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Abstract

Dyslipidemia is considered as the most common risk factor for cardiovascular diseases, cerebrovascular diseases,
and fatty liver disease. The available therapy aimed to decrease lipid profile and reduced long-term risk which do
require lifelong therapy, hence adverse effects are suggestive. The goal of the present study is to compare the anti-
hyperlipidemic influence and hepatic side effects of CoQ10 and gemfibrozil in the hyperlipidemic male rats model.
Twenty-five albino rats were divided into 5 groups: group 1(normal group), group 2 (olive oil group), group
3(hyperlipidemia-induced group) group 4 (CoQ10-treated group), and group 5 (gemfibrozil-treated group). Induction
of hyperlipidemia lasts for 90 days and treatment lasts for 30 days. Serum liver enzyme analysis and liver histological
study conducted to demonstrate the safety profile of the treatment agents. Analysis of the data revealed that the lipid
profile parameters (except HDL) and liver enzymes were significantly (p< 0.001) higher in the hyperlipidemic group
(Group 3) compared to either the control group (Group 1) or olive oil group. Using CoQ10 (Group 4) and gemfibrozil
(Group 5) has revealed that the lipid parameters and liver enzymes were significantly (p<0.001) lower compared to
the hyperlipidemic group (Group 3). Compared to control group, liver showed congestion of sinusoids, severe necrosis
of hepatocytes, vacuolar degradation, and infiltration of inflammatory cells, these effects reversed in presence of
CoQ10. Compared to gemfibrozil, CoQ10 provides safer and equally effective option for treatment of dyslipidemia
represented by improved lipid parameters and liver enzymes alongside protected hepatic architecture.
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1. INTRODUCTION
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or more types of plasma lipids such as triglyceride
(TG), total cholesterol (CHO), cholesterol esters,
phospholipids, or plasma lipoproteins (VLDL-C,
LDL-C), with a reduction in the plasma levels of
(HDL-C). Currently, plasma lipid elevation has been
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considered one of the most serious factors associ-
ated with a risk for cardiovascular diseases (CVDs)
[1]. According to the European Social Survey, 9.2%
of people in Europe reported having hyperlipidemia-
induced- disorders in the cardiovascular system in
2014. Cardiovascular diseases continue to be the
most prevalent globally (31.5%) among the top
eight major causes of death in elderly adults [2].
However, anti-hyperlipidemic drugs especially
statins and fibrates which have considerable harm-
ful effects on muscles and the liver, continue to be
the most often used anti-hyperlipidemic drugs for
treating dyslipidemia [3]. Gemfibrozil is a fibrate, an-
tihyperlipidemic medication used to treat people
with Type IV and Type V hyperlipidemia. It success-
fully decreases high serum levels of triglycerides
(TG), very low-density lipoprotein cholesterol
(VLDL), and total cholesterol (TC). gemfibrozil is
prescribed to people who are at risk for cardiovas-
cular disease, coronary vascular disorders, and
other lipid-related illnesses. Also, gemfibrozil is
most successful in patients who have not re-
sponded to a typical weight loss diet, exercise, and
antihyperlipidemic medications [4].

Nearly all human cells are factories for synthe-
sis (CoQ10) which is a lipid-soluble antioxidant
that is essential for energy synthesis in
mitochondria [5]. CoQ10 is a vital part of the
mitochondrial electron transport chain, where it
aids in the generation of adenosine triphosphate
(ATP) via redox processes [6]. CoQ1l0 is
distributed in different body organs, with notably
high amounts found in the heart, kidney, and liver
[7]. As people age, their levels of CoQ10 decline
and their redox processes change from reduced to
oxidized states in the pancreas, heart, and
plasma. This oxidation is accompanied by a
reduction in antioxidant capacity, which affects the
blood's ability to protect tissues and maintain of
normal value of lipoproteins [8,9] and may raise
the risk of type 2 diabetes mellitus (T2DM) and
CVD [10]. Furthermore, CoQ10 acts indirectly
against oxidative stress by helping the
regeneration of the antioxidants vitamin C and vit-
amin E [11]. Additionally, research shows that
CoQ10 has anti-inflammatory effects [12].

This study is designed to differentiate between
the influence of CoQ10 and gemfibrozil on hyper-
lipidemia along with its effect on the liver tissue of
experimental male rats.

