
217

ABSTRACT

Objective: Coenzyme Q10 (CoQ10) administration is known to increase CoQ10 con-
centrations in the mitochondria of brain cells and facilitate the memory and learning 
processes in rats. This study aims to evaluate the effects of CoQ10 treatment on lear-
ning and memory functions in rat pups during early stages of development. 
Methods: A total of 21-day-old 24 pups were divided into 3 groups (8 pups in each 
group). A low dose of CoQ10 was administered via oral gavage once per day to one 
group, a high dose was administered to another group, and olive oil was administered 
to the control group. The cognitive and learning functions of rats in these groups were 
evaluated by the Morris water maze and probe tests. 
Results: Coenzyme Q10 administration was continued for 10 days. At the end of the 
37th day, the water maze test was used to evaluate learning and memory performance. 
No difference was observed in the test results among the high-dose, low-dose and 
control groups during the 5 days of training in the water maze test (p>0.05). Data from 
the probe trial indicated no statistically significant differences among rats that recei-
ved high-, or low-dose CoQ10 or olive oil (control) (p=0.853).
Conclusion: In our study, it was determined that administration of high-, or low-dose 
CoQ10 during childhood does not have a significant effect on learning and memory 
functions.
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ÖZ

Amaç: Koenzim Q10 (CoQ10) uygulamasının, beyin hücrelerinin mitokondrisinde 
CoQ10 konsantrasyonlarını arttırdığı ve sıçanlarda bellek ve öğrenme süreçlerini 
kolaylaştırdığı bilinmektedir. Bu çalışma, erken çocukluk dönemindeki yavru ratlar-
da CoQ10 tedavisinin öğrenme ve bellek üzerine etkilerini değerlendirmeyi amaçla-
maktadır. 
Yöntem: Toplam 24 adet 21 günlük yavru 3 gruba ayrılmıştır (her grupta 8 yavru). 
Bir gruba günde bir kez ağızdan gavaj yoluyla düşük dozda CoQ10 uygulanmışken 
diğer gruba yüksek dozda uygulanmıştır, kontrol grubuna ise zeytinyağı uygulanmış-
tır. Ratların öğrenme ve hafıza işlevleri, Morris su labirenti ve prob test ile değerlen-
dirilmiştir. 
Bulgular: Koenzim Q10 uygulamasına 10 gün süreyle devam edilmiştir. Otuz yedinci 
günün sonunda, öğrenme ve bellek performansını değerlendirmek için su labirenti 
testi kullanılmıştır. Su labirenti testinde 5 günlük eğitim boyunca yüksek doz, düşük 
doz ve kontrol grupları arasındaki test sonuçlarında herhangi bir fark gözlenmemiştir 
(p>0,05). Prob deneyinden elde edilen veriler, yüksek doz CoQ10, düşük doz CoQ10 
veya zeytinyağı (kontrol) alan ratlar arasında istatistiksel olarak anlamlı farklar 
olmadığını göstermiştir (p=0,853)
Sonuç: Çalışmamızda, çocukluk döneminde yüksek doz ve düşük doz CoQ10 uygula-
masının öğrenme ve bellek fonksiyonları üzerinde anlamlı bir etkisi olmadığı saptan-
mıştır.
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INTRODUCTION

