by feeding 

Table 5 
Effect of HFD on the weight of various organ weight, fat profile, and hepatic enzymes at 5th weeks.  

Parameters Control group HFD group P value 

Liver (g) 4.99 ± 0.41 8.85 ± 0.36 ** 
Heart (g) 0.50 ± 0.05 0.75 ± 0.06 ** 
AAT (g) 0.45 ± 0.08 2.36 ± 0.19 ** 
EAT (g) 0.93 ± 0.09 2.08 ± 0.44 ** 
IBAT (g) 0.18 ± 0.06 0.70 ± 0.09 * 
Liver Fat (mg) 21.47 ± 0.03 39.79 ± 0.01 ** 
TC (mg/dL) 55 ± 4.42 94 ± 3.67 * 
TAG (mg/dL) 57 ± 3.17 80 ± 6.64 * 
HDL-C (mg/dL) 59 ± 3.17 11 ± 6.64 * 
LDL-C (mg/dL) 40 ± 3.46 39 ± 2.65 – 
VLDL-C (mg/dL) 11 ± 0.57 21 ± 3.33 * 
ALT (IU/L) 23 ± 11.26 44 ± 3.53 * 
AST (IU/L) 79 ± 10.60 82 ± 7.62 – 
ALP (IU/L) 79 ± 5.50 160 ± 6.50 – 
GGT (IU/L) 1.67 ± 0.67 3.67 ± 0.67 – 

The data is shown as Mean ± SEM. The statistical significance of the variations in group means was assessed using the independent 
sample student’s t-test. **p < 0.01, and *p < 0.05 when contrast control diet to HFD. 

Table 6 
Effect of different oil diet on growth and BMI at 11th of obese rats.  

Group Primary weight (g) Final weight (g) Weight gain (g) Weight gain 
(g/rat/day) 

BMI (g/cm2) 

CC 184 ± 8.17 242 ± 14.06 58 1.65 0.68 
CHF 200 ± 3.16 286 ± 10.77 86* 2.45 0.80 
RBO 206 ± 7.82 273 ± 8.61 67 1.91 0.68 
OO 202 ± 4.56 272 ± 8.23 70 2.00 0.69 
SO 208 ± 4.57 278 ± 6.24 70 2.00 0.68 
CLO 184 ± 8.01 228 ± 11.08 44 1.25 0.65 
SFO 193 ± 6.10 239 ± 8.18 46 1.31 0.59 

The data is shown as Mean ± SEM. The statistical significance of the variations in group means was assessed using the independent sample student’s t- 
test. *p < 0.05 when comparing CC to CHF and CHF to respected oil groups. CC = Continuing Control. 

Table 7 
Effect of different edible oils on weight of organ, cholesterol level, and hepatic enzymes at 11th weeks of obese rats.  

Parameters Treatment Phase 

CC CHF RBO OO SO CLO SFO 

Liver (g) 6.97 ± 0.45 10.1 ± 0.56* 9.02 ± 0.76 9.05 ± 0.89 8.86 ± 0.69 7.31 ± 0.54* 7.2 ± 0.71 
Heart (g) 0.72 ± 0.08 0.82 ± 0.09 0.77 ± 0.02 0.74 ± 0.04 0.81 ± 0.05 0.67 ± 0.08 0.65 ± 0.10 
AAT (g) 2.8 ± 0.73 6.95 ± 0.75* 4.99 ± 0.49 5.29 ± 0.54 5.07 ± 0.18 4.03 ± 0.86* 3.22 ± 0.58 
EAT (g) 2.93 ± 0.67 6.24 ± 0.69 3.90 ± 0.41 4.04 ± 0.43 4.32 ± 0.39 2.96 ± 0.61 2.99 ± 0.06 
IBAT (g) 0.26 ± 0.07 1 ± 0.07** 0.59 ± 0.04* 0.47 ± 0.04** 0.56 ± 0.06* 0.58 ± 0.06* 0.49 ± 0.09* 
Liver Fat (mg) 25.19 ± 0.03 48.53 ± 0.03** 32.38 ± 0.026** 40.24 ± 0.02* 36.14 ± 0.01** 34.95 ± 0.04** 34.82 ± 0.01** 
TC (mg/dL) 46 ± 4.45 138 ± 8.89** 48 ± 3.31** 78 ± 5.49* 54 ± 6.78* 49 ± 1.34** 50 ± 4.31** 
TAG (mg/dL) 72 ± 1.20 99 ± 6.36* 54 ± 3.93** 58 ± 8.41* 60 ± 4.48* 30 ± 4.48** 57 ± 2.08** 
HDL-C (mg/dL) 47 ± 0.578 14 ± 4.67** 39 ± 4.16** 32 ± 6.5* 33 ± 3.89* 40 ± 3.89** 34 ± 1.15* 
LDL-C (mg/dL) 16 ± 1.53 40 ± 5.36* 5 ± 1.73** 20 ± 5.76 16 ± 2.33* 18 ± 5.36* 13 ± 4.48* 
VLDL-C (mg/dL) 9 ± 0.33 27 ± 3.17** 10 ± 0.33** 16 ± 2.33* 11 ± 0.88** 10 ± 0.00** 10 ± 0.00** 
ALT (IU/L) 54 ± 9.07 83 ± 6.17 49 ± 2.00** 58 ± 5.46* 40 ± 0.00** 63 ± 6.98 70 ± 0.00 
AST (IU/L) 72 ± 1.76 88 ± 7.31 70 ± 7.02 79 ± 1.15 83 ± 9.40 77 ± 4.33 85 ± 0.58 
ALP (IU/L) 62 ± 8.61 236 ± 10.50* 126 ± 7.00 161 ± 11.00 148 ± 12.00 197 ± 2.02 177 ± 9.52 
GGT (IU/L) 1.67 ± 0.67 4.34 ± 0.33 1.67 ± 0.33 2.67 ± 0.77 3.33 ± 0.67 2 ± 0.59 2.67 ± 0.33 

