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ABSTRACT

Introduction: Neuropathic pain (NP) is caused by damage to the somatosensory system.
Nerve damage often results in chronic pain states, including hyperalgesia and allodynia.
This study aims to evaluate the anti-nociceptive effects of atorvastatin, vitamin C, and their
combination on various laboratory tests in an experimental model NP in rats.
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Methods: To assess the analgesic effects of atorvastatin (5 and 10 mg/kg), vitamin C (500
mg/kg), and their co-administration on chronic constriction injury (CCI) was induced in rats.
Behavioral tests, motor nerve conduction velocity (MNCV), pro-inflammatory cytokines, and
oxidative markers were measured. Furthermore, histopathological examination was performed.

Results: In the present study, it was found that the CCI model can significantly cause
hyperalgesia and allodynia on the 21%postoperative day. It was found that the co-administration
of vitamin C and atorvastatin has attenuating effects on allodynia and hyperalgesia. Co-
administration of vitamin C and atorvastatin also improved MNCV. In the treatment groups,
the inflammatory reactions and oxidative markers decreased. Moreover, the co-administration
of atorvastatin and vitamin C decreased the perineural inflammation around the sciatic nerve.

Keywords: ¢ Conclusion: The results of this study showed that vitamin C potentiates the analgesic effects
Atorvastatin, Vitamin C, . of atorvastatin in this model of experimental pain, and simultaneous consumption of these
Neuroprotective, . medications may be considered as effective therapeutics for NP. The protective properties
Anti-inflammatory, :  of atorvastatin, and vitamin C, and their combination on the NP that were assessed can be
Antioxidative, Rats ¢ regarded as a novelty for this study.
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Highlights
e The co-administration of atorvastatin and vitamin C significantly decreases inflammatory cytokines.
e The co-administration of atorvastatin and vitamin C significantly decreases stress oxidant markers.

e The co-administration of atorvastatin and vitamin C significantly attenuated nociceptive effects.

Plain Language Summary

Nerve damage causes the deposition of inflammatory factors and or oxidative stress at the site of injury, which in turn
activates glial cells that are involved in increasing the inflammatory process by producing and releasing pro-inflammatory
agents and oxidative stress. Among statins, atorvastatin is a drug to reduce inflammation, and its effectiveness has been
recorded as an antioxidant effect. Vitamin C is known as a neuroprotective agent. Ascorbate inhibits the production of
interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in monocytes in high doses (20 mM) by inhibiting them. The
rats were randomly divided into 7 groups of 10 animals as follows: 1: Sham-operated, 2: Chronic constriction injury
(CCI), 3: CCI+vitamin C (500 mg/kg), 4: CCl+atorvastatin (5 mg/kg), 5: CCl+atorvastatin (10 mg/kg), 6: CCI+vitamin
C (500 mg/kg)+atorvastatin (5 mg/kg), and 7: CCl+vitamin C (500 mg/kg)+atorvastatin (10 mg/kg). The results of
the present study indicated that the anti-inflammatory, antioxidant, and neuroprotective properties of vitamin C and
atorvastatin improved the effects of CCI in an empirical neuropathic in rats. Moreover, it was shown that the associated
treatment with vitamin C and atorvastatin can reduce inflammatory factors, such as TNF-a and IL-6, and oxidative
markers, such as glutathione peroxidase (GPx), superoxide dismutase (SOD), and malonaldehyde (MDA), while the

nerve conduction velocity enhanced and inflammation decreased in histology studies in CCI rats.

1. Introduction

europathic pain (NP) refers to a chronic and

disabling condition that can develop after

an event that causes disease or damage to

central or peripheral nerves. This suffering

condition can affect the daily activities of

millions of people worldwide (Hall et al.,

2006). Allodynia and hyperalgesia are the
two most prominent features of NP (Woolf & Mannion,
1999). Traumatic NP can be diagnosed by various symp-
toms, including persistent stimulus-independent pain or
spontaneous pain, after abnormal sensory perception,
such as hyperalgesia and dysesthesia, or abnormal pain,
and eventually allodynia (Dworkin et al., 2003). Also,
assessing the conduction velocity of the motor nerve (in-
dex of the rate of transmission of an electrical impulse)
is one of the crucial criteria for the speed of transmission
of pain signals that can be used in pain models (Chen
et al., 2022; Richards et al., 2021). Several studies have
indicated that a reduced nociceptive threshold is asso-
ciated with increased inflammatory mediators, leading
to symptoms of hyperalgesia and allodynia (Woolf &
Mannion, 1999). Nerve damage induces a precipitate of
inflammatory factors at the injury region, leading to the
activation of the glial cells, responsible for increasing
the inflammatory process by the production and release

of proinflammatory factors (Tracey & Walker, 1995).
Oxidative stress can decline the immune system by re-
ducing the production of antioxidants, and in turn, in-
crease the secretion of inflammatory factors in the DRG,
nerve, and spinal cord (Li et al., 2014; Sandireddy et al.,
2016). Statins, such as atorvastatin are known for their
roles in lowering serum lipids. However, previous stud-
ies have shown that anti-inflammatory properties and
their subsequent therapeutic effects are crucial in differ-
ent diseases, including cancer, arthritis, and Alzheimer’s
disease (Ghaisas et al., 2010). One of the anti-inflam-
matory activities of statins is associated with inhibiting
mediators of inflammation, such as interleukins (IL-1,
2, 4, 5, 10, 12), C-reactive protein, and tumor necrosis
factor-a (TNF-a) (Schonbeck & Libby, 2004; Taubes,
2002). Amongst statins, atorvastatin is a well-known
drug capable of directly reducing inflammation (Grip et
al., 2008). Furthermore, it is an efficient antioxidant (Li
et al., 2010). Vitamin C is known as a neuroprotective
agent (Pavlovic et al., 2009; Shah et al., 2015). Ascorbate
in high doses (20 mM) interferes with the production of
IL-6 and TNF-a by inhibiting the monocytes (Hartel et
al., 2004). The inflammatory gene expression caused by
phorbol myristate acetate (PMA)-activated neutrophils
may be changed by vitamin C. It has been shown that
vitamin C can be effective in inhibiting the production
and expression of cytokines, such as cyclooxygenase-2
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(COX-2), IL8, TNF-a, and nuclear factor-«f3 (NFxf) in
response to phorbol myristate acetate (PMA) (Capo et
al., 2015). Moreover, ascorbate exists in blood flow and
normal circulating human neutrophils hold ascorbate in
millimolar concentrations (Tauler et al., 2002).

Many studies have shown that ascorbic acid has a sig-
nificant antioxidant effect by scavenging reactive oxygen
species (ROS) (Bode, 1997). Vitamin C is considered an
essential nutrient for all animals and plants, and it is re-
quired for the process of metabolism and also for protec-
tion against oxidative stress (Padayatty et al., 2003).

This study was conducted to evaluate the synergism ef-
fects of atorvastatin and vitamin C co-treatment for pro-
tection against neuropathic disorders caused by chronic
constriction injury (CCI), while the behavioral tests and
anti-inflammatory, as well as antioxidant properties,
have been considered in rat models.

2. Materials and Methods
Materials

The chemicals needed to perform this study include
atorvastatin (Sigma, St. Louis, MO, USA), vitamin C
(L-ascorbic, Sigma), IL-6 and TNF-a, glutathione per-
oxidase (GPx), superoxide dismutase (SOD) enzyme-
linked immunosorbent assay (ELISA) kits (Abcam,
USA), malonaldehyde (MDA), and antibody NF-kB
ELISA kits (Abcam, USA).

Animals and housing conditions

Seventy male adult Sprague-Dawley rats with a
weight range of 220-240 g were purchased from the
Animal House of Lorestan University of Medical Sci-
ences (Khorramabad, Iran) and maintained in normal
conditions, i.e. temperature at 22°C+2°C, the humidity
of almost 45%, and 12 h light/dark cycle without any
restriction to access water and standard food. The Ethical
Committee confirmed all animal protocols for this study
(Zimmermann, 1983).

Experimental design

The rats were randomly divided into 7 groups (10 rats
in each group) as follows: 1: Sham-operated, 2: CCI ve-
hicle-treated (CCI), 3: CCI+vitamin C (vit C) (500 mg/
kg), 4: CCl+atorvastatin (ATOR) (5 mg/kg), 5: CCl+ator
(10 mg/kg), 6: CCI+vit C (500 mg/kg)+ator (5 mg/kg),
and 7: CCI+vit C (500 mg/kg)+ATOR (10 mg/kg).

November & December 2023, Vol 14, No. 6

Drug preparation

In this study, atorvastatin and vitamin C were solved
by aqueous (distilled water), and both of these drugs
were injected freshly and intraperitoneally (i.p.) daily for
treatment (for 21 days.).

Surgery

The sciatic nerve injury was induced using the CCI
model of NP (Bennett & Xie, 1988). After injecting thio-
pental for anesthesia (35 mg/kg), the considered nerve
was found (sciatic nerve). Subsequently, without inter-
rupting the blood flow, the sciatic nerve around four liga-
tures was loosened. According to the reference, the dis-
tance between these ligatures is 1 mm. The sterilization
of the wound was carried out with normal saline (0.9%).
Finally, for the surgical suture, the wound was closed in
two layers with non-absorbable sutures 4-0 (face surface)
and, if necessary, surgical skin staples were performed.
Likewise, the same surgical procedure was performed for
the sham-operated group except for the ligation.

Thermal stimulation tests

Behavioral assessments were done on the 3%, 7% 14",
and 21* days following the ligation in two steps. The
tests began with heat hyperalgesia stimulation and then
mechanical allodynia with an interval time of 120 min-
utes for two tests.

Heat hyperalgesia stimulation (hot plate test)

Eddy’s hot plate method was used to achieve the ther-
mal hyperalgesia threshold. The rats were positioned on
the plate while the temperature was set at 52.5°C+1.0°C.
Then, withdrawal latency was noted regarding the lick-
ing of the hind paw in a few seconds. A period of 15 s
was considered as the exposure time (Jain et al., 2009).

Mechanical hyperalgesia (pin prick)

Gauge needles (at 90") were exposed to the hind paw
with a certain intensity to penetrate the skin. A maximum
cut-off time of 20 s was measured for the duration of with-
drawing the paw (Park et al., 1995; Kukkar et al., 2013).

Cold allodynia (acetone test)

Initially, we located the rats’ hind paws on a wire mesh. Sub-
sequently, the stimulation was induced by spraying 100 puL of
acetone without any skin exposure. Then, the reactions of the
rats to acetone were noted in 20 s and scored according to the
Kukkar and Singh scale in their protocol (Kukkar et al., 2013).
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Mechanical allodynia (von Frey test)

Von Frey filaments were used to induce mechanical al-
lodynia (steeling, Wood Dale, IL, USA) in the following
order: 0.6, 1.0, 1.4, 2.0, 4.0, 6.0, 8.0, 10.0, 15.0, 26.0,
and 60 g. To complete the test, laboratory work was per-
formed according to the protocol used in previous papers
(Abed et al., 2015).

Motor nerve conduction velocity test (MNCV)

To study the conduction velocity, electrophysiologi-
cal experiments were used 21 days after the induction
of CCI. First, the rats were anesthetized using thiopen-
tal (35 mg/kg). Subsequently, the sciatic nerves situated
near the sciatic notch and distal to the knee were stimu-
lated by a Nicolet Viking Quest machine, while the body
temperature was kept at 37°C during the experiment (Ni-
colet Biomedical, Madison, WI). The action potential
was then measured using unipolar pin electrodes from
the ankle (Hasegawa et al., 2006). Finally, MNCV (m/s)
was calculated as Equation 1:

1. MNCV=D/(PL-DL).

(D=Distance in meters, PL=proximal latency in sec-
onds, DL=distal latency in seconds).

Enzyme-linked immunosorbent assays (ELISA):

After spinal dislocation, the process continued with the
removal of the fresh spinal cord, followed by the mea-
surement of TNF-a, IL-6, GPx, SOD, and MDA levels.
To begin, the fresh spinal cord between L4-L5 segments
was removed right after MNCV measurements on the
21% day. Then, a glass homogenizer was used to homog-
enate the tissue with 0.9% saline at 2500 r/min for 10
minutes. Homogenate supernatant (10%,w/v) was sepa-
rated for these tests (Li et al., 2008).

Histological examination of nerves:

To carry out this examination, sciatic nerves were separated
after MNCYV evaluation and their semithin sections (5 pm)
were prepared and stained by hematoxylin and eosin. Sub-
sequently, a pathologist who was unaware of the numbering
of tissue samples analyzed the slides (Brummett et al, 2009).

Statistical analysis

The results were shown as Mean+SEM. The data obtained
from behavioral tests were analyzed using a two-way anal-
ysis of variance (ANOVA). Furthermore, biochemical tests
and MNCYV test were examined using a one-way ANOVA,

Basic and Clinical

and GraphPad Prism software, version 5. A P<0.05 was
considered statistically significant. The sample size was
calculated via power calculations using G"Power software,
version .3.1.7. a error and power (1-f) were set at 0.05 and
0.8, respectively, and the total sample size needed for each
was calculated as 8-10 animals. Hence, ten rats were se-
lected in each group.

3. Results

Effects of the administration of vitamin C and
atorvastatin on thermal hyperalgesia

One-way ANOVA analysis indicated significant differ-
ences between the experimental groups in levels of thermal
hyperalgesia on days 7% (F g 01756, P<0.00251), 14t
(F=48.36,P<0.001) and 21*(F . _ =163.84, P<0.001).

(6, 60) (6, 60)

The hind paw reaction in the CCI group on the 7" day
after the surgery showed a significant reduction in ther-
mal hyperalgesia compared to the sham group indicating
successful model induction. On this day, no significant
results were observed between other groups compared
to the sham. Moreover, it was found that on the 14" and
21% days after considering CCI, all the treatments sig-
nificantly attenuated thermal hyperalgesia compared to
the CCI group. Nevertheless, the best treatment was ob-
served in the last group on the 21* day (Figure 1).

Effects of the administration of vitamin C and
atorvastatin on mechanical hyperalgesia

One-way ANOVA analysis revealed significant differ-
ences between the experimental groups regarding the
levels of thermal hyperalgesia on the 7% (F(ﬁg o0-23-54,
P<0.001), 14" (F ,,=56.34, P<0.001) and 21" (F g
602045, P<0.001) days.

On the third day after CCI, a significant difference was
observed between group II and the sham group, but other
groups did not demonstrate a significant difference with
the sham group. On the 14"% and 21* days after consider-
ing CClI, the co-administration of vitamin C and atorvas-
tatin could improve mechanical hyperalgesia compared
to other treatment groups (Figure 2).

Effects of the administration of vitamin C and
atorvastatin on cold allodynia

One-way ANOVA analysis showed a significant dif-
ference between the experimental groups regarding the
levels of thermal hyperalgesia on the 7% (F o 604861,
P<0.001), 14" (F ,,=85.96, P<0.001) and 21* (F ¢
o0 128.64, P<0.001) days.
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Figure 3 shows that the increased response to the stim-
ulus on a leg with neuropathy is characteristic of induc-
ing NP in these animals. Vitamin C, atorvastatin 5, and
10 mg/kg in monotherapy attenuated sensitivity, and a
significant difference was observed between this group
and the CCI group. Moreover, the analysis showed that
the treatment management strategies of the rats by com-
bining these drugs for 21 days effectively reduced the
number of times paw excreted into the non-noxious
stimulus acetone.

Effects of the administration of vitamin C and
atorvastatin on mechanical allodynia

One-way ANOVA analysis revealed a significant dif-
ference between the experimental groups regarding the
levels of thermal hyperalgesia on the 7% Fg o731
P<0.0025), 14" (F (,=95.31, P<0.001) and 21% (F ¢
o0 08.54, P<0.001) days.

Figure 4 shows the results of behavioral tests. Since the
induction of CCI, the hind paw became sentient to me-
chanical stimuli, even with the feeble filament tested. The
comparison of the CCI animals with the sham rats at the 3%
(P<0.01), 7" (P<0.001), 14" (P<0.001), and 21%* (P<0.001)

Cold Allodynia

Allodynia Score
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days showed a remarkably elevated response to the stimu-
lus by the rats. On the 14" and 21* days after the induction
of CCI, the rats treated with vitamin C or atorvastatin (5
or 10 mg/kg) exhibited a significant difference regarding
withdrawal threshold compared to the sham rats. Further-
more, it was found that on the 7%, 14% and 21* days after
considering CCI, the co-administration of vitamin C and
atorvastatin (10 mg/kg) in CCI animals improved mechani-
cal allodynia better than other CCI groups.

Effects of the administration of vitamin C and
atorvastatin on MNCV

MNCYV results showed a significant difference in the
CCI group compared to the sham group (P<0.001).
The CCI rats treated with vitamin C or atorvastatin for
three weeks exhibited an improvement in their MNCVs
as compared to group II. However, groups VI, and VII
exhibited significant increases (respectively, P<0.01,
P<0.001) compared to the CCI group. This result sug-
gests that co-treatment vitamin C and atorvastatin can
significantly improve the MNCV (Figure 5).

B Sham

ccl

ccl+Vvitc

CCl+ ATOR (5 mg/kg)

CCl+ ATOR (10 mg/kg)

2 CCl+ VitC + ATOR (5 mg/kg)
Y CCI+ VitC + ATOR (10 mg/kg)

Figure 3. Effects of the co-administration of vitamin C and atorvastatin, and vitamin C or atorvastatin alone on CCl-induced

cold allodynia assessed by the acetone test (n=10 rats per group)

#P<0.05 vs Sham, #P<0.01 vs Sham, *#P<0.001 vs Sham, P<0.05 vs CCI, "P<0.01 vs CCI, "P<0.001 vs CCL
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###

Paw withdrawal latency (g)

November & December 2023, Vol 14, No. 6

BH¥ Sham

CCl

CCl+ VitC

CCl+ ATOR (5 mg/kg)

CCl+ ATOR (10 mg/kg)

CCl+ VitC + ATOR (5 mg/kg)
CCl+ VitC + ATOR (10 mg/kg)

Figure 4. Effects of the co-administration of vitamin C and atorvastatin, and vitamin C or atorvastatin alone on CCI-induced
mechanical allodynia assessed by the von Frey test (n=10 rats per group)

#P<0.05 vs Sham, ##P<0.01 vs Sham, ##P<0.001 vs Sham, P<0.05 vs CCI, "P<0.01 vs CCI, "P<0.001 vs CCI.

Assessment of the levels of TNF-a and interleu-
kin-6 (IL-6)

The CCI animals showed a significant increase in the
serum levels of TNF-a (Figure 6) and IL-6 (Figure 7)
compared to the sham group. All the treatments signifi-
cantly reversed these changes and the efficacy of the
treatment was dose-dependent.

Assessment of the levels of biochemical param-
eters in CCI-induced NP

Biochemical parameters, including MDA as lipid
peroxidation marker, GPx, and SOD as antioxidant en-
zymes were measured. CCI induced oxidative stress via
significant decreases in the GPx (Figure 8) and activ-
ity of SOD (Figure 9), and a significant increase in the
MDA level (Figure 10) in the spinal cord compared to
the sham group. All the treatments significantly attenu-
ated the levels of marked oxidative stress compared to
the CCI group, and atorvastatin showed dose-dependent
effects with vitamin C.

Perineural inflammation in the sciatic nerve

No signs of inflammation were observed in the sciatic
nerve among the rats in the sham group. Moreover, his-
topathological examination showed that perineural in-
flammation was evident in the CCI groups, indicating

that it causes NP in the sciatic nerve (score=3). All the
treatment groups largely reversed these changes. Fur-
thermore, histological examination indicated low levels
of inflammation around the sciatic nerve in the CCI mice
treated with the combination of vitamin C and atorvas-
tatin (5 or 10 mg/kg) (score=1).

4. Discussion

The results of the present study revealed that thermal
hyperalgesia was significantly reduced in all treated
groups compared to the CCI group on the 14" and 21%
days. Moreover, co-administration of vitamin C and
atorvastatin was effective in decreasing the hind paw
withdrawal threshold caused by CCI. It was also ob-
served that the paw withdrawal rate to non-noxious
stimulus acetone was effectively decreased in co-treated
groups for 21 days. Likewise, the co-administration of
vitamin C and atorvastatin resulted in a minor elevation
of the withdrawal threshold on the 7%, 14%, and 21% days.
MNCV was another parameter that was effectively en-
hanced after treatment of the rats with the combination
of vitamin C and atorvastatin for 21 days in group VII
compared to group II. Finally, the co-administration of
atorvastatin and vitamin C improved the perineural in-
flammation around the sciatic nerve.

Abbaszadeh., et al. (2023). Antinociceptive Effects of Atorvastatin and Vitamin C in Chronic Constriction Injury Rats. BCN, 14(6), 727-740.
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Sham

CClI

*kk

CCl+VitC

CCl+ ATOR (5 mg/kg)

CCl+ ATOR (10 mg/kg)

CCl+ VitC + ATOR (5 mg/kg)
CCl+ VitC + ATOR (10 mg/kg)

ERE NN N

30

Figure 5. Effects of the co-administration of vitamin C and atorvastatin, and vitamin C or atorvastatin alone on MNCV in the

sciatic nerve (n=10 rats per group)

"P<0.5, "P<0.01 and “"P<0.001 compared to the CCI group.

NP is a condition affecting the nervous system follow-
ing an injury or disease, such as diabetes, cancer, mul-
tiple sclerosis, virus diseases, etc. Many people are af-
fected by its harmful consequences all over the world
(Amin & Hosseinzadeh, 2012). Allodynia and hyperal-
gesia are the two major indicators to describe the condi-
tions of NP (Jensen & Finnerup, 2014). CCl is one of the
main models used to induce and evaluate NP worldwide
(Okamoto et al., 2001). One of the possible mechanisms
that is highly effective in causing neurological pain,

TNF-alpha assessment
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particularly the NP associated with diabetes, is the pro-
duction of ROS (Naziroglu et al., 2012). This study was
conducted to evaluate the reducing effect of co-treatment
with atorvastatin and vitamin C on NP induced by CCl in
mice through their anti-inflammatory, antioxidant, and
neuroprotective effects. Several studies have evaluated
the effects of compounds and medications on behavioral
tests. One of them examined the effect of ethanolic saf-
fron extract on thermal hyperalgesia. It was found in
that research that chronic treatment can significantly

Sham
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Figure 6. Effects of the co-administration of vitamin C and atorvastatin, and vitamin C or atorvastatin alone on TNF_a in the

spinal nerve (n=10 rats per group)

"P<0.5, "P<0.01 and ""P<0.001 compared to the CCI group.
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Figure 7. Effects of the co-administration of vitamin C and atorvastatin, and vitamin C or atorvastatin alone on IL-6 in the

spinal nerve (n=10 rats per group)

"P<0.5, "P<0.01 and ""P<0.001 compared to the CCI group.

reduce dose-dependent thermal hyperalgesia (Amin &
Hosseinzadeh, 2012). It has been shown that reducing
the blood flow inside the nerve can lead to oxidative
stress and ultimately reduce the conduction nerve veloc-
ity (Sirisha et al., 2021), and this reduction in velocity
can indicate nerve damage and consequent conduction
disturbance. However, the results of this study showed
that Co-treatment with vitamin C and atorvastatin can
significantly improve MNCV by anti-inflammatory and
antioxidant effects.

GPx assessment

* k%

protein
%
*

u/mg-

All the treatments significantly reduced these inflamma-
tory markers mainly with hybrid groups. Today, the central
role of pro-inflammatory cytokines, such as TNF-a, IL-1,
and IL-6 in NP has been shown. This is a link between in-
flammation and hyperalgesia, particularly the withdrawal
threshold (Sommer & Kress, 2004). Hence, therapeutic
agents, such as atorvastatin can be efficient in reducing
neuritis. Statins, particularly atorvastatin, in addition to
their other effects, have anti-inflammatory effects. Atorv-
astatin has been reported to reduce inflammation through
the downregulation of nuclear NF«kB (Chu et al., 2015).

Sham

CcCl

CCl+ VitC

CCl+ ATOR (5 mg/kg)

CCIl+ ATOR (10 mg/kg)

CCl+ VitC + ATOR (5 mg/kg)
CCl+ VitC + ATOR (10 mg/kg)

LIRS RN N

Figure 8. Effects of the co-administration of vitamin C and atorvastatin, and vitamin C or atorvastatin alone on GPx in the

spinal nerve (n=10 rats per group)

"P<0.5, "P<0.01 and ""P<0.001 compared to the CCI group.
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Figure 9. Effects of the co-administration of vitamin C and atorvastatin, and vitamin C or atorvastatin alone on SOD in the

spinal nerve (n=10 rats per group)

"P<0.5, "P<0.01 and ""P<0.001 compared to the CCI group.

A similar study showed that atorvastatin can significantly
lower IL-1p levels after treatment (Pathak et al., 2013).
Other treatments, such as pyrroloquinoline, quinone, and
genistein were used to significantly reduce inflammatory
cytokines, including TNF-q, IL-1B, and IL-6 (Gong et al.,
2012; Valsecchi et al., 2008). Furthermore, all the treat-
ments significantly reduced oxidative stress marker lev-
els compared to the CCI group. The combination therapy
significantly lowered MDA levels and increased GPx as
well as SOD levels. It has been indicated that ROS are
central to the prevention of heat hyperalgesia (Lee et al.,

MDA assessment

2077

- protein
*
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nmol/mg
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2007). Therefore, the presence of compounds that have
activities similar to antioxidant enzymes is essential to
prevent NP. Hence, atorvastatin as an antioxidant drug
has anti-analgesic effects. Another study evaluated the
effect of atorvastatin on reducing NP. It was shown that
atorvastatin can reduce MDA levels. Atorvastatin also in-
creased SOD, catalase (CAT), and glutathione-S-transfer-
ase (GST) activity. Moreover, glutathione (GSH) levels
increased following atorvastatin therapy (Pathak et al.,
2014). Also, histological studies have shown low levels of
inflammation around the sciatic nerve in CCI mice treat-
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Figure 10. Effects of the co-administration of vitamin C and atorvastatin, and vitamin C or atorvastatin alone on MDA in the

spinal nerve (n=10 rats per group)

"P<0.5, "P<0.01 and ""P<0.001 compared to the CCI group.
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ed with vitamin C or atorvastatin. A similar study found
that treatment with amiloride and pralidoxime can reduce
CCl-induced dysfunction and degeneration (Muthuraman
et al., 2008). Another study indicated that acurus extract
can significantly reduce CCl-induced fiber abnormalities,
nerve fiber swelling, and neuroglial cell activation (Muth-
uraman & Singh, 2011).

5. Conclusion

This study showed that the anti-inflammatory, antioxi-
dant, and neuroprotective properties of combined treat-
ment with vitamin C and atorvastatin can improve the
complications of CCI in an experimental neuropathic
model in mice. The results of the present research re-
vealed that concomitant treatment with vitamin C and
atorvastatin can attenuate inflammatory cytokines (such
as TNF-a and IL-6) and oxidative markers (such as GPx,
SOD, and MDA), enhance nerve conduction quality and
histopathological scores and improve the sciatic nerves.
Since the protective properties of the combination of
atorvastatin and vitamin C have remained largely unno-
ticed, this study opens a new horizon to understand the
efficiency of this procedure.
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