Coenzyme Q10 (CoQ10) is a lipophilic, endoge-
nic antioxidant and the main component of quinol 
involving in the mitochondrial electron transport 
chain and is similar to a fat-soluble vitamin. Coenzyme 
Q10 is a redox molecule that is biochemically avai-
lable in both its reduced (ubiquinol-10) and oxidized 
forms (ubiquinone-10) in biological tissues and 
exerts many functions. Coenzyme Q10 functions in 
mitochondria as an electron carrier in the respiratory 
chain (1). Coenzyme Q10 prevents lipid peroxidation 
and biomolecular damage by interacting with oxygen-
derived radicals and singlet oxygen atoms, and this 
molecule functions as an intermediate product with 
free radicals and is often exposed to electron reducti-
on reactions. Unstable free radicals become stable 
with an electron coming from ubiquinone. This cha-
racteristic makes coenzyme Q10 an important antio-
xidant (2). Ubiquinol-10 is the first antioxidant to react 
if the plasma is exposed to oxidants despite its low 
concentrations when compared to other antioxidants 
in the plasma, such as alpha-tocopherol. Coenzyme 
Q10 can also augment the regeneration of other anti-
oxidants (1,2). Furthermore, it has been reported that 
CoQ10 has positive effects on membrane stability, 
cell signaling, gene expression, control of cell growth 
and apoptosis, prevention and treatment of cardiovas-
cular and neurodegenerative diseases and some types 
of cancer; additionally, this compound is known to 
delay aging (3). Coenzyme Q10 supplementation has 
been reported to be beneficial for the treatment of 
cardiovascular diseases, cancer, diabetes, hypertensi-
on and neurodegenerative diseases (4). Coenzyme Q 
10 administration is also known to increase the 
CoQ10 concentration in the mitochondria of brain 
cells in rats and to facilitate memory and learning 
processes (5). Cognitive deficits in a surgically indu-
ced menopausal rodent model were ameliorated upon 
treatment with CoQ10 (6). There are few studies in the 
literature on neurocognitive functions and learning 
during early childhood. The purpose of our study was 
to evaluate the effect of low-, and high-dose CoQ10 
supplementation on learning and memory abilities in 
rats during childhood. 

MATERIALS and METHODS

A gelatin capsule containing 30 mg coenzyme 
Q10 (Solgar, New Jersey, USA) was provided. A low 
(0.72 mg/g) or high dose (2.6 mg/g) of CoQ10 was 
administered via oral gavage once a day for 10 days. 
Coenzyme Q10 was dissolved in water (1 ml/kg 
bwt/d).

Experimental animals and groups
Wistar-Hannover rats were provided by the XXX, 

Experimental Research and Skill Development Center 
Laboratory. The study was approved by the Local 
Ethics Committee (project no: 2015-40) in accordan-
ce with the instructions regarding the care and usage 
of laboratory animals stated in the Declaration of 
Helsinki.

During the study, rats were kept in groups of four 
in polycarbonate cages at a temperature of 20±2°C 
and 50±5% humidity under 12/12 hour light/dark 
cycles. Rats were provided with unlimited water and 
standard laboratory rat chows. When the pups were 
weaned at 21 days old, they were divided by gender.

Experimental animals and groups
Three groups of pups were formed with each 

group consisting of 8 pups (4 males and 4 females). 
The pups were randomly chosen from different lit-
ters. The groups were treated as follows:

1. High-dose (2.6 mg/kg/day) CoQ10
2. Low-dose (0.72 mg/kg/day) CoQ10
3. Water (control group)

Coenzyme 10 dissolved in water (1 ml/kg body 
weight/day) was administered by oral gavage once a 
day for 10 days, and the same volume of water was 
administered to the control group via oral gavage. 
The dose of CoQ10 was determined based on the 
literature (5). At the postnatal day (PND) 37, the lear-
ning and memory functions of the rats were evaluated 
by the Morris water maze (MWM) test.

Morris Water Maze Test
Morris Water Maze is an important method for 
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evaluating cognitive and spatial learning (7). Spatial 
acquisition and spatial learning are the basic princip-
les underlying the MWM. Because of its many cha-
racteristic features, the MWM is widely used. For 
this test, water at a temperature of 26±2°C was added 
into a pool 120-200 cm in width and 50 cm in height, 
and the water was added into the chamber up to 
23-30 cm in height The escape platform was placed 
in the center of one of the quadrants in the pool. The 
platform was a minimum of 10 cm in diameter and 
0.5-1 cm elevated from the water level. Various pic-
tures were hung around the room in which the pool 
was located, and the room was completely decorated. 
The water clarity was reduced by adding white pow-
der to the water. 

