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INTRODUCTION

Co-enzyme Q10 (Co-Q10) or ubiquinone is a fat-solu-
ble compound composed of a benzoquinone ring with 10 
isoprene side-chains. The human body naturally synthesizes 
Co-Q10 via mitochondrial enzymes situated in the matrix 
intermembrane [1]. The electron transport chain during the 
process of cellular respiration for the production of ATP 
utilizes Co-Q10 as an electron acceptor in oxidative phos-
phorylation, transforming products of metabolism into ATP 
[2].

Plasma Co-Q10 concentrations have been reported to be 
significantly lower in patients suffering from chronic kidney 
disease (CKD) with or without hemodialysis, compared 
to normal controls [3]. Earlier studies provided support-
ing evidence regarding the benefit of Co-Q10 supplemen-
tation for improving the renal function and delaying the 
need for dialysis in patients with CKD [4]. The proposed 
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nephroprotective mechanism of Co-Q10 was based on its 
anti-inflammatory activities, which enables Co-Q10 to assist 
in the protection against renal tissue injury and renal dys-
function induced by various drugs [5,6].

Despite the presence of abundant reviews and study 
articles supporting the benefits of Co-Q10, quinones may 
still eventually cause deleterious effect on the kidneys. The 
decisive factors of whether Co-Q10 leads to nephroprotec-
tion or nephrotoxicity are the yields produced by the “reduc-
tion reaction” and the oxidative status of the kidney. While 
stable, fully oxidized quinones are less reactive and their 
production can quench other cellular toxins such as reactive 
oxygen species (ROS). In contrast, partially reduced semi-
quinones are free radicals that can damage DNA and lead to 
cell death [7]. The toxicity of quinones to the kidney appears 
to be multifactorial, including genetic polymorphisms and 
the disease status of the individual.

Recently, there are studies reporting the lack of adequate 
evidence that supports the use of Co-Q10 supplementation 
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Co-enzyme Q10 (Co-Q10) plays a key role in the cellular respiration for the production 
of ATP. The toxicity of quinones to the kidney appears to depend on variety of factors, 
including genetic polymorphisms and the individual’s comorbidites. The aim of the 
present study was to assess histologically the nephrotoxic effects of 6 weeks daily oral 
intake of Co-Q10 in experimental animals. 
Twenty-five Wistar rats weighing between 220-270 g were randomly divided into 
two groups: experimental “treated” and control “untreated” groups (n=15, n=10, 
respectively). The animals of the experimental group received 300 mg/kg daily dose 
of gelatinous capsules of Co-Q10 by oral gavage for six weeks. At the end of the study, 
all animals were sacrificed under general anesthesia and samples of the kidneys were 
excised for microscopic histopathological assessment of renal tissue using stain. The 
experimental group showed a range of mild to severe dilatation of Bowman’s space, with 
a mean corpuscular diameter of 294±38 µm that was significantly higher (p <0.05) than 
that of the untreated control group 208±31 µm. Shrinkage to complete destruction of the 
glomeruli was observed in the experimental group only. The long-term use of high doses 
of Co-Q10 had revealed a selective nephrotoxicity towards podocytes. This might be a risk  
factor leading to renal proximal tubular necrosis in rats and the subsequent renal function 
deterioration.
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for nephroprotection. A study done in 2012 stated that 
patients who were treated with Co-Q10 after the develop-
ment of CKD showed no improvement in their renal function 
[8]. Furthermore, another study examining the efficiency 
of antioxidants on the initiation and progression of diabetic 
nephropathy revealed that antioxidants, including Co-Q10, 
did not have reliable effects against the progression of the 
disease [9]. Therefore, Madmani and colleagues concluded 
that there was insufficient proof backing the use of supple-
mental Co-Q10 in heart failure and other diseases [10]. 
Additionally, El Shaikh and co-researchers stated that sub-
jecting rats to daily oral dose of 200 mg/kg for 8 days did not 
significantly distort the normal renal glomeruli. However, 
mild degeneration of epithelial lining of some renal tubules 
was noticed [11].

Since limited research studies so far exist to document 
the histological changes after a long-term administration  
of moderate doses of Co-Q10, the specific aim of this study 
was to examine the potential toxic histopathological changes 
in rat kidney cells after long-term administration of a high 
dose (300 mg/kg) of Co-Q10.

MATERIALS AND METHODS

Animals
Twenty-five Albino Wistar rats weighing between 

220 g-270 g were randomly divided into two groups: 15 
experimental group and 10 control group. The rats were 
housed in metallic cages in the animal house of veterinary 
college in Tikrit University. Animals were maintained at 
room temperature with 12 hours dark: light cycle, receiving 
basal food pellets and water ad-libitum. All experiments 
were carried out according to the National Institute of Health 
Guidelines for the care and use of laboratory animals and 
the European Council Directive on 24 November 1986  
for Care and Use of Laboratory Animals (86/609/EEC), 
and were approved by the Local Ethics Committee (EDB# 
20-0283-1550).

The animals of experimental group received 300 mg/kg 
daily dose of gelatinous capsules of Co-Q10 by oral gavage 
for six weeks. At the end of the experiment, all animals were 
sacrificed and tissue samples of kidney were excised and 
fixed in 10% neutral-buffered formaldehyde solution until 
they were embedded in paraffin wax blocks. Subsequently, 
5-μm serial sections were cut and stained with hematoxy-
lin and eosin (H&E). Histological observations were done 
for assessment of the microscopic changes using a light 
microscope.

Counting technique 

For each slide of the control and the experimental 
groups, twenty microscopic fields were considered in order 
to estimate and count the histological parameters [12].  
A calibrated stage micrometer brand (Leitz) which consists 
of 100-minute lines, each line equals to 10 µ, along with  
a calibrated ocular micrometer brand (Reichert) and a light 
microscope brand (Meiji) were used. A superimposition 
between the calibrated ocular micrometer and calibrated 
stage micrometer was performed in the following manner: 

at (×10) magnification power, each line of calibrated stage 
micrometer equaled to (81) line of calibrated ocular microm-
eter, so each line of calibrated ocular micrometer equaled 
to 12.3 µm, at (×40) magnification power, each line of cali-
brated ocular micrometer equaled to 3 lines of calibrated 
stage, so each line of ocular micrometer is equaled to 3.3 µm 
[13].

Statistical analysis

Microsoft Excel 2016 and SPSS (version 21.0) software 
programs were used for data analysis. Results were 
expressed as means ± SEM. Significant differences were 
determined by t-test.

RESULTS

Microscopic examination of kidney sections of control 
rats showed the normal structure of the renal corpuscles and 
renal tubules as revealed in Figure 1.a, b. The mean diameter 
of renal corpuscles of the control group was 208.4±31 µm.

 

 Figure 1. Depicting the control group (a) Renal cortex showing 
normal renal corpuscles [arrows] at (×200) magnification power. 
(b) Renal tubules at (×100) magnification power

Samples from experimental group expressed a range of 
mild to severe dilatation of Bowman’s space, as seen in 
Figure 2.a with an obviously increased diameter (294.25± 
38 µm) of renal corpuscles, which was significantly higher 
(p <0.05), than the diameter of renal corpuscle in the control 
group (208.4±31 µm).
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 Figure 2. Depicting the experimental Co-Q10 treated group 
showing: (a) Widening of Bowman’s space [arrows], (b) complete 
destruction of renal corpuscle [arrows] at (×200) magnification 
power

Some sections of the experimental Co-Q10 treated group 
showed shrinkage to complete destruction of the glomeruli 
as seen in Figure 2.b, other glomeruli showed a blood-filled 
cavitation as observed in Figure 3.

 Figure 3. Depicting RBC [arrow] accumulated in the renal 
corpuscles of the experimental group at (×200) magnification 
power

The lining of renal medullary tubules in the Co-
Q10-treated group appeared exfoliated, desquamated, or thin 
giving an impression of widening of lumen of tubules with 
faint cytoplasm in contrast to the normal structure of the 
medulla of the control group, as seen in Figure 4 (a and b). 

 

 Figure 4. Medulla of the control group (a) at magnification power 
(×100), experimental group (b) at magnification power (×200)

DISCUSSION

Co-Q10 is an endogenously synthesized antioxidant 
involved in the ATP production and electron transfer chain 
[14]. Although the oral bioavailability of Co-Q10 is rela-
tively low (2.2%), the oral route is still considered since the 
amount needed to be absorbed by the body is considered 
sufficient [15]. In spite of the presence of several studies 
mentioning a number of medical uses of Co-Q10 [16], 
including its effect in minimizing precipitation of metals in 
kidney and the significant benefit of Co-Q10 supplemen-
tation particularly in patients with heart diseases, some 
studies have reported that the improvement was insignifi-
cantly trivial. A number of factors might contribute to the 
modest improvement of clinical conditions supplemented 
with Co-Q10, including subtherapeutic Co-Q10 dosage or 
short treatment duration and inter-individual variation in the 
ability to absorb Co-Q10. This can particularly lead to poor 
bioavailability, especially when Co-Q10 blood levels have 
not been determined before and after supplementation [17]. 

The toxicity of Quinones to the kidneys is greatly related 
to the degree of oxidation and reduction of products by the 
kidney [18]. Since excessive loading of antioxidants might 
have damaging outcomes to biological systems, antioxi-
dant therapy should be carefully designed [19]. It has been 
reported that 200 mg daily oral dose of ubiquinone failed 
to show any significant beneficial effects for hemodialytic 
patients [20]. The high doses of ubiquinone had revealed 
a selective toxicity towards podocytes, with severe renal 
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proximal tubular necrosis in rats [21]. As it is well estab-
lished that podocytes are the major cell of the glomeru-
lar filter, they are highly differentiated and quiescent cells 
involved in the pathology of numerous kidney diseases [22]. 
There are few, if any, studies assessing the effect of high 
doses of Co-Q10 on the histological structure of kidney, 
except for a study carried out by El Shaikh et al. in 2012 
who found normal glomerular appearance with focal tubular 
degeneration which came in agreement with the results  
of the present study [11].

In contrast, no histological changes were observed by 
using 30 mg/kg oral doses of Co-Q10 for 14 days in a 
previous research [23]. With this obviously much lower 
dose than the dose we used in the current study, it is com-
prehensible that their study results were inconsistent with 
the outcomes of the current study results.

CONCLUSION

The most important finding peculiar to this study is that 
the long-term repeated use of high doses of Co-Q10 might 
result in a selective nephrotoxicity towards podocytes. This 
can be a risk factor for renal proximal tubular necrosis in 
rats leading to the subsequent impending renal function 
deterioration.

LIST OF ABBREVIATIONS

ATP – Adenosine triphosphate.
Co-Q10 – co-enzyme Q10.
CKD – Chronic kidney disease.
DNA – deoxyribonucleic acid.
H&E – hematoxylin and eosin.
ROS – reactive oxygen species 
SEM – Standard error of the mean.
SPSS – Statistical package for social sciences.
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