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Introduction 
Environmental pollutants are taken into the body by 

inhalation, swallowing, or skin contact (1). They have 
devastating effects on human health, causing diseases like 
diabetes mellitus (DM) (2). The high prevalence of DM is of great 
concern not only for human health but also for its social and 

economic implications and burden on national development. 
Genetic predisposition, overnutrition, and physical inactivity play 
key roles in the etiology of DM. Nevertheless, neither these well-
recognized risk factors nor genetic predispositions can explain 
the rapid rise in the prevalence of DM. Increased manufacturing 
rate of pollutants coincides with the prevalence of diabetes (3), 
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ABSTRACT

Aims: We assessed the ameliorative effect of virgin coconut oil (VCO) following atrazine 
(ATZ) and diabetes-induced lipid profile derangements in rats. 

Methods: Male Wistar rats (n=35) in the test group were divided into five groups (n=7): 
Groups 1, 2, and 3 received 10 mL/kg distilled water, 10 mL/kg VCO, and 123 mg/kg 
ATZ, respectively. Group 4 consisted of the untreated diabetic animals and Group 5 
consisted of diabetic animals treated with 10 mL/kg of VCO for 2 weeks. The recovery 
group rats (n=35) were divided into five groups (n=7): Groups 1 and 2 received 10 mL/kg 
of distilled water and VCO, respectively. Groups 3, 4, and 5 received 123 mg/kg ATZ for 
2 weeks. After 2 weeks, Group 1, Group 2, and Group 3 continued the initial treatment, 
whereas Group 4 and Group 5 received 10 mL/kg of VCO and 10 mL/kg of distilled water, 
respectively. Blood samples were collected after 2 weeks.

Results: From Group 1 to Group 5 in the test group, differences were observed in high-
density lipoprotein cholesterol (HDL-C) levels (56.20±0.86 mg/dL, 66.00±0.71 mg/dL, 
42.60±0.93 mg/dL, 33.80±1.16 mg/dL, and 52.60±1.17 mg/dL, respectively, p<0.05) and 
low-density lipoprotein cholesterol (LDL-C) levels (39.20±1.16 mg/dL, 44.00±1.52 mg/dL, 
69.80±0.37 mg/dL, 75.20±0.86 mg/dL, and 61.60±1.29 mg/dL, respectively, p<0.05). In 
the recovery group, HDL-C levels were higher in Group 4 than in Group 3 (40.40±0.51 
mg/dL vs. 32.20±0.80 mg/dL, p<0.001), LDL-C levels were lower (45.40±0.87 mg/dL vs. 
66.60±1.08 mg/dL, p<0.001).

Conclusions: ATZ and diabetes mellitus induction reduced HDL and increased LDL 
levels, which were reversed by VCO administration.
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constituting new risk factors for this multi-factorial disease. 
Thus, understanding how environmental risk factors influence 
the development and progression of DM can lead to further 
improvements in public health. Atrazine (ATZ) is one of the 
most widely used herbicides that was reported to be above the 
limits in water bodies (4). The Environment Protection Agency 
classifies ATZ as class 3 toxicity on a scale of 1-4 (scale 1 as 
the most toxic). ATZ is an endocrine-disrupting pesticide by the 
US Environmental Protection Agency (5). The primary target of 
ATZ in humans and animals is the endocrine (hormonal) system 
(6), which could ultimately disrupt the regulatory and metabolic 
activities of the body.

Virgin coconut oil (VCO) is an unprocessed oil obtained from 
the mature and fresh kernel of the coconut fruit by mechanical or 
natural means, with or without mild heat (7). VCO is rich in lauric 
acid, an essential fatty acid that transforms into monolaurin 
acid which is an anti-viral and anti-parasite (8). VCO shows 
hypoglycemic actions by enhancing glucose, insulin, and 
estrogen metabolism (9) and by ameliorating oxidative stress 
induced in type 1 DM-induced rats (10). VCO also ameliorates 
low-density lipoprotein (LDL) in diabetes-induced male rats (11) 
and restores ATZ-deranged glucose transporter-4 receptors in 
male Wistar rats (12). 

Because plasma lipid level follow-up and proper diet are 
paramount in preventing the prevalence of certain risk factors 
(e.g., obesity) associated with DM (11), VCO’s effects on 
high-density lipoprotein may be used in the management and 
prevention of diabetes and possibly ATZ toxicity. Thus, this study 
aimed to test the effects of VCO administration following ATZ 
and diabetes-induced lipid profile derangements in rats.

Methods

Experimental design and groups 

Adult male Wistar rats (180-200 g) maintained at the animal 
house unit of the Department of Physiology, Faculty of Basic 
Medical Sciences, University of Calabar were kept in a well-

ventilated space to acclimatize, fed with rat chow, and allowed 
water “ad libitum” for two weeks. After the acclimatization period, 
the animals were weighed, and fasting blood glucose levels were 
measured before commencing the experimental treatment.

The rats were randomly divided into two main experimental 
groups (the test and recovery groups), with 35 rats in each 
group. The experiments lasted two weeks in the test group and 
four weeks in the recovery group. 

The rats in the test group were randomly divided into five 
subgroups of 7 animals (n=7) and fed oral gavage. Group 1 
served as the healthy controls and received 10 mL/kg distilled 
water. Group 2 received 10 mL/kg VCO, and Group 3 received 
123 mg/kg (20% of lethal dose) ATZ. Group 4 consisted of 
untreated diabetic animals and Group 5 consisted of diabetic 
animals treated with 10 mL/kg of VCO. The animals were 
examined after 2 weeks, and blood samples were collected 
(Table 1).

During the two weeks, 35 rats in the recovery group were 
also divided into five subgroups of 7 rats (n=7) and received 
the following treatments: Group 1 served as healthy controls 
and received 10 mL/kg body weight of distilled water, Group 2 
received 10 mL/kg of VCO, and Group 3, Group 4, and Group 
5 received 123 mg/kg of ATZ. After 2 weeks, the animals were 
re-treated for recovery and were treated as follows: Group 1 
continued the initial treatment, receiving 10 mL/kg body weight 
of distilled water; Group 2 received 10 mL/kg of VCO; Group 
3 received 123 mg/kg of ATZ; Group 4 received 10 mL/kg of 
VCO; and Group 5 received 10 mL/kg of distilled water. After 
two weeks of the recovery treatment period, the animals were 
sacrificed and blood samples were collected (Table 1).

Experimental procedures

Induction of diabetes mellitus 

Diabetes was induced intraperitoneally using 150 mg/
kg body weight of alloxan monohydrate (13). Polyuria and 
glucosuria were observed for approximately 48 hours. After 72 

Table 1. Experimental groups and treatments

Groups
Treatments
Test group (n=35) Recovery group (n=35) (4 weeks)
2 weeks  1st 2 weeks  2nd 2 weeks

Group 1* (n=7) 10 mL/kg of distilled water 10 mL/kg of distilled water 10 mL/kg of distilled water

Group 2* (n=7) 10 mL/kg of virgin coconut oil
10 mL/kg of virgin coconut 
oil

10 mL/kg of virgin coconut oil

Group 3* (n=7) 123 mg/kg (20% of lethal dose) of 
atrazine

123 mg/kg (20% of lethal 
dose) of atrazine

123 mg/kg (20% of lethal dose) of 
Atrazine

Group 4** (n=7) 10 mL/kg of distilled water 
123 mg/kg (20% of lethal 
dose) of atrazine

10 mL/kg of virgin coconut oil

Group 5** (n=7) 10 mL/kg of virgin coconut oil
123 mg/kg (20% of lethal 
dose) of atrazine

10 mL/kg of distilled water 

*Normal rat, ** Diabetic rat 
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hours, diabetes was confirmed with a blood glucose level of 
180-200 mg/dL and above using a glucometer (ACCU-CHECK
Active) and ACCU-CHECK compatible glucose test strips.

Virgin coconut oil preparation

VCO was extracted from mature dried coconut using a 
modified wet extraction method (14). The solid endosperm of 
mature coconut was crushed into a thick slurry. Approximately 
500 mL of water was added to the slurry and squeezed through 
a fine sieve to obtain coconut milk. The resultant coconut milk 
was left for approximately 18 hours to facilitate the gravitational 
separation of the emulsion. Demulsification produced layers of 
an aqueous phase (water) at the bottom, an oil phase in the 
middle layer, and an emulsion phase (cream) on top. The cream 
on the top was removed, and the oil was scooped and warmed 
for about 5 minutes to remove moisture. The obtained oil was 
then filtered and stored at room temperature.

Median lethal dose

The toxicity of ATZ was assessed using Lorke’s method (15), 
involving the administration of the chemical to the animals and 
observation for mortality within 24 hours, which was achieved 
as follows:

a. Twelve Swiss albino mice were fasted and weighed.

b. The animals were subgrouped into four groups for graded
intraperitoneal doses of 1250 mg/kg (1.25 g/kg), 1000 mg/
kg (1.00 g/kg), 750 mg/kg (0.75 g/kg), and 500 mg/kg (0.50
g/kg).

c. The administration was based on body weight, and the
experimental mice were examined 24 hours after dosage
administration.

d. There were physical signs of toxicity in the groups
administered with doses of 1,250, 1,000, and 750 mg/kg,
and mortality was recorded.

e. No physical signs of toxicity or mortality were recorded in
animals administered a 500 mg/kg dose (Table 2).

Evaluation of the lipid profile

Measurement of high-density lipoprotein-cholesterol,
low-density lipoprotein-cholesterol, and very low-density 
lipoprotein-cholesterol concentrations

We used a Cell Biolabs HDL-C and LDL-C/VLDL-C assay 
kit [United States (USA)] to measure the HDL-C, LDL-C, and 
VLDL-C levels (16). 

Preparation of high-density lipoprotein cholesterol, 
low-density lipoprotein-cholesterol, and very low-density 
lipoprotein-cholesterol fractions

First, 200 μL of serum and 200 μL of precipitation reagent 
were added to a microcentrifuge tube and mixed well with 
cortexin. The mixture was incubated for 5-10 minutes at room 

temperature (20-25°C) for precipitation and centrifuged at 2000 
x g (5000 rpm) for 20 min (the pellet should be visible). The 
supernatant (HDL-C fraction) was carefully transferred into 
a new tube, leaving the pellet (LDL-C/VLDL-C fraction). The 
pellet was resuspended and dissolved in 400 μL of phosphate-
buffered saline and mixed well to ensure that the pellet (LDL-C/
VLDL-C fraction) was completely dissolved before testing. 

Assays for high-density lipoprotein cholesterol and low-
density lipoprotein-cholesterol levels

First, 50 μL of the diluted cholesterol standard or sample was 
added to a 96-well microtiter plate. Then, 50 μL of the prepared 
cholesterol reaction reagent was added and mixed thoroughly. 
The wells were covered to protect them from light and incubated 
for 45 minutes at 37 ºC. The plate was immediately read with 
a fluorescence microplate reader equipped for excitation in the 
530-570 nm range and emission in the 590-600 nm range.

Estimation of total cholesterol concentration

We used a Cell Biolabs total cholesterol (TC) assay kit (USA) 
to measure TC levels as described by Ghezzi et al. (16). 

Assay procedure

First, 50 μL of the diluted cholesterol standard or sample 
was added to a 96-well microtiter plate. Then, 50 μL of the 
pre-pared cholesterol reaction reagent was added and mixed 
thoroughly. The plate was covered to protect it from light and 
incubated for 45 minutes at 37 ºC. The plate was immediately 

Table 2. Dosages of lethal concentrations
Dose-1250 mg/kg
Mice Body weight Dosage 
T1 25.60 g 0.64 mL

T2 25.23 g 0.63 mL

T3 26.04 g 0.66 mL

Dose-1000 mg/kg
Mice Body weight Dosage 
T4 28.18 g 0.56 mL

T5 27.63 g 0.55 mL

T6 24.45 g 0.49 mL

Dose-750 mg/kg
Mice Body weight Dosage 
T7 26.37 g 0.40 mL

T8 27.53 g 0.41 mL

T9 22.90 g 0.34 mL

Dose-500 mg/kg
Mice Body weight Dosage 
T10 19.70 g 0.20 mL

T11 21.40 g 0.21 mL

T12 27.60 g 0.28 mL
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read with a spectrophotometric microplate reader in the 540-
570 nm range. The cholesterol concentration was calculated by 
comparing the sample absorbance values with the cholesterol 
standard curve. The study was approved by the Local Ethics 
Committee for Animal Experiments (decision no: 022PY30417, 
date: 27.06.2017).

Statistical Analysis
Statistical analysis was performed using IBM SPSS 

Statistics for Windows version 20.0 (IBM Corp., Armonk, NY: 
USA, released 2011). The data were analyzed using the one-
way analysis of variance followed by Tukey’s post-hoc test and 
expressed as mean±standard error of mean. A p-value <0.05 
was considered significant.

Results

High-density lipoprotein cholesterol levels in the test 
groups

There was a significant increase in the HDL-C levels in Group 
2 compared with Group 1 (66.00±0.71 mg/dL vs. 56.20±0.86 
mg/dL, p<0.001), and in Group 3 compared with Group 1 and 
Group 2 (42.60±0.93 mg/dL vs. 56.20±0.86 mg/dL, p<0.001 
and 66.00±0.71 mg/dL, p<0.001, respectively). There was a 
reduction in HDL-C levels In Group 4, compared with Groups 1, 
2, and 3 (33.80±1.16 mg/dL vs. 56.20±0.86 mg/dL, 66.00±0.71 
mg/dL, and 42.60±0.93 mg/dL, p<0.001, respectively). HDL-C 
levels significantly increased in Group 5, compared with Group 
3 and Group 4 (52.60±1.17 mg/dL vs. 42.60±0.93 mg/dL, and 
33.80±1.16 mg/dL, p<0.001, respectively) (Table 3).

High-density lipoprotein cholesterol levels in the 
recovery group

HDL-C levels decreased significantly in Group 3 compared 
with Group 1 and Group 2 (32.20±0.80 mg/dL vs. 57.52±0.35 mg/
dL, and 66.25±0.82 mg/dL, p<0.001, respectively). HDL-C levels 
increased in Group 4 compared with Group 3 (40.40±0.51 mg/dL 
vs. 32.20±0.80 mg/dL, p<0.001) but decreased when compared 
with Group 1 and Group 2 (40.40±0.51 mg/dL vs. 57.52±0.35 
mg/dL and 66.25±0.82 mg/dL, p<0.001, respectively). There 
was no significant difference in the HDL-C levels between Group 
5 and Group 3 (p=0.204), while it was significantly lower than in 
Group 1, Group 2, and Group 4 (p<0.001 for all) (Table 4).

Low-density lipoprotein-cholesterol levels in the test 
groups

The mean values for LDL-C levels were 39.20±1.16 mg/dL, 
44.00±1.52 mg/dL, 69.80±0.37 mg/dL, 75.20±0.86 mg/dL and 
61.60±1.29 mg/dL in Group 1, Group 2, Group 3, Group 4, and 
Group 5, respectively. There was a significant increase in LDL-C 
levels in Group 2 compared with Group 1 (p=0.044). There was 
an increase in LDL-C levels in Group 3 compared with Group 1 
and Group 2 (p<0.001, for both). LDL-C level was also higher 
in Group 4 than in Group 1 (p<0.001), Group 2 (p<0.001), and 
Group 3 (p=0.02). LDL-C level decreased significantly in Group 
5 compared with Group 3 and Group 4 but remained higher than 
in Group 1 and Group 2 (Table 3).