Morris water maze learning performance
The position of the tank and platform location was 

kept constant during the test. Two swimming trai-
nings were performed per day, and acquisition trai-
ning was conducted for 4 days. The fifth day was 
determined as the test application day. The rats were 
left on the platform for 30 seconds to recognize the 
escape platform in the tank before being released into 
the water on the first day. Then, each rat was released 
to the farthest point away from the platform and 
observed while the rat was trying to find the platform 
within 90 seconds. The rats, which could not find the 
platform, were guided to the platform with the help 
from behind and left on the platform for 10 seconds 
and then taken back to the cage. Each rat was relea-
sed into the water from a different quarter with 30 
minutes between the experiments. During the experi-
ments, the duration of the rats on the escape platform 
was recorded by a digital chronometer. For evaluati-
on, the longevities of rats stay on the escape platform 
were compared.

Probe trial test:
It was conducted 24 hours after the five-day test. 

In this test, the platform was taken out from the tank, 
and the subjects were floated on it. Naturally rats did 
more searching in the quarter of the tank where the 
platform had been previously. This period refers to 
the consolidation of memory. The longevities of 

swimming of the rats in the quarter part of the area 
within the range of the old platform were recorded. 
The percentage of the duration spent in the target 
quadrant by groups was calculated and compared.

Statistical Evaluation
In this study, statistical analyses were performed 

using the NCSS (Number Cruncher Statistical 
System) 2007 Statistical Software (Utah, USA) pac-
kage. In the evaluation of the data, descriptive statis-
tical methods (mean, standard deviation) as well as 
the repeated measures analysis of variance in multip-
le groups, the Newman-Keuls multiple comparison 
test in subgroup comparisons, and one-way analysis 
of variance in intergroup comparisons were used. The 
results were evaluated at the level of statistical signi-
ficance of p<0.05.

RESULTS

Body weight
The mean body weights of the rats at the begin-

ning of the study were 45.75±1.28 g for the control, 
45.50±1.30 g for the high-, and 45.88±1.12 g for the 
low-dose groups.. No statistically significant diffe-
rences were found among the weights of the rats at 
the beginning of the study (p=0.829). The final mean 
weights of the control (118.13±1.8 g), high 
(118.5±1.51 g), and the low-dose (118.63±1.68 g) 
groups were as indicated without any statistically 
significant differences among the groups (p=0.735). 
The differences between the first and last measure-
ments of the mean body weights were 72.38±2.44 g 
in the control; 72.50±2.61 g in the high-, and 
72.75±2.34 g in the low-dose groups, without any 
significant differences among groups (p=0.955). 

Morris water maze learning performance
No statistically significant difference was obser-

ved between the mean scores measured on the 1st, 2nd, 
3rd, 4th and 5th test days in all three groups (p>0.05) 
(Table 1). There were statistically significant diffe-
rences between the mean durations of stay on the 
platform on the 1st, 2nd, 3rd, 4th and 5th days for the 
high-, low-dose, and control groups (for each 
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p=0.0001). For all groups, the mean durations of stay 
on the platform on the fifth day were significantly 
shorter compared to the other days. The p-values of 
the mean durations of staying on the platform on the 
test days for the groups are presented in Table 2.

Probe trial test:
Data from the probe trial, which measures how 

well the animals had learned and consolidated the 
platform location during the 5 days of training, sho-
wed that there was no significant difference between 
the groups (p=0.853) (Table 3).