2. MATERIALS AND METHODS

Animal purchasing and acclimatization: Twenty-five
male Albino Wistar rats were kindly provided by the
Animal House of the College of Veterinary
Medicine/University of Mosul. The rats weighed
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between (263-360 g). The study was ethically ap-
proved by the Scientific and ethical committee in the
university (Approval Letter UM.VET.2022.071). Be-
fore the experiment, the rats of the study were ac-
climatized for 7 days in animal houses in plastic
cages in the College of Veterinary Medicine under
a controlled medium of ambient temperature, and
ventilation, a natural light-dark cycle, and allowed
free access to regular diet and water [13-15].

Preparation of treatments: Preparation of cho-
lesterol solution for induction of hyperlipidemic state
in rats:1200 mg of Cholesterol (Cholesterol powder
| Spain) was dissolved in 40 ml of pre-heated olive
oil (Basso/Spain) to prepare the daily dose of 30 mg
/ml/rat[16].

Preparation of Coenzyme Q10 solution: 50 mg
tablet of Coenzyme Q10 (Windmill, USA) was
crushed and dissolved in 5 ml pre-heated olive oil to
prepare 10 mg /ml /kg /day[17).

Preparation of gemfibrozil suspension: 600 mg
tablet of gemfibrozil (lopid /France) was crushed
and suspended in 30 ml of pre-heated olive oil to
prepare the dose of 20 mg /ml/kg/day[4].

Animal grouping: The animals were grouped
randomly into five groups (each has five experi-
mental rats) as follows:

e Group 1 (normal group) rats were fed a standard
diet and have free access to water without any
treatment.

e Group 2 (olive oil group) tested animals were fed
orally a standard diet plus 1 ml olive oil /day /rat.

e Group 3 (hyperlipidemic group) experimental
rats were fed a normal diet plus 30mg of cho-
lesterol/ rat/day for 90 days to ensure the re-
maining hyperlipidemia in rats without returning
to normal condition [18].

e Group 4 (CoQ10-treated group) hyperlipidemic
rats fed on a normal diet plus 10mg/kg/day of
CoQ10 for 30 days.

e Group 5 (Gemfibrozil-treated group) was fed on
a normal diet with 20mg/kg /day for 30 days [19].
Blood sampling: To evaluate the serum lipid
parameters, blood was collected at the beginning of
the study, after 90 days to monitor the development
of hyperlipidemia, and after 30 days of treatment to
observe any changes in the serum lipid parameters.
The blood samples were drawn from the rats' eyes
and placed in labelled gel tubes. The tubes were
then centrifuged at 3000 r.p.m for 15 minutes to
obtain the serum, which was poured into sterilized
Eppendorf tubes and stored in a deep freezer at -
40°C to be examined by biomedical assay later.
Measurements of lipid parameters and liver
enzymes in the serum: Total cholesterol, triglycer-
ides, LDL-C, VLDL-C, HDL-C, and liver enzymes
were measured by a biomedical analyzer via an
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enzymatic colourimetric method according to the
kit's procedure (Giesse Diagnostic Company / Italy).

Preparation of liver organs for histological
study: Liver organs were taken from tested rats af-
ter rats scarifying and then preserved in 10% for-
malin solution before dehydration via progressive
addition of Alcohol after that the liver tissues were
put in paraffin-wax for segmentation. Histological
changes were seen using hematoxylin and eosin
(H&E) staining under a light microscope.

Statistical analysis: The data of the current
study were analyzed by the program of Statistical
Package for the Social Sciences (SPSS) version
29 by using an independent sample t-test to show

the differences between every two groups where
the p-value is < 0.05 considered significant
deference.

3. RESULTS

Analysis of the data revealed that the lipid profile
parameters (except HDL) and liver enzymes were
significantly (p< 0.001) higher in the hyperlipidemic
group (Group 3) compared to either the control
group (Group 1) or olive oil group (Group 2) (Table
1). Conversely, HDL has shown significantly
(p<0.001) lower in group 3 compared to either
group 1 or group 2 (Table 1).

Table 1. Comparison of lipid parameters and liver enzymes in the hyperlipidemic group compared to control and olive oil group.

Variables Group 1 Group 2 Group 3
Cholesterol, mg/dl 126.2+9.33 136.00+3.16 224.4+13.27*
TRI, mg/dl 121.846.53 133.00+4.30 232.2+12.69*
HDL-C, mg/dl 49.8+2.58" 47.00£2.927 30.2+3.34
LDL-C, mg/dl 52.04+7.11 62.40+5.34 147.76x14.02*
VLDL-C, mg/dl 24.36+1.30 26.60+0.86 46.44+2 53*
ALT, IU/L 16.1+1.79 17.40%1.79 66.6+11.71*
AST, IU/L 17.8+1.58 19.10+1.58 146.2+44.53*

Data expressed as mean+SD
Independent sample t-test used,
*p value <0.001

* significantly higher in Group 3 as compared to Group 1 and Group 2
A significantly higher in Group 1 and Group 2 as compared to Group 3

Using CoQ10 (Group 4) and gemfibrozil
(Group 5) has revealed that the lipid parameters
and liver enzymes were significantly (p<0.001)
lower compared to the hyperlipidemic group
(Group 3). In HDL, only the difference between
Group 3 and Group 5 was significant (Table 2).

Results of a histological study of the slice of
liver organs revealed that group (1) and group (2)
showed the normal construction of the liver
including central vein, sinusoids, hepatocytes, and

Kupffer cells (Figure 1, G1 and G2, respectively).
Group (3) showed congestion of sinusoids, severe
necrosis of hepatocytes, vacuolar degradation,
and infiltration of inflammatory cells (figure 1G3).
Nevertheless, group (4) revealed the normal
appearance of the liver, central vein, and
hepatocytes with mild expansion of sinusoids
(Figure 1G4). Group (5) showed the normal
structure of the liver: central vein, sinusoids, and
hepatocytes (Figure 1, G5).

Table 2. Comparison of lipid parameters and liver enzymes in the hyperlipidemic group compared to CoQ10 and gemfibrozil

group.
Lipid profile Liver enzymes
Groups Cholesterol TRI HDL LDL VLDL ALT AST
Group 3 |224.4+13.32 232.2+¢12.7% |30.2¢3.34% | 147.76+14.02% |46.44£2.53% |66.6+11.71% |146.2+44.532
Group 4 |79.4+3.64° 114.20£7.12° | 36.6£7.73%° | 19.9616.92°  |22.84+1.42° |57.8+7.66" |69.8+3.27°
Group 5 |82.8+3.03" 121.8+6.53" |45.8+4.81° |12.64+4.14> |24.36£1.3" |37.6£8.73° |47.8+6.45°

Data expressed as mean+SD
Independent sample t-test used,

Different superscript letter indicates a significant difference

a,b,c: are letters used to indicate significant differences (p< 0.001),
The similar superscript letter indicates a non-significant difference
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Figure 1. Section of rat’s liver tissue of the five studied groups (G1) standard diet, normal architecture of the liver (G2)
standard diet plus olive oil (G3) hyperlipidemic group (G4) Hyperlipidemic plus CoQ10-treated group (G5) standard diet plus
Gemfibrozil-treated group. Central vein(A), sinusoids (B), hepatocytes (C), and Kupffer cells (arrow). H&E stain.

4. DISCUSSION

This study examined and compared the impact of
gemfibrozil therapy and Co-enzyme Q10 therapy
on the levels of total cholesterol, lipoproteins, tri-
glycerides, and liver enzymes in murine animals.
Gemfibrozil, a recognized and effective antihyper-
lipidemic medication, gemfibrozil is useful for de-
creasing triglyceride and cholesterol levels by en-
hancing the activity of the peroxisome proliferator-
activated receptor-alpha [4,20,21]. Coenzyme
Q10 is a lipid-soluble supplement, frequently pre-
scribed to improve cardiovascular health due to its
antioxidant activity. Furthermore, CoQ10 is used
as a supportive remedy for many neuroprotective
diseases like Alzheimer's and Parkinson's dis-
eases due to its antioxidants activity[22].

The biochemical and histological results of the
study showed that rats fed a diet high in cholesterol
(Group 3) experienced considerable increases in
their blood levels of triglycerides, total cholesterol,
LDL-C, and VLDL-C while their levels of HDL-C
considerably reduced [23-26]. Development of
hyperlipidemia in experimental male rats leads to an
increase in their serum level of liver enzyme (AST

and ALT) and inflammation of liver tissue These
findings agree with other experiments [27,28].

This research study showed that management
with Co-enzyme Q10 for thirty days significantly
improved the blood lipid profile, hepatic enzymes
(AST and ALT) associated with and nearly normal
appearance of liver tissue in the CoQ10-treated
group compared with the hyperlipidemic group this
finding is consistent with many previous studies
[16,29-31]. Additionally, a meta-analysis of eight
clinical trials confirmed the beneficial effects of Co-
enzyme Q10 on total cholesterol and HDL-C lev-
els. However, this analysis found insignificant ef-
fects on triglyceride and LDL-C levels [32]. The de-
crease in lipid levels and rise in HDL-C levels
could be brought on by a reduction in oxidative
stress and LDL oxidation. Additionally, another
study demonstrated that the administration of Co-
enzyme Q10 to diabetic-treated rats resulted in a
powerful reduction in levels of serum cholesterol,
triglycerides, VLDL-C, and LDL-C while HDL-C
levels were increased. Although the exact method
by which Coenzyme Q10 reduced blood triglycer-
ides is unknown, it probably did so by either reduc-
ing the production of VLDL, diverting it down a dif-
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ferent pathway than LDL, or increasing the activity
of the lipoprotein lipase [33]. Another study sug-
gests that CoQ10 may serve as a hydroxy methyl
glutaryl CoA reductase inhibitor [34]. Furthermore,
many researches have supported the link between
oxidative stress and cholesterol levels so Co-
enzyme Q10 as an antioxidant is suggested to be
effective in reducing hyperlipidemia. Further re-
search is required to determine the precise mech-
anism underlying Coenzyme Q210's impact on lipid
metabolism [29]. This study also revealed the ben-
eficial role of CoQ10 in reducing inflammation of
liver tissue and significantly reducing the serum
levels of AST and ALT due to its anti-oxidant prop-
erties which guards against cell deterioration and
the accompanying rise in liver enzyme levels
caused by free radical produce oxidative stress
and liver inflammation by hyperlipidemia this result
agrees with previous studies [35-37].

Gemfibrozil is one of fibrate -drug family, It acti-
vates peroxisome proliferator-activated receptor al-
pha (PPAR-a) so that it alters lipid metabolism lead-
ing to decreased extraction of free fatty acid from
the liver and thus reduces triglyceride synthesis. In
addition, it inhibits hepatic CYP2CB causing a de-
crease in synthesis and thus blood level of lipids.
Gemfibrozil is prescribed for the management of
(type IV and type V hyperlipidemia) [38]. This re-
search showed a significant reduction of total cho-
lesterol, triglycerides, and lipoproteins with a signif-
icant elevation of the level of HDL-C in the
gemfibrozil-treated group compared with the hyper-
lipidemic group. This finding agrees with previous
research [4]. In addition, a significant reduction of
AST and ALT along with the normal appearance of
hepatic tissue in the gemfibrozil-treated group dif-
fered from the hyperlipidemic group. This finding
agrees with a study that showed the protective im-
pact of gemfibrozil against acetaminophen-induced
acute liver toxicity [39]. However, chronic use of fi-
brate(gemfibrozil) leads to elevation of serum level
of liver enzymes (AST and ALT) [3]. The study
made comparisons between the antihyperlipidemic
effect of coenzyme Q10 and gemfibrozil on hyper-
lipidemic models in male rats. Our findings indicate
that both CoQ10 and gemfibrozil-treated groups
have nearly an equal reducing effect on total cho-
lesterol, triglyceride, LDL-C, and VLDL-C except for
HDL-C where the gemfibrozil-treated group has a
higher level of HDL-C compared with CoQ10-
treated group in addition Group 5 have a higher de-
creeing serum level of AST and ALT than group 4.
This agrees with the study that appeared that there
is a beneficial effect of fibrate treatment on liver
function tests [28]. however chronic use of gemfib-
rozil for treating dyslipidemia will cause mild eleva-
tion of liver function enzymes (AST and ALT) and

may exacerbate the preexisting liver dysfunction
[40].

5. CONCLUSION

The current study revealed approximately equal ef-
fects of coenzyme 10 and gemfibrozil in lowering
total cholesterol, triglycerides, and lipoprotein with
more effectiveness of gemfibrozil on increasing
HDL and decreasing level of AST and ALT. CoQ10
safer on long-term treatment of hyperlipidemia than
gemfibrozil since gemfibrozil associated with sev-
eral side effects like the elevation of liver enzymes.
Thus, CoQ10 may be used to control dyslipidemia
as adjuvant therapy or as monotherapy with mini-
mal adverse effects compared with gemfibrozil.
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