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ABSTRACT 

Hyperlipidemia refers to elevated levels of lipids (such as cholesterol and 
triglycerides) in the blood. It is a common condition that can increase the risk of 
cardiovascular diseases, such as heart attacks and strokes. Managing 
hyperlipidemia typically involves lifestyle modifications and, in some cases, 
medication. The prevalence of obesity and type 2 diabetes mellitus (T2DM), 
contributing to the burden of Hyperlipidemia, is not projected to decline in the 
foreseeable future. A high-fat diet is associated with increased oxidative stress 
and free-radical activity. Oxidative stress plays a role in Hyperlipidemia 
development, and many antioxidants reverse the free radical action and delay 
liver damage, like vitamin C and alpha-lipoic acid, ubiquinone 10, and L-
carnitine, 32 male and female rats weighing 150-200 grams were divided into 
four groups. The various antioxidants used in different combinations in treated 
group 3 were water-soluble vitamin C, L-carnitine, lipid-soluble antioxidants 
ubiquinone and alpha lipoic acid given to group 4 orally. The result of this study 
was a significant increase in Malondialdehyde MDA level in the high fat-fed 
group and a decrease in Superoxide dismutase SOD and Glutathione peroxidase 
GPx an elevation in a lipid profile, LDL, vLDL Triglyceride, and reduction in 
HDL, a significant reduction in Malondialdehyde level and increase in 
Superoxide dismutase and Glutathione peroxidase level and decrease Lipid 
profile level in antioxidant group 3 and 4. The role of antioxidants as protective 
agents against oxidative stress decreases free radicals’ activity by increasing the 
scavenging properties of antioxidants. 

 

 

Introduction 

Your largest internal organ is the liver, The liver is the central organ in all metabolic processes. 

Fats are metabolised in the liver cells to be used as fuel.(1) The daily bile production ranges from 

800 to 1,000 cc. Bile, which can be yellow, brownish, or olive green, is collected in tiny ducts 

and sent on its way to the primary bile duct, which carries it to the duodenum. Bile is essential 

for the digestion and absorption of lipids.(2) 

Hyperlipidemia is characterized by elevated lipids (cholesterol and triglycerides) levels in the 

blood. It is a common health concern that increases the risk of cardiovascular diseases. Lifestyle 

factors, such as poor diet, lack of exercise, and genetic predisposition, contribute to its 

development. Managing hyperlipidemia involves adopting a heart-healthy diet, engaging in 

regular physical activity, maintaining a healthy weight, and sometimes taking prescribed 

medications. Regular monitoring of lipid levels through blood tests is essential to assess the 

effectiveness of the management plan. By addressing hyperlipidemia, individuals can reduce 
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their risk of heart attacks, strokes, and other cardiovascular complications(3). Oxidative Stress is 

an imbalance between the production of reactive species (RS) and AO defences. Hans Selye 

developed the "stress concept" in 1936 to explain how animals react to acute nonspecific 

nocuous agents, including colds, surgical trauma, and medications. He described stress as the 

body's generalised response to any demand. Paniker et al. demonstrated in the latter part of the 

1970s that red blood cell exposure to hydrogen peroxide (H2O2) generates "oxidative stress," 

which is connected to glutathione reductase activity.(1)(4) 

Antioxidants Due to their capacity to lower oxidative stress, antioxidants are crucial for 

preserving human health and preventing and treating illnesses.(5)(6) 

L-carnitine is an antioxidant that lessens cellular metabolic stress. It has many benefits in some 

physio-pathological systems. End-stage renal disease (ESRD), coronary artery disease, and liver 

damage are just a few of the illnesses for which L-carnitine has been advocated recently.(7)(8)(9) 

Alpha-lipoic acid is also known as thioctic acid. The liver and other tissue mitochondria produce 

alpha-lipoic acid, a naturally occurring antioxidant essential to metabolism(10)(11) 

Vitamin C is abundant in citrus fruits, which continue to be the principal source of this vitamin 

in humans. However, supplements with a synthetic form are also offered. Vitamin C enhances 

various physiological processes in people and lowers oxidative cell damage.(12)(13) 

All human cell membranes naturally contain the extremely lipophilic chemical coenzyme Q10 

(CoQ10), which is essential to the oxidative phosphorylation process. It supports energy transfer 

from carbs and fatty acids into the energy-dense adenosine triphosphate by acting as an electron 

transporter from complexes I and II to complex III.(14)(15)(16) 

Materials and Methods 

Animal care  

Thirty-two (32) male and female Wistar rats weighing 150-200 gram were obtained from The 

University of Basrah, Faculty of Veterinary Medicine's animal house. Were housed and 

separated into four groups (8 animals in each group) at the animal house of the College of 

Pharmacy/university of Basrah. The rats were housed in a light-controlled, air-conditioned 

atmosphere at a constant temperature and supplied with food and water. Noisiness and harsh 

handling were avoided to reduce stress. The animals used in this study were treated in 

conformity with the National Institute of Health (NIH) guidelines for handling laboratory 

animals.  

Preparation of antioxidant supplementation  

The antioxidant supplementation was bought from private pharmacies in Basrah as tablets. The 

tablets were crushed by using a mortar to convert them to powder, then dissolved in distilled 

water to obtain a suitable form of solution or suspension for administration orally to the rats. The 

various antioxidants were used in different combinations, treating group three (Vitamin 15 

mg/kg and L-carnitine 20 mg/kg) and treating group four ( Thioctic acid 20mg/kg, and 

Coenzyme 10 20mg/kg) orally.  

Animal treatment 

The rats were divided into four groups.  

control group 1: Rats in this group have a normal diet. Rats in this group were given 

D.W(2ml\kg) orally by feeding gavage for 30 days to expose the rats to the same level of stress. 

Group 2 high-fat diet group: Rats in this group are fed a high-fat diet. Rats in this group were 

given D.W(2ml\kg) orally by feeding gavage for 30 days to expose the rats to the same level of 

stress. 
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Group 3 (water-soluble antioxidant group): Rats in this group are fed with a high-fat diet and 

given water-soluble antioxidants (L-carnitine and vitamin C) for 30 days by feeding gavage. 

Group 4 (lipid-soluble antioxidant group): Rats in this group are fed with a high-fat diet and 

given lipid-soluble antioxidants (Thioctic acid and co-enzyme 10) for 30 days by feeding 

gavage. 

Blood sampling  

The blood samples were collected directly from the hearts of rats via the rat dissection process. 

Blood sample volumes of 3-5 ml were collected into a gel tube and left for 15 minutes to clot. 

The serum was separated by centrifugation at 6000 rpm for 15 minutes. The supernatants are 

collected carefully by using a micropipette, and the sample is stored in an aliquot at (-20c) in the 

freezer for analysis time. 

Statistical Analysis  

Data are expressed as Means ± standard deviation (SD) of samples. Analysis was made by using 

SPSS (statistical package for social sciences) for Windows (version 27) and Microsoft Office 

(2022). Differences among different groups were compared by one-way analysis of variance 

(ANOVA). Statistically significant was accepted at a level of P ≤0 .05 

Results 

The study was designed to investigate the effect of antioxidants in high-fat diet-fed rats, 

investigate the lipid profile and oxidative stress measurement, Antioxidants were given orally in 

solution form for 30 days, blood serum was taken for laboratory measurement of MDA, SOD, 

GPx, LDL,vLDL,TG,HDL,TC) 

Serum MDA 

Table 1 shows a significant increase (p<0.05) in MDA levels in high-fat diet-fed group 2 

compared to MDA level in the control group 1 and lipid-soluble treated antioxidants group 4 and 

a slight increase in MDA level in water-soluble treated antioxidants group 3 but its non-

significant difference compared to control group 1 and lipid-soluble treated antioxidants group 4 

and its significant difference compared to high-fat fed group 2  

Table 1: Effect of Different Antioxidants on Serum MDA level. 

Groups MDA (micromole/L) F Statistic LSD P value 

G1: Control 21.862   0.676 c 

3.762 0.0271S G2: High fat fed group 35.064  8.492 a 

G3: Water soluble antioxidants 25.39  1.611 b 

G4: Lipid soluble antioxidants 20.19  1.417 c 

 

-Data presented as (mean standard error), with a sample size (N) of 5. 

The Least Squared Difference (LSD) test reveals statistically significant differences across 

groups that experienced differing litter sizes. 

NS means there was no discernible distinction between the groups (p > 0.05). 