DISCUSSION

This study was conducted to elucidate the effect 
of CoQ10 on learning function at a young age. 
Coenzyme Q10 was used in the treatment of oxidati-
ve damage and impairments resulting from inadequ-
ate cellular energy metabolism. Coenzyme Q10 is a 
supplemental factor for impaired energy metabolism 
and is therefore considered suitable for use in the 
treatment of cardiac, neurologic, oncologic and 
immunologic diseases (5). Coenzyme Q10 exerts posi-
tive effects on the memory and learning functions; 
however, studies reporting these data were conducted 
to evaluate learning functions in adults and postme-
nopausal women (6,8). As a result of the recovery of 
the mitochondrial electron transport system due to 
CoQ10 replacement cognitive functions improved in 
experimental models of Alzheimer’s disease and 
Parkinson’s disease (9,10). 

Reduced estrogen levels have been shown to dec-
rease mitochondrial functions in postmenopausal 
women due to oxidative stress, and as a result, cogni-
tive functioning declines (6). The administration of 
CoQ10 at a prophylactic dose of 10 mg/kg was obser-
ved to protect neurons against traumatic brain injury, 
cerebral ischemia, tissue ischemia-reperfusion injury 
and spinal cord trauma (11-13). In another study, it was 
observed that CoQ10 administration for 3 weeks did 
not prevent neural damage after focal or global cereb-
ral ischemia (14). CoQ10 administration (0.7 mg/kg/
day) to rats for 6 months was observed to delay the 
detrimental effects of aging on the brain (15). In vitro 
studies have shown that CoQ10 usage at a concentra-
tion of 6.25 μM prevents oxidative stress and neuro-
toxicity (16). The administration of 10 mg/kg CoQ10 
to rats with their diet for one month showed a signi-
ficant reduction in protein carbonyl formation in the 
brain in a patient with Alzheimer’s disease (17). The 
components of the electron transport chain in the 
inner mitochondrial membrane regulate redox reacti-
ons; therefore, adenosine triphosphate (ATP) is 
synthesized from adenosine diphosphate (ADP) and 
free phosphates. The levels of enzymes of the mitoc-
hondrial electron transport chain in the brain namely 
cytochrome c reductase, succinate dehydrogenase 

Table 1. Durations of finding the platform by days for each 
group.

1st test day
2nd test day
3rd test day
4th test day
5th test day
p

Control 
Group

35.38±0.79
23.44±1.10
19.65±2.11
17.00±1.34
14.74±0.51

0.0001

Low-Dose 
Group

34.81±1.46
22.44±1.17
19.21±1.72
17.19±1.13
15.20±0.88

0.0001

High-Dose 
Group

34.86±0.92
22.61±1.10
19.21±1.19
16.71±1.38
15.05±0.72

0.0001

p

0.534
0.188
0.842
0.762
0.438

Table 2. Multiple comparison test results of the durations of 
finding the platform by days for each group.

Newman-Keusl Multiple 
Comparison Test

1st day / 2nd day
1st day / 3rd day
1st day / 4th day
1st day / 5th day
2nd day / 3rd day
2nd day / 4th day
2nd day / 5th day
3rd day / 4th day
3rd day / 5th day
4th day / 5th day

Control 
Group

0.0001
0.0001
0.0001
0.0001
0.001
0.0001
0.0001
0.011

0.0001
0.003

Low-Dose 
Group

0.0001
0.0001
0.0001
0.0001
0.001
0.0001
0.0001
0.002
0.0001
0.0001

High-Dose 
Group

0.0001
0.0001
0.0001
0.0001
0.002
0.0001
0.0001
0.0001
0.0001
0.001

Table 3. Comparison of the Percentage of the Duration Spent 
in the Target Quadrant by groups.

Percentage of the 
Duration Spent 
in the Target 
Quadrant

Control 
Group

31.00±13.53

Low-Dose 
Group

34.15±10.77

High-Dose 
Group

31.85±9.95

p

0.853
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and cytochrome c oxidase decreased in mice ovarec-
tomized to create a menopausal model (6). In this 
study, it was observed that CoQ10 replacement repa-
ired enzyme activity. The impairment in the electron 
transport chain resulting from this hormone defici-
ency in rats induces formation of free radicals and 
increase in oxidative stress, both of which distort the 
integrity of the mitochondria (6,18). This causes decline 
in learning consciousness functions. The decline in 
postmenopausal learning functions is considered to 
result from this mechanism. 

