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Neuroprotective Effect of Coenzyme Q10 in Chronic Constriction
Injury-Induced Neuropathic Pain in Rat

1,

Janzade Atousa % Seyed Behnamedin Jameie 3% Shahla Choobchian °:

Farinaz
. . 1,6,*
Nasirinezhad

1Physiology Research Center, Faculty of Medicine, Iran University of Medical Sciences, Tehran, IR Iran
Laboratory of Basic Sciences, Department of Basic Sciences, Faculty of Allied Medicine, Iran University of Medical Sciences, Tehran, IR Iran
4Department of Anatomy, Faculty of Medicine, Iran University of Medical Sciences, Tehran, IR Iran
Cellular and Molecular Research Center, Iran University of Medical Sciences, Tehran, IR Iran
Department of Management And Agricultural Development, Faculty of Agricultural Economics and Development, Iran University, Tehran, IR Iran
Department of Physiology, Faculty of Medicine, Iran University of Medical Sciences, Tehran, IR Iran

*Corresponding author: Farinaz Nasirinezhad, Physiology Research Center, Faculty of Medicine, Iran University of Medical Sciences, Tehran, IR Iran. Tel: +98-9121969564, Fax: +98-
2122748828, E-mail: f-nasiri@tums.ac.ir, fnasirinezhad@hotmail.com

Received: December 4, 2013; Accepted: December 4, 2013

Background: Oxidative stress contributes to neuropathic pain. Coenzyme Q10 (CoQ10) is used for the treatment of neurodegenerative
diseases. However, there is no report regarding the therapeutic effect of CoQ10 on neuropathic pain.

Objectives: The present study investigated the effects of CoQ10 on pain alleviation in animals with chronic constriction injury (CCI) of the
sciatic nerve.

Materials and Methods: Wistar male rats were randomly allocated to four groups. Nerve injury was induced by four loose ligatures
around the sciatic nerve. CoQ10 (200 mg/kg) or vehicle were daily injected intraperitoneally for 10 days. Behavioral tests were performed
before nerve injury and on fifth and tenth days after injury. Radiant heat, Randall Selitto test, and Von Frey filaments were used to assess
the pain threshold. At the end of the experiment, the animals were perfused transcardially. Lumbar spinal cord was removed and prepared
for Nissl staining. Analysis of variance (ANOVA) and Mann-Whitney were used for statistical analysis. P-value below 0.05 was considered
statistically significant.

Results: Reduction in pain threshold and the number of neurons in dorsal horn of the spinal cord after nerve injury (P < 0.001) were
resulted. Injection of CoQ10 and vehicles increased the pain threshold (P <0.001andP < 0.01)and prevented cell loss in neuropathic rats
compared with injured animals with no treatment (P < 0.05). Significant differences observed between animals that had received coQ10
compared with vehicle treated ones (P < 0.05).

Conclusions: CoQ10 abolished neuropathic pain in CCI rats. Prevention of cell loss might be attributed to the analgesic effect of CoQ10.
Hence, it might be used as a therapeutic intervention for neuropathic pain.
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1. Background

Neuropathic pain is a chronic pain, which interferes  the most attention. The reactive oxygen species (ROS) are

with daily life activities still remained as one of the most
difficult conditions to control or treat (1). Tactile allodyn-
ia (pain with non-noxious stimuli) and hyperalgesia (ex-
aggerated pain with noxious stimuli) are the two known
symptoms of neuropathic pain (2, 3). Neuropathic pain
is opioid resistant, and other drugs are not effective for
pain control and might have numerous adverse effects
(4). Many efforts have been performed to treat or control
the pain to increase the quality of life in affected indi-
viduals and to reduce the financial burden imposed on
society. To achieve these goals, finding the possible etiol-
ogy or the involved mechanisms of the pain has received

toxic agents acting as one of the major causes of neuro-
degenerative diseases such as Alzheimer disease, Parkin-
son’s disease, chronic neuropathic, and inflammatory
pain (5-7). In pathological conditions, the intracellular
level of ROS is more than the level that could be neutral-
ized by antioxidant; therefore, ROS level increase leads to
oxidative stress. High levels of ROS accompanied by low
levels of antioxidants such as vitamin C and glutathione
has been reported in neuropathic pain conditions (8,
9). Mitochondria are the main sources of ROS which are
damaged following the oxidative stress and in turn, their
damage leads to apoptosis and cell damage (8, 10, 11).

Implication for health policy makers/practice/research/medical education:

Oxidative stress contributes to neuropathic pain. Coenzyme Q10 (CoQ10) is used for the treatment of neurodegenerative diseases. However, there is no report con-
cerning the therapeutic effect of this coenzyme on neuropathic pain. The present study investigated the effects of CoQ10 on pain alleviation in animals with chronic
constriction injury (CCI) of the sciatic nerve.
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Mitochondrial failure is the key event in the pathogenic
cascade leading to ischemia-induced cell death from
both necrosis and apoptosis (10). Mitochondrial dysfunc-
tion followed by cell death has been shown in the dorsal
horn of the spinal cord in chronic pain condition (11). In
addition, it is shown that cell death caused by peripheral
nerve injuries may lead to neuropathic pain. Increased
expression of pro-apoptotic genes during the improve-
ment of neuropathic pain in the dorsal horn of spinal
cord three days after chronic constriction injury of sci-
atic nerve has been reported (12). Regarding the critical
role of mitochondria in apoptosis cascade, it is expected
that the agents protecting mitochondrial function might
have beneficial and therapeutic effects in pain relief. Co-
enzyme Q10 (CoQ10) is an electron transfer agent acting
as a cofactor in the mitochondrial electron transport
chain and was first used for cancer treatment (13). CoQ10
is also known as a potent antioxidant able to recycle and
regenerate other antioxidants such as tocopherol and
ascorbate (13, 14). Protective effect of ascorbate against
cell death has been confirmed in numerous recent in-
vestigations (15-18). It has been reported that exogenous
CoQ10 supplementation supports and stabilizes mito-
chondrial oxidative phosphorylation (19). This might
represent one of the important causes of neuropathic
pain and explain the probable therapeutic effects for the
treatment of neuropathic pain.

2. Objectives

This study was designed to investigate the possible
neuroprotective and pain alleviating effect of CoQ10 on
chronic constriction injury model of neuropathic pain.
In addition, the association between CoQ10 administra-
tion and serum level of vitamin C was investigated.

3. Materials and Methods

3.1. Animals

Adult male Wistar rats (200-250 g) were randomly al-
located into experimental groups (10 in each) including
control, chronic constriction injury (CCI), CCI plus ve-
hicle, and CCI plus CoQ10. The animals were purchased
from Pastor Institute, and all the experimental proce-
dures were approved by the Local Research Ethics Com-
mittee of Vice Chancellor of the University (according
to the Helsinki declaration). The animals were kept in
animal house in light-dark cycle of 12:12 for at least two
weeks before the experiment. Water and food were pro-
vided ad libitum.

3.2. Surgery

For CCI induction, the animals were anesthetized by in-
traperitoneal (IP) injection of ketamine (80 mg/kg) and
xylazine (10 mg/kg). Then, by blunt incision on the dorsal

surface of the thigh, the right sciatic nerve was exposed
and freed from connective tissue at mid-thigh level just
proximal to its trifurcation. According to Bennet and Xie
model, by using 4/0 chromic CATGUT, four loosely tied
ligatures were applied along 4 mm distance of the ex-
posed nerve (20). Care was taken not to occlude the blood
vessels. Blood circulation was checked by a magnifier
through epineural vessels.

3.3. Treatment

Animals in CCI plus CoQ10 and CCI plus vehicle groups
received 200 mg/kg IP injection of CoQ10 or its vehicle
(Tishcon, NY, USA), respectively, at the same time every
day for ten days. Behavioral study was performed before
the CCI surgery and at fifth and tenth days after the CCI
between 10 AM and 2 PM. At the end of the experiment,
the animals were deeply anesthetized by IP injection of
pentobarbital sodium (45 mg/kg), and blood samples
were collected from their heart to determine vitamin C
level in serum.

3.4. Behavioral Studies

This experiment was a self-controlled experiment and
all animals were behaviorally examined before induction
of the nerve injury, which is indicated as control in the
graphs, plantar test, Analgesymeter test, and Von Frey
test were used for behavioral study. Thermal hyperalge-
sia was evaluated by using a plantar analgesia meter (Ugo
Basile, Varese, Italy). After 30 minutes of habituation pe-
riod in the apparatus, the plantar surface of the injured
hind paw was exposed to a beam of radiant heat through
the glass, and the time from onset of radiant heat ap-
plication to withdrawal of the hind paw was defined as
paw withdrawal latency (PWL). A 25-second cut-off time
was allocated to prevent tissue damage. The average of
three assessments with 5 min intervals were compared
between the groups for radiant heat test. To assess me-
chanical hyperalgesia, increasing pressure was gradually
applied to the right hind paw using an Analgesy meter
(Ugo Basile, Italy). This method allows the determination
of the threshold by vocalization response to mechani-
cal nociceptive stimulation. To study the mechanical al-
lodynia, Von Frey filaments were used. After 15 minutes
of habituation in a chamber located over special mesh
surface, the mechanical stimuli for the plantar surface of
right hind paw was performed by using Von Frey mono-
filaments (Von Frey numbers: 4.56, 4.74, 4.10, 4.31, 4.93,
5.07, 5.18, 5.46 , 5.88 and 6.00). Von Frey filament was ap-
plied perpendicularly to the plantar surface at the base
of the third or fourth toes. Sufficient force was applied to
bend the filament slightly for two to three sec. Each hair
was tested five times. The evaluation was stopped in the
case of three positive responses, but if the responses were
negative or no response was elicited, the next higher fila-
ment was applied.

Thrita. 2014;3(1):e16607
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3.5. Histological Studies

At the end of the experiment, saline was administered
transcardially followed by aldehyde solutions contain-
ing 4% paraformaldehyde and 0.2% glutaraldehyde in 0.1
M phosphate buffer, PH =7.4. By a dorsal incision over the
thoracic region and then laminectomy of defined seg-
ments, the spinal cord was exposed and the lumbar seg-
ments from L4 to L6 were removed according to the rat
anatomical landmarks. For cryoprotection, the segments
were immersed in graded sucrose solution of 30%, 20%,
and 10% sequentially. By using freezing microtome, coro-
nal serial sections of 15 pum thickness were prepared. To
evaluate the number of cells, Nissl staining was used for
certain sections of L4 to L6. Neurons of the equal area (25
pm?) located in laminae I to V of dorsal horn were count-
ed by using Olysia bio report soft imaging system 3.2

3.6. Determination of Plasma Level of Vitamin C

To evaluate the plasma concentration of vitamin C at
the end of experiment, blood sample was taken from
heart prior to perfusion. The plasma was isolated, stored
at -20 °C, and the total vitamin C concentration was de-
termined by enzyme-linked immunosorbent assay (ELI-
SA) method.

3.7. Data Analysis

The results were presented as mean + standard error of
means (SEM). Statistical analysis of data was performed
using SPSS 16. Data were compared among the groups
with two-way analysis of variance (ANOVA) followed by
the Tukey post hoc test. Statistical significance was as-
sumed when P <0.05.

4.Results
4.1. Behavioral Evaluation

4.11. Mechanical Hyperalgesia

The mean threshold of mechanical hyperalgesia in nor-
mal rats before the operation was 14.36 + 0.08 g which
was diminished to 7.25 + 0.21g after CCI and 5.03 £ 0.22
g on fifth and tenth days, respectively. In other words,
chronic constriction injury of sciatic nerve significantly
decreased (P < 0.01) the mechanical threshold in Randall-
Sellitto test. Following CoQ10 treatment, the mean me-
chanical threshold was significantly increased to 21.39 +
0.21g and 20 + 0.21g on fifth and tenth days, respectively,
(P < 0.001, comparing to CCI group). The mechanical
threshold of animals with CoQI0 treatment was even
higher than the mechanical threshold in control ani-
mals. In CCI animals which received vehicle, the mechan-
ical threshold was highly increased to 14.53 + 0.23 and
13.9 £ 23 g on fifth and tenth days, respectively (P < 0.01,
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comparing to CCI group). Significant difference existed
between the two groups of animal treated with CoQ10
and vehicle as shown in Figure 1.

4.1.2. Thermal Hyperalgesia

The mean baseline thermal threshold in control group
was 18.018 * 0.65 sec in plantar test. Nerve injured ani-
mals showed a significant reduction (P < 0.01 comparing
to control) in thermal hyperalgesia on fifth day through
tenth day after the operation indicative of hyperalgesic
state. The mean thresholds in CCI animals were 12.09
0.25 sec on fifth day and 10.59 £ 0.21sec on tenth day after
induction of CCI (Figure 2). In comparison to CCI group, a
significant recovery with restoring the thermal sensitiv-
ity after treatment with CoQ10 or its vehicle was observed
(P<0.001and P < 0.01, respectively). This effect lasted up
to 10 days after CCI. The significant difference observed
between animals treated with vehicle and CoQ10 indicat-
ed more effectiveness of treatment with CoQ10 (P < 0.05).

4.1.3. Mechanical Allodynia

In CCI rats, mechanical allodynia measured with von
Frey filament showed a mechanical pressure threshold
on the nerve-injured side of 5.15+ 0.05 gand 3.5£0.09 g
on fifth and tenth days, respectively. Although no signifi-
cant difference was observed on fifth day after the opera-
tion with control animals, the mean value on tenth day
after the operation was markedly lower (P < 0.001) than
the values determined in control non-injured animals
(5.8 £ 0.05 g). The mechanical threshold to von Frey hair
in animals receiving CoQ10 or its vehicle was markedly
higher than the cut-off filament (No. = 6.00) determined

Figure 1. Effect of IP Administration of CoQ10 on the Development of
Mechanical Hyperalgesia
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CoQ10 and its vehicle increased the mechanical threshold. However, sta-
tistically significant difference was observed between the animals treated
with CoQ10 and vehicle. Data were presented as Mean + SEM. 1y & Yy, P
< 0.01& P < 0.001 compare to CCI; § & §§, P < 0.05 & P < 0.01 compare to
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before nerve ligation in the same animals. None of the
animals treated with vehicle or CoQ10 reacted to the
filaments after the treatment. No significant differences
were observed between control and CoQ10 or vehicle
treated groups (Figure 3).

Figure 2. Effect of IP Administration of CoQ10 on the Development of

Thermal Hyperalgesia
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CoQ10 and its vehicle increased the thermal threshold. However, signifi-
cant difference was observed between the animals treated with CoQ10
and vehicle. Data were presented as Mean + SEM. JJ & J9Y, P < 0.01 & P <
0.001 compare to CCI; §§, P < 0.01 compare to control; *, P < 0.05 compar-
ing between CoQ10 and vehicle.

Figure 3. Effect of IP Administration of CoQ10 on the Development of
Mechanical Allodynia
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CoQ10 and its vehicle increased the mechanical threshold. Significant dif-
ference was observed between fifth and tenth day in CCI animal with no
treatment. Data were presented as Mean + SEM. @@, P < 0.01 comparing
between fifth and tenth day; §§§, P < 0.001 comparing to control; §JJ, P <
0.001 comparing to CCI.

4.2. Histological Evaluation

Nissl staining was used to determine certain changes in
morphometric parameters of the spinal cord segments
related to sciatic nerve. Neurons containing Nissle sub-
stance in the cytoplasm, loose chromatin, and prominent
nucleoli were considered structurally normal. Main spi-
nal cord segments of sciatic nerve including L4, L5 and L6
were studied. The mean numbers of Nissle-positive neu-
rons in all the three segments were significantly higher
in the animals treated with CoQ10 compared to the CCI
animals with no treatment (P < 0.001) (Figure 4). Histo-
logical study showed that the number of morphologi-
cal normal neurons was significantly decreased in CCI
animals compared to control groups (P < 0.001). In ad-
dition, the number of morphologically normal neurons
in the vehicle treated group was significantly lower than
the number of positive neurons in animals treated with
CoQ1o (P < 0.01), (Figure 5).

4.3. Result of Plasma level of Vitamin C

The plasma level of vitamin C was significantly de-
creased after CCI (P < 0.05). Administration of CoQ10 or
its vehicle could not restore the plasma level of vitamin
C (Figure 6).

5. Discussion

The present experiment studied the cell loss in the dor-
sal horn of spinal cord following constriction injury in
rats. It confirms that changes in behavioral assessment
(increased thermal and mechanical sensitivity) corre-
lates with histological changes in the central nervous

Figure 4. The Number of Nissl Positive Cells in Dorsal Horn of Lumbar
Level of Spinal Cord
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CoQ10 and its vehicle prevented cell loss after injury. Data were presented
as Mean + SEM. JJJ &, P < 0.001& P < 0.05 compared to CCI; §§§: P < 0.001,
compared to control; **, P < 0.01 comparing between CoQ10 and vehicle.
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Figure 5. Photomicrographs of the Sciatic Nerve Region of the Ipsilateral
Dorsal Horn of Spinal Cord in Lumbar Level

Sciatic nerve injury decreased the number of Nissl positive cells in the ip-
silateral dorsal horn and injection of CoQ10 prevented cell loss in the sci-
atic nerve region of the spinal cord. A, control; B, CCI; C, vehicle, D, CoQ10;
scale bar =30 pm.

system following the induction of nerve injury in a CCI ani-
mal model. IP injection of CoQ10 effectively improved the
pain threshold and reduced allodynia and hyperalgesia in
an animal model with pre-existing nerve injury. Most im-
portantly, histological improvements were accompanied
by a significant improvement in behavioral assessment
parameters. There are enormous evidences supporting
the idea of cell death in the pathogenesis of neuropathic
pain. It seems that allodynia and hyperalgesia, which oc-
cur after nerve injury, are associated with neuronal apop-
tosis in the superficial lamina of the rat spinal cord (21).

Thrita. 2014;3(1):e16607

Figure 6. Plasma Level of Vitamin C in Different Experimental Groups
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Plasma level of vitamin C was significantly decreased in CCI animals. In-
jection of CoQ10 or its vehicle did not restore the level of vitamin C during
10 days of injection. §, P < 0.05 compared with the control.

Siniscalco D. et al. emphasized on the role of ROS in neu-
ropathic pain acting mainly throughout spinal mecha-
nisms (22). Excessive ROS production changes pro-apop-
totic gene expression of the neurons leading to cell death
(23). Hyperalgesia and allodynia are the two main symp-
toms of neuropathic pain. ROS is also responsible for
induction of hyperalgesia (24). khalil, et al. showed that
following a nerve injury, production of free radicals will
be increased in dorsal horn of the spinal cord (25). They
postulated that this phenomenon leads to cell death and
might be the cause of hypersensitivity in spinal cord (21,
22). ROS are also involved in NMDA receptor phosphory-
lation, which leads to activation of NMDA receptors in
nerve injury models (22, 26). Activation of NMDA recep-
tors is another mechanism for induction of hyperalge-
sia seen after nerve injury (24). In addition, activation
of NMDA receptors following nerve injury leads to cells
death. Glutamate dependent apoptosis following NMDA
activation was also reported after one to three days of
CCI in substantial gelatinous leading to cell lose. These
changes in histological properties of the spinal cord
are simultaneous with hyperalgesia, which is seen after
nerve injury (27). Activation of NMDA receptors following
excessive production of ROS could also lead to decrease
in the antioxidant activity (5). Glutathione is an impor-
tant antioxidant in the nervous system. Reduction in the
level of glutathione after excessive NMDA receptor activa-
tion has been reported. Imbalance between ROS level and
the level of antioxidant agents in the nervous system is
another important mechanism of induction of hyperal-
gesia and allodynia nerve injury (25, 26). ROS are cleared
from the cells by the action of antioxidants (28). Vita-
min C and E are the two well-known antioxidants able
to scavenge the produced ROS. Other antioxidants are
introduced recently and among them, the role of CoQ10
is more emphasized. It has been shown that CoQ10 is a
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potent antioxidant and reduces oxidative stress by reduc-
tion of the ROS production (13, 29). Accordingly, the cell
protective character of the CoQ10 has also been revealed
(30).