S: p 0.05 indicates a statistically significant difference between groups 

HS = Very large and statistically significant difference (p 0.01) 
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Serum SOD 

Table 2 shows a significant decrease in SOD levels in the high-fat diet group (p<0.05) compared 

to Control group 1 and shows an increase in SOD levels in lipid-soluble treated antioxidants 

group 4 and water-soluble treated antioxidant group 3, and its significant (p<0.05) compared to 

another high-fat diet group 2 and control group 1 

Table 2: Effect of Different Antioxidants on Serum SOD level. 

Groups SOD (micromole/min/ml) F Statistic LSD P value 

G1: Control 3.358  0.440 b 

3.318 0.0351S G2: High fat fed group 2.396  1.116 a 

G3: Water soluble antioxidants 3.992  0.945 c 

G4: Lipid soluble antioxidants 4.208  0.417 c 

-Data presented as (mean standard error), with a sample size (N) of 5. 

The Least Squared Difference (LSD) test reveals statistically significant differences across 

groups that experienced differing litter sizes. 

NS means there was no discernible distinction between the groups (p > 0.05). 

S: p 0.05 indicates a statistically significant difference between groups 

HS = Very large and statistically significant difference (p 0.01) 

Serum GPx 

Table 3 shows a high significant decrease in GPx level in high-fat diet group 2 (P<0.01) 

compared to control group 1 and shows significant increase in GPx level in water-soluble 

antioxidant treated group 3 (p<0.01) and lipid soluble antioxidant group 4 compared to control 

group 1 and high-fat diet group 2. 

Table 3: Effect of Different Antioxidants on Serum GPx level. 

Groups GPx (U/L) F Statistic LSD P value 

G1: Control 825.104  15.793 b 

4.461 0.0016HS G2: High fat fed group 735.33   27.542 c 

G3: Water soluble antioxidants 926.038  119.371 a 

G4: Lipid soluble antioxidants 895.33  173.406 a 

-Data presented as (mean standard error), with a sample size (N) of 5. 

The Least Squared Difference (LSD) test reveals statistically significant differences across 

groups that experienced differing litter sizes. 

NS means there was no discernible distinction between the groups (p > 0.05). 

S: p 0.05 indicates a statistically significant difference between groups 

HS = Very large and statistically significant difference (p 0.01) 

Serum Total Cholesterol (TC) 

Table 4 show a highly significant (p ≤ 0.01) increase in serum TC in high-fat diet group 2 

compared to the other three groups and show a non-significant difference in Group 3 and Group 

4 antioxidant-treated group but there a significant difference between the control group 1 and 

group 3 and group 4. 
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Table 4: Effect of Different Antioxidants on Serum TC level. 

Groups TC (mg/dl) F Statistic LSD P value 

G1: Control 73.500  0.691 b 

3.932 0.0074HS G2: High fat fed group 88.532  1.153 a 

G3: Water soluble antioxidants 68.808  2.162 c 

G4: Lipid soluble antioxidants 70.114  3.573 c 

-Data presented as (mean standard error), with a sample size (N) of 5. 

The Least Squared Difference (LSD) test reveals statistically significant differences across 

groups that experienced differing litter sizes. 

NS means there was no discernible distinction between the groups (p > 0.05). 

S: p 0.05 indicates a statistically significant difference between groups 

HS = Very large and statistically significant difference (p 0.01) 

Serum Triglycerides (TG) 

Table 5 show a significant (p ≤ 0.05) increase in TG level in the high-fat diet group compared to 

the other three groups and show a significant decrease (p ≤ 0.05) in group 4, lipid-soluble 

antioxidant-treated compared to other groups.  

Table 5: Effect of Different Antioxidants on Serum TG level. 

Groups TG (mg/dl) F Statistic LSD P value 

G1: Control 92.134  5.839 b 

3.625 0.0286S G2: High fat fed group 101.730  12.094 a 

G3: Water soluble antioxidants 83.828  8.655 b c 

G4: Lipid soluble antioxidants 67.812  5.501 d 

-Data presented as (mean standard error), with a sample size (N) of 5. 

The Least Squared Difference (LSD) test reveals statistically significant differences across 

groups that experienced differing litter sizes. 

NS means there was no discernible distinction between the groups (p > 0.05). 