The data is shown as Mean ± SEM. The statistical significance of the variations in group means was assessed using the independent sample student’s t- 
test. **p < 0.01, and *p < 0.05, when compared CC to CHF and CHF to RBO, OO, SO, CLO, and SFO groups. 
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different dietary oils to obese rats that had been given high fat levels. These reductions were observed at both significant and non- 
significant levels (Table 7). The different fatty acid compositions of the oils utilized in the study can account for the observed dif-
ferences in organ weights and liver fat content. In the current study, the high-fat-induced obese rat’s liver weight was considerably 
greater than that of the control group. On the other hand, weight of liver dropped after five weeks of RBO, OO, SO, CLO, and SFO 
feeding. The RBO, SO, CLO, and SFO groups showed the most substantial reduction in liver fat (p < 0.01), followed by OO (p < 0.05). 
These outcomes are reliable with the prior investigation, which demonstrated that various oils have distinct impacts on hepatic lipid 
metabolism [53]. The adding of omega-3 fatty acids in these oils, which have been demonstrated to have anti-obesity possessions, may 
be the source of the decline in body fat weight seen in the CLO and SFO groups [54]. The increased concentration of monounsaturated 
fatty acids (MUFA) in the SO group may cause a decrease in liver fat content [55]. Additionally, the current study revealed no apparent 
variations in the weight of the heart between the various oil-fed rats. A high-fat diet, however, has been linked to heart lipid buildup 
and malfunction [56]. Therefore, the short study duration may be partially responsible for the observed lack of noticeable changes in 
heart weight. 

On the contrary, the study also examined the hypolipidemic effects of several oil groups, such as RBO, OO, SO, CLO, and SFO, on 
high-fat-induced obese rats. After consuming the various oil groups for five weeks, the results revealed significantly lower TC and TAG 
(p < 0.01 for RBO, CLO, SFO, and p < 0.05 for OO and SO); HDL-C (p < 0.01 for RBO, CLO, and p < 0.05 for OO, SO, and SFO); LDL-C 
(p < 0.01 for RBO and p < 0.05 for SO, CLO, and SFO); and VLDL-C (p < 0.01 for RBO, SO, CLO, and SFO except OO (p < 0.05) among 
the rats (Table 7). Unsaturated fatty acids, abundant in RBO, OO, SO, CLO, and SFO, have been shown to positively affect lipid 
metabolism [57]. For instance, oleic acid, which is abundant in RBO and has been found to drop LDL-C and raise HDL-C levels [58]. In 
both animal and human research, OO has been shown to have hypolipidemic effects because it is also high in oleic acid [59]. Linoleic 
acid, which has been demonstrated to reduce TC, LDL-C, and VLDL-C levels, is a good source of fat in SO [60]. On the other hand, CLO 
is abundant in EPA and DHA, which have been revealed to lower plasma TAG levels. Last but not least, SFO has a significant amount of 
unsaturated fatty acids, especially linoleic acid, which has been shown to lower points of TC and LDL-C [61]. 

The effects of the various oil groups on TC, TAG, LDL-C, HDL-C, and VLDL-C levels were used to evaluate the hypolipidemic effect of 
the groups in the current investigation. The outcomes presented that all of the oil groups considerably lowered TC levels, with the 
exception of OO. RBO, SO, and CLO considerably lowered TAG levels whereas SFO markedly increased HDL-C levels. Furthermore, 
RBO, CLO, and SFO dramatically decreased (p < 0.01) LDL-C levels whereas SO considerably decreased (p < 0.01) VLDL-C levels. The 
different oil groups’ fatty acid composition might be the cause of the observed hypolipidemic effect. The unsaturated fatty acids in the 
oils may reduce hepatic TC formation, accelerate bile acid synthesis, enhance LDL receptor function, and promote fatty acid oxidation 
to lower blood cholesterol levels [62]. The presence of bioactive substances like tocopherols and phenolic compounds in oils may be a 
factor in the oils’ hypolipidemic impact [61]. 

On high-fat-induced obese rats, ALT, AST, ALP, and GGT were reduced over the course of five weeks at varying significant and non- 
significant levels by feeding RBO, OO, SO, CLO, and SFO. ALT, AST, ALP, and GGT levels significantly decreased in rats fed RBO, SO, 
and CLO, but non-significantly decreased in rats given OO and SFO. It’s possible that the oils protect the liver because of the reported 
drop in liver enzymes. 

Oleic acid and linoleic acid, abundant in RBO and SO, have been demonstrated to diminish liver fat buildup and enhance liver 
function [63]. Due to RBO’s capacity to increase fatty acid oxidation and decrease hepatic lipid production, this may have a hypo-
lipidemic impact [64]. While SO’s capacity to boost LDL receptor activity, improve fatty acid oxidation, and encourage bile acid 
synthesis may be responsible for its hypolipidemic effect [65]. EPA and DHA, in particular, are abundant in CLO and have been shown 
to minimize liver lipid buildup and enhance liver function [66]. The potential of CLO to decrease hepatic lipogenesis, increase fatty 
acid oxidation, and decrease inflammation may be responsible for its hypolipidemic effects [67,68]. The findings of this research are in 
line with earlier research that revealed the hypolipidemic impact of various oils on liver function [69]. 

3.3. Hypolipidemic effect of different edible oils diet in obese rats over HFD to improve lipid profile 

The effectiveness of various edible oils over HFD in enhancing cholesterol levels is shown in Table 8. The CHF had significantly 
higher TC, TAG, and LDL-C. Contrary to the rats fed the CHF group, those fed the RBO, OO, SO, CLO, and SFO groups had significantly 
lower points of TC, TAG, and LDL-C and higher levels of HDL-C. These findings suggest that consuming these oils may protect against 
the onset of dyslipidemia and may even enhance the lipid profile in obese rats. The profile of lipids may be impacted by the MUFA and 
PUFA present in the regarded oils. Edible oils have been recommended as a dietary approach to reduce the risk of metabolic disorders 

Table 8 
Efficiency of different edible oils over HFD (11th weeks) on improving lipid profile.  

Treatment groups TC (%) TAG (%) LDL-C (%) HDL-C (%) 

CHF 46.80↑ 23.75↑ 2.56↑ 27.27↑ 
RBO 48.94↓ 32.50↓ 87.18↓ 254.54↑ 
OO 17.02↓ 27.50↓ 48.72↓ 190.90↑ 
SO 42.55↓ 25.00↓ 58.97↓ 200.00↑ 
CLO 47.87↓ 62.50↓ 53.85↓ 263.64↑ 
SFO 46.81↓ 28.75↓ 66.67↓ 209.00↑ 

↑ indicates increase. 
↓ indicates decrease. 
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[70]. 

4. Conclusion 

In a nutshell, the current research suggests that feeding different edible oils to obese Wistar rats was beneficial in reducing 
hyperlipidemic status, reducing fat reserves from various fat depots, and improving blood serum fat profiles (improved HDL-C and 
lowered TC, TAG, LDL-C, and VLDL-C). All the oils showed positive results for the reduction of hyperlipidemia. Administration of 
different edible oils to obese rats also reduced all the hepatic enzymes compared to the CHF group, and the oils opted to reduce the risk 
of cardiovascular complications. No oils were found capable of producing a significant change in AST level, regardless of whether RBO 
showed the effect of significantly reducing all the other hepatic enzymes. Other oils could reduce ALT levels significantly, whereas SFO 
could not make any significant changes to hepatic enzymes. The various edible oils had hypolipidemic effects that improved liver 
function, controlled lipid profiles, and reduced cholesterol levels in people. Further research is needed to determine how this oil affects 
human lipid metabolism and liver function. 
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