Coenzyme Q10 reduces oxidative stress by ensu-
ring electron transport from Complex I to Complex 
III, and it also reduces the damage in the electron 
transport chain. Therefore, this molecular pairs the 
damage to learning functions (18).

In our study, CoQ10 replacement therapy was 
observed to have no significant effect on learning and 
memory functions in healthy young rats. In a study 
conducted by Shetty et al. (5), administration of a low 
dose of CoQ10 (96 mg/kg/day) as a replacement tre-
atment to an aged mice for 16 weeks did not have a 
significant effect on learning functions, while high 
dose CoQ10 (457 mg/kg/day) replacement treatment 
for the same period was reported to have a positive 
effect on age-related learning functions. When tissue 
analysis was performed in the same study, the high-
dose replacement treatment was observed to decrease 
protein oxidation in the mitochondria. That study 
also reported that high-dose CoQ10 replacement had 
a negative effect on hearing function in healthy 
young mice and that long-term replacement treatment 
had negative effects on brain functions and learning; 
therefore, initiating the replacement treatment in 
older animals was more suitable (5).

The age-related decline in hippocampal and corti-
cal functions in mice and rats was evaluated in previ-
ous studies using the MWM test (7,19). In a study 
conducted by Sumien et al. (20), long-term administra-
tion of low-dose CoQ10 was observed to cause signi-
ficant changes in the conscious functions in aged 
mice. It was also observed that high-dose CoQ10 
treatment in aged mice caused an exaggerated res-
ponse in some cognitive functions and damaged hea-
ring functions (20).

It was reported that short-term administration of 
high-dose CoQ10 replacement in middle-aged 
(18-month-old) mice did not have much of an effect 
on the increase in sportive activities, anti-aging and 
psychomotor functions (21). 

Additionally, administration of high-dose CoQ10 
replacement therapy in this group of young mice 
(4-month-old) did not have a significant effect on 
psychomotor functions (22).

Furthermore, in studies of rats and mice, long-
term CoQ10 treatment in adulthood was observed to 
have no effect on their lifespan (23). Our results did not 
show any significant effect of CoQ10 supplementati-
on on body weight. Many reports in the literature 
have described the therapeutic benefit of CoQ10 
supplementation in glycemic control and insulin 
resistance (24). In a previous study, it was reported that 
CoQ10 supplementation did not affect weight gain in 
rats (25). Our results are in accordance with this 
study.

According to the results of studies previously con-
ducted, high-dose CoQ10 replacement is beneficial 
in repairing the neurocognitive functions impaired 
due to oxidative stress and disorders of conscious-
ness resulting from age-derived mitochondrial dama-
ge. However, our study was conducted with a popu-
lation of young rats. Both high-, and low-dose treat-
ments were insignificant regarding the evaluation of 
conscious function using the water maze test. 

The reason for this is that the rats were young and 
completely healthy without being exposed to oxidati-
ve stress. This shows that CoQ10 administration in 
young and healthy individuals has no effect on lear-
ning function. Furthermore, the detrimental effects of 
long-term high-dose CoQ10 administration in young 
mice have been mentioned in the literature. No side 
effects were observed in our study, presumably due to 
relatively shorter treatment period.

This is the first study that investigated the effects 
of CoQ10 administration on the performance of lear-
ning and memory in a young population which was 
the strength and novelty of our study. However, the 
primary weakness of our study was its small sample 
size. 
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CONCLUSION

In our study, high-, and low-dose CoQ10 administ-
ration during childhood does not have a significant 
effect on learning and memory functions. Our study 
results suggested that CoQ10 administration does not 
exert a beneficial effect in young and healthy rats with 
regard to learning and memory performance.

This study was presented as an oral presentation 
in 60. Turkish National Pediatrics Congress, 2016.
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