Despite the possible well-known role of CoQ10 in apop-
totic conditions, the exact mechanisms of its protective
action are still unknown. It is believed that the most of
the protective effects of CoQ10 is related to the effect of
this coenzyme on elevation and reestablishing the serum
levels of vitamin C or vitamin E. The ameliorative effect
of Vitamin C in neuropathic pain conditions has been
reported by Safarpour and Nasirinezhad (31). Although
CoQI10 is able to elevate vitamin E and C in serum, our
findings did not confirm this regarding the level of vita-
min C following CoQ10 administration. We believe that
the reduction of vitamin C level after CCI is so critical
that CoQ10 could not restore it. It might be due to this
issue that the amount of CoQ10 used in this study was
not enough to reestablish the level of vitamin C in se-
rum. However, it seems that this amount of CoQ10 was
enough to increase the pain threshold and prevent cell
loss. Nevertheless, vehicle used in this experiment con-
tained vitamin C, but serum level of vitamin C in the ve-
hicle treated CCI rats was lower than the normal animals,
and the amount of vitamin C in vehicle was not enough
to restore the reduction in the vitamin C after CCI. We did
not measure the level of vitamin E in serum; therefore, we
could not exclude the role of CoQ10 on the elevation or
changes in the level of this vitamin. Papucci et al. also il-
lustrated a distinct activity for CoQ10. According to their
study, antiapoptotic property of CoQ10 was independent
of its free radical scavenging ability and may be related
to direct inhibition of permeability transition pore (PTP)
opening (32). The PTP is a mitochondrial channel which
makes the mitochondrial membrane collapse if open.
This process finally leads to cell apoptosis. This effect of
CoQ10 might be considered as another reason for our re-
sult. In addition, we found that the vehicle used in this
study had pain-relieving effect and prevented cell lose,
but it was not as effective as CoQ10. The vehicle contains
vitamin E and C, two effective antioxidants able to protect
cells from death during oxidative stress (30, 33). KIM et al.
reported that vitamin E is able to reduce responsiveness
of dorsal horn neurons to mechanical stimuli in neuro-
pathic rats and reduce NMDA receptors phosphorylation
in these cells (34). It is also reported that the analgesic ac-
tion of vitamin E occurs through desensitization of neu-
rons and inactivation of NMDA receptors in neuropathic
rats (31, 34). The same effect has been reported for CoQ10.
It is suggested that CoQI10 is able to decrease the activity
of NMDA receptors and this effect can introduce it as a
good choice for treatment of the neurodegenerative dis-
eases (32).

In conclusion, our study showed for the first time that
IP injection of CoQ10 improves the histological features
in the dorsal horn following damage of the sciatic nerve,

which also correlates with the alleviation of neuropathic
pain responses in an animal model of neuropathic pain.
Therefore, to increase the efficacy of the treatment of
neuropathic pain condition, management may need to
include treatment directed at preventing neuronal loss.
CoQ10 may facilitate promising therapeutic targets for
the treatment of peripheral nerve injury. However, more
studies are needed to confirm our findings.
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