S: p 0.05 indicates a statistically significant difference between groups 

HS = Very large and statistically significant difference (p 0.01) 

Serum HDL 

Table 6 show a high significant (p ≤ 0.01) decrease in HDL levels in high-fat diet group 2 

compared to the other three groups and show significant increase (p ≤ 0.01) in HDL levels in 

antioxidants treated groups 3 & 4 compared to control group 1. 

Table 6: Effect of Different Antioxidants on Serum HDL level. 

Groups HDL (mg/dl) F Statistic LSD P value 

G1: Control 60.476  3.718 a 

4.292 0.0045HS G2: High fat fed group 40.530  2.244 d 

G3: Water soluble antioxidants 56.836  2.058 b 

G4: Lipid soluble antioxidants 52.404  5.956 c 

-Data presented as (mean standard error), with a sample size (N) of 5. 

The Least Squared Difference (LSD) test reveals statistically significant differences across 
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groups that experienced differing litter sizes. 

NS means there was no discernible distinction between the groups (p > 0.05). 

S: p 0.05 indicates a statistically significant difference between groups 

HS = Very large and statistically significant difference (p 0.01) 

Serum vLDL  

Table 7 show a significant increase in vLDL (p ≤ 0.05) in high-fat diet group 2 compared to the 

other three groups and show a significant (p ≤ 0.05) decrease in antioxidants treated groups 3 & 

4 compared to control and high-fat diet groups.  

Table 7: Effect of Different Antioxidants on Serum vLDL level. 

Groups VLDL (mg/dl) F Statistic LSD P value 

G1: Control 18.426  1.168 b 

3.112 0.0426S G2: High fat fed group 24.942  2.406 a 

G3: Water soluble antioxidants 16.760  1.731 c 

G4: Lipid soluble antioxidants 13.558  1.099 d 

-Data presented as (mean standard error), with a sample size (N) of 5. 

The Least Squared Difference (LSD) test reveals statistically significant differences across 

groups that experienced differing litter sizes. 

NS means there was no discernible distinction between the groups (p > 0.05). 

S: p 0.05 indicates a statistically significant difference between groups 

HS = Very large and statistically significant difference (p 0.01) 

Serum LDL  

Table 8 show a significant (p ≤ 0.05) increase in LDL levels in the high-fat diet group compared 

to the other three groups and show a decrease in LDL levels in the antioxidants groups 3 & 4 

compared to high-fat diet group (p ≤ 0.05) but not to control group 1 which is the lowest value.  

Table 8: Effect of Different Antioxidants on Serum LDL level. 

Groups LDL (mg/dl) F Statistic LSD P value 

G1: Control 31.446  4.015 d 

3.315 0.0329S G2: High fat fed group 45.944  1.024 a 

G3: Water soluble antioxidants 35.732  1.592 b 

G4: Lipid soluble antioxidants 33.124  4.624 c 

-Data presented as (mean standard error), with a sample size (N) of 5. 

The Least Squared Difference (LSD) test reveals statistically significant differences across 

groups that experienced differing litter sizes. 

NS means there was no discernible distinction between the groups (p > 0.05). 

S: p 0.05 indicates a statistically significant difference between groups 

HS = Very large and statistically significant difference (p 0.01) 
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Discussion 

There is mounting evidence linking the pathophysiology of nonalcoholic fatty liver disease 

(NAFLD) to elevated oxidative stress caused by an increase in free radical generation due to a 

high-fat diet combined with a reduction in antioxidant defences. (17) Excessive consumption of 

a high-fat diet has been shown to increase mitochondrial respiration, leading to elevated 

superoxides, free radicals, and oxidative stress. The studies show that antioxidants decrease the 

level of oxidative biomarkers. Table 1 shows a significant increase in MDA levels in high-fat 

diet-fed group 2 that the high-fat diet increased oxidative biomarkers and caused various 

(18)inflammatory processes leading to liver disease and cardiovascular disease compared to 

MDA levels in the control group 1, while antioxidant groups 3 &4 show decrease in MDA level 

that indicates of antioxidant effect on reverse oxidative stress (19)and lead to decrease the 

harmful effect of high-fat diet many studies showing the effectiveness of lipid and water soluble 

antioxidants on decrease the MDA level.(20) 

Table 2 show a significant decrease in SOD levels in the high-fat diet group (p<0.05) compared 

to Control group 1 that indicates high-fat diet decreases SOD level and increase free radicals 

activity, leading to oxidative stress activity (21)and Table 2 shows an increase in SOD levels in 

lipid-soluble treated antioxidants group 4 and water-soluble treated antioxidant group 3 and its 

significant (p<0.05) compare to another high-fat diet group 2 and control group 1 that indicate 

antioxidant intake lead to increase SOD activity and decrease free radicals and reduce oxidative 

stress as many studies show that benefit of antioxidant.(22)(18) 

Table 3 shows a highly significant decrease in GPx level in high-fat diet group 2 (P<0.01) 

compared to control group 1. Many studies show high fat-rich diet induces oxidative stress and a 

decline in GPx level (23), with a significant increase in GPx level in water-soluble antioxidant-

treated group 3 (p<0.01) and lipid soluble antioxidant group 4 compared to the control group 1 

and high-fat diet group 2 Many studies show that antioxidant increase glutathione peroxidase 

activity. (24)(25) 

Table 4 shows a highly significant (p ≤ 0.01) increase in serum TC in high-fat diet group 2 

compared to the other three groups, that mean high-fat diet increases total cholesterol and 

increases lipid peroxidation and oxidative stress and liver injury and atherosclerosis risk and 

Diabetics risk factor, in contrast to high-fat group Antioxidant group 3 & 4 show a significant 

decrease in total cholesterol and decrease the risk of liver injury by reducing lipid peroxidation 

and oxidative stress and Cardiovascular risk factor by decreasing lipid profile.(26) (27) 

Table 5 shows a significant (p ≤ 0.05) increase in TG level in the high-fat diet group compared to 

the other three groups. This means a High-fat diet increases TG and increases the risk of NAFLD 

and cardiovascular and stroke risk (28)in otherwise, Table 5 showed a significant decrease (p ≤ 

0.05) in group 4, lipid-soluble antioxidant-treated compared to other groups. Many studies show 

that co-Q10 can decrease TG levels and contrast the high-fat diet effect.(29)  

Table 6 shows high significant (p ≤ 0.01) decrease in HDL levels in high-fat diet group 2 

compared to the other three groups, which means that a high-fat diet decreases the good type of 

lipoprotein and increases bad ones and increases liver injury and cardiovascular disease and 

show a significant increase (p ≤ 0.01) in HDL levels in antioxidant-treated groups 3 & 4 

compared to control group 1many studies show antioxidants increase HDL and improve lipid 

profile. When patients with Hyperlipidemia take L-carnitine supplements, their HDL cholesterol 

and triglyceride levels improve significantly compared to when they took a placebo.(30) 

Table 7 shows a significant increase in vLDL (p ≤ 0.05) in high-fat diet group 2 compared to the 

other three groups and show a significant (p ≤ 0.05) decrease in antioxidants treated groups 3 & 

4 compared to control and high-fat diet groups many studies show high-fat diet increase vLDL 

and all Noxious lipoprotein (31) and many studies show antioxidant decrease level of vLDL and 
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protect action on liver and another vital system(32) 

Table 8 show a significant (p ≤ 0.05) increase in LDL levels in the high-fat diet group compared 

to the other three groups, which indicate that a high-fat diet increases LDL level and increase 

fatty liver risk and oxidative stress damage action and increase cardiovascular diseases (33) and 

Antioxidants groups 3 & 4 show decrease in LDL levels compared to high-fat diet group (p ≤ 

0.05) but not to control group 1 which is the least value Many studies show that antioxidant are 

decrease the level of LDL and have protective action on liver and cardiovascular system against 

atherosclerosis(34) 

Conclusion 

Oral administration of water or lipid soluble antioxidants like L-carnitine and vitamin C or 

Coenzyme 10 and alpha lipoic acid as a combination in treated Hyperlipidemai shows 

improvement in lipid profile biomarkers. Avoid a high-fat diet because it’s associated with 

harmful effects through increased oxidative stress biomarker and lipid profile, leading to obesity, 

liver disease, atherosclerosis risk and diabetic disease. A significant decrease in MDA levels in 

antioxidant-treated groups was associated with a decreased oxidative stress effect and an 

increase in GPx and SOD levels as the scavenger action of antioxidants against free radicals. 
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