Table 3. Comparison of HDL-C, LDL-C, and TC levels among the test groups (n=35)
Groups Group 1 (n=7) Group 2 (n=7) Group 3 (n=7) Group 4 (n=7) Group 5 (n=7)
HDL-C
(mean±SEM) 56.20±0.86 66.00±0.71a 42.60±0.93a,b 33.80±1.16a,b,c 52.60±1.17b,c,d

LDL-C
(mean±SEM) 39.20±1.16 44.00±1.52 69.80±0.37a,b 75.20±0.86a,b,c 61.60±1.29a,b,c.d

TC
(mean±SEM) 39.80±1.16 44.40±1.08a 65.60±1.03a,b 72.20±0.86a,b,c 58.60±1.29a,b,c,d

a= p<0.05 vs. Group 1, b= p<0.05 vs. Group 2, c= p<0.05 vs. Group 3, d= p<0.05 vs. Group 4.
HDL-C: High-density-lipoprotein cholesterol, LDL-C: Low-density-lipoprotein cholesterol, TC: Total cholesterol, SEM: Standard error of the mean

Table 4. Comparison of HDL-C, LDL-C, and TC levels among the recovery groups (n=35)
Groups Group 1 (n=7) Group 2 (n=7) Group 3 (n=7) Group 4 (n=7) Group 5 (n=7)
HDL-C
(mean±SEM) 57.52±0.35 66.25±0.82a 32.20±0.80a,b 40.40±0.51a,b,c 34.40±0.51a,b,d

LDL-C
(mean±SEM) 39.82±1.78 44.32±1.65 66.60±1.08a,b 45.40±0.87a.c 56.80±1.46a,b,c,d

TC
(mean±SEM) 40.00±1.20 44.55±0.84a2 73.00±0.71a,b 57.40±0.51a,b,c 64.20±0.80a,b,c,d

a= p<0.05 vs. Group 1, b= p<0.05 vs. Group 2, c= p<0.05 vs. Group 3, d= p<0.05 vs. Group 4.
HDL-C: High-density-lipoprotein cholesterol, LDL-C: Low-density-lipoprotein cholesterol, TC: Total cholesterol, SEM: Standard error of the mean
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Low-density lipoprotein-cholesterol levels in the 
recovery group

LDL-C levels increased significantly with continuous use 
of ATZ in Group 3 compared with Group 1 (66.60±1.08 mg/dL 
vs. 39.82±1.78 mg/dL, p<0.001), and Group 2 (66.60±1.08 mg/
dL vs. 44.32±1.65 mg/dL, p<0.001). LDL-C level was higher 
in Group 4 than in Group 1 (45.40±0.87 mg/dL vs. 39.82±1.78 
mg/dL, p=0.016), but lower than in Group 3 (45.40±0.87 mg/dL 
vs. 66.60±1.08 mg/dL, p<0.001). LDL-C levels were higher in 
Group 5 than Group 1 (p<0.001), Group 2 (p<0.001), and Group 
4 (p<0.001) but lower than Group 3 (p<0.001) (Table 4).

Total cholesterol levels in the test groups

There was a significant increase in TC levels in Group 2 
compared with Group 1 (44.40±1.08 mg/dL vs. 39.80±1.16 mg/
dL, p=0.044). TC levels were significantly higher in Group 3 than 
in Group 1 and Group 2 (65.60±1.03 mg/dL vs. 39.80±1.16 mg/
dL, p<0.001, and 44.40±1.08 mg/dL, p<0.001, respectively). 
A significant increase in TC levels was observed in Group 4 
compared with Group 1 (p<0.001), Group 2 (p<0.001), and 
Group 3 (p=0.020). There was a decrease in TC levels in 
Group 5 compared with Group 3 and Group 4 (58.60±1.29 mg/
dL vs. 65.60±1.03 mg/dL, p<0.001, and 72.20±0.86 mg/dL, 
p=0.001, respectively) but an increase in TC levels compared 
with Group 1 and Group 2 (58.60±1.29 mg/dL vs. 39.80±1.16 
mg/dL, p<0.001, and 44.40±1.08 mg/dL, p<0.001, respectively) 
(Table 3).

Total cholesterol levels in the recovery group

There was an increase in the TC levels in Group 3 
compared with Group 1 and Group 2 (73.00±0.71 mg/dL vs. 
40.00±1.20 mg/dL, p<0.001, and 44.55±0.84 mg/dL, p=0.026, 
respectively). Following VCO administration, TC levels in Group 
4 decreased when compared with Group 3 (57.40±0.51 mg/dL 
vs. 73.00±0.71 mg/dL, p<0.001) and increased when compared 
with Group 1 and Group 2 (57.40±0.51 mg/dL vs. 40.00±1.20 
mg/dL, p<0.001, and 44.55±0.84 mg/dL, p<0.001, respectively). 
TC levels in Group 5 were lower than Group 3 but higher than 
Group 1 (p<0.001), Group 2 (p<0.001), and Group 4 (p=0.001) 
(Table 4).

Discussion
This study determined the effects of VCO treatment in 

diabetes and ATZ-induced lipid profile derangements in rats. 
ATZ decreased HDL-C levels and increased LDL-C and TC 
levels, which reversed after VCO treatment. VCO administration 
for 14 days did not alter LDL-C and TC levels in control rats, 
suggesting that VCO did not negatively impact the lipid profile 
in healthy animals. Dyslipidemia in diabetes is characterized by 
reduced HDL-C and elevated LDL-C or triglyceride (TG) levels 
(17,18). The current findings are in agreement with a study by 
Eleazu et al. (19) that also reported no alterations in lipid profiles 

in healthy rats fed with 5 mL/kg VCO for 21 days. Margata et al. 
(20) reported that rats fed VCO and hydrolyzed VCO had higher
TC levels than rats administered atorvastatin. Famurewa et al.
(21) also reported that 10% and 15% VCO supplementation
for 35 days considerably reduced TC, TG, LDL-C, and VLDL-C
levels, accompanied by a significant increase in HDL-C levels,
compared with the control rats. Nevin and Rajamohan (22)
observed that VCO supplementation improved TG and LDL-C
levels but not serum and tissue HDL-C levels. In another study,
VCO reduced serum TC and prevented LDL-C oxidation, a
vital process in atherosclerotic plaque formation (14). It was
suggested that approximately 60% of the medium-chain fatty
acids, pre-dominantly lauric acid and myristic acid (52% and
15%, respectively (23), present in VCO and may mediate the
beneficial effect of VCO on lipid metabolism. The discrepancy
in these results could be due to the length of the experiments
and the different doses administered, as also suggested
by Famurewa et al. (21). The results of this study indicated
alterations in the lipid profiles of ATZ-treated and diabetic rats
compared with healthy rats fed distilled water and VCO.

We observed a significant reduction in the HDL-C levels in 
Group 4. HDL-C is “The good cholesterol” because it is a free 
radical scavenger that can prevent lipoprotein peroxidation. 
High levels of HDL-C have been considered a good indicator 
of a healthy heart (20). Hypertriglyceridemia and low levels 
of HDL-C are the most common lipid abnormalities related to 
DM (24). This finding is in line with the studies by Sheweita 
et al. (25) and Sadri et al. (26) that also reported a significant 
decrease in HDL-C levels in streptozotocin-induced diabetic 
rats compared with healthy rats. Upon administration of VCO to 
the treated diabetic rats in Group 5, we observed a significant 
increase in the HDL-C levels compared with Group 4, which was 
the untreated diabetic group, indicating that the administration 
of VCO to diabetic rats helped increase their HDL levels. VCO 
has anti-oxidant, hypolipidemic, and anti-thrombotic properties 
(27), supporting the study by Margata et al. (20) that reported an 
improvement in HDL-C levels in dyslipidemic rats following VCO 
administration. Feoli et al. (28) also reported an increase in HDL 
levels in rats fed coconut oil (CO). When VCO was administered 
for longer, HDL-C levels may be restored to normal in diabetic 
rats because a slight enhancement was noticed in Group 2 
compared with Group 1.

LDL-C and TC levels increased in Group 4; however, LDL-C 
and TC levels decreased after VCO treatment in Group 5. Thus, 
although diabetes is associated with an increased lipid profile, 
VCO administration can mitigate lipid derangement over time 
(29). This finding is consistent with a previous study that showed 
the anti-atherogenic and hypocholesterolemic activity of VCO 
(22). Another research group reported the hypolipidemic and anti-
peroxidative effects of CO proteins in hypercholesterolemic rats 
fed a high-fat diet (30). The beneficial effects of CO on reducing 
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circulating lipoprotein levels and lipoprotein disposition may be 
associated with its biologically active polyphenol compounds 
(30,31). VCO has numerous beneficial effects on health, 
including reducing total cholesterol, TG, and phospholipid levels 
(32). The decreased TC and LDL-C levels in the VCO-treated 
group suggested reduced lipolysis by hormone-sensitive lipase 
due to increased insulin secretion or sensitivity (19). 

ATZ administration in Group 3 caused a significant decrease 
in HDL-C levels, whereas there was a concomitant elevation in 
TC and LDL-C levels. This finding is consistent with a report by 
Mohammad et al. (33) that also observed a similar disruption in 
lipid profile after ATZ supplementation. This observation could 
result from the down-regulation of the steroidogenic activity of 
cholesterol, a precursor for steroidogenesis that decreases the 
end products and cholesterol production (34). The increase in 
serum LDL-C levels may be associated with the inhibition of 
scavenger receptor β1 by ATZ, as suggested by Pogrmic et 
al. (34). The inhibition of the scavenger receptor β1 increases 
LDL-C levels (35), whereas its overexpression decreases LDL-C 
levels (36). Such lipid profile changes may be related to the toxic 
effects of ATZ on lipid metabolism. 

In the recovery groups, we observed that VCO 
supplementation did not significantly increase HDL-C levels 
in Group 4 compared with Group 5, although there was a 
marginal increase, which may be associated with the length of 
the recovery period of the experiment. However, LDL-C levels 
decreased in Group 4, which possibly contributed to recovery 
after VCO administration (22). Other studies reported that 
VCO supplementation considerably reduced TC, TG, LDL-C, 
and VLDL-C levels while increasing the HDL-C levels, which 
were higher than those of the controls (21,22). VCO also 
restored lipid parameters in hyperlipidemic animal models 
(20,21). Mohammad et al. (33) reported that clomiphene citrate 
treatment resulted in a dose-dependent improvement in serum 
lipid levels, a decrease in serum cholesterol, TG, LDL-C, and 
VLDL-C levels, and an increase in serum HDL-C levels in male 
and female rats (33). Ngala et al. (37) observed increases in 
TC levels with groundnut oil (GO) and CO administration. In 
addition, LDL-C levels increased in the CO group, HDL-C levels 
increased in the GO and CO groups, and TG levels increased 
in the GO group. Although TC levels increased in the CO group, 
cardiovascular risk decreased.

The polyphenol fraction from VCO has an advantage 
over other oils in reducing LDL-C oxidation (22). Several 
studies have revealed the anti-oxidant activity of polyphenolic 
substances, especially in red wine and olive oil (38). These 
polyphenolic compounds might trap reactive oxygen species 
in aqueous components such as plasma and interstitial fluid of 
the arterial wall, thereby inhibiting LDL oxidation and showing 
anti-atherogenic activity. In addition, these compounds can 
reverse cholesterol transport and reduce intestinal cholesterol 

absorption (39). The cholesterol-lowering activity of VCO may 
be partly attributed to this process. Previous research has 
demonstrated the mitigation of ATZ and diabetes-induced 
oxidative stress by VCO administration by enhancing deranged 
oxidative stress markers such as superoxide dismutase, 
catalase, and glutathione peroxidase (40).

This study has several limitations. First, we did not determine 
the fatty acid content of the samples. Second, we did not perform 
a phytochemical analysis of the active components of VCO.

Conclusion
In conclusion, this study elucidated diabetes- and ATZ-

induced lipid profile derangement and confirmed the role of VCO 
in restoring the deranged lipid profile.
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