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Abstract

Aim: Crush injury damages the nerve, affects its function and causes oxidative stress.
Alpha-lipoic acid (ALA) is an antioxidant agent with protective effects on the nerve tissue.
In this study, we aimed to investigate the effects of ALA in the treatment of crush sciatic
nerve injury in rats.

Materials and Methods: Forty rats were divided into five groups. Walking Track
Analysis (WTA) was performed in all groups before sacrificing the sciatic nerve. In group
I (sham group), the sciatic nerve was exposed but not crushed, whereas in group II (early
control group, 24'® hour), group III (late control group, 7** day), group IV (early exper-
imental group, 24" hour), and group V (late control group, 7" day), the sciatic nerve
was exposed and clipped with an aneurysm clip for 300 seconds. One hour after the crush
injury, subjects in groups II and III were given saline (2.5 ml, intraperitoneally), while
ALA (100 mg/kg, intraperitoneally) was administered in Groups IV and V. WTA was per-
formed in GrouEs I, 11, and IV at the 24" hour after clipping and was performed in Groups
III and V at 7*" day after clipping. In all groups, the Sciatic Functional Index (SFI) was
calculated after WTA. Following the completion of WTA, sciatic nerve tissue samples were
obtained for the measurement of malondialdehyde (MDA), superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px) and catalase (CAT) enzyme values.

Results: The SFI scores in groups II, III, IV, and V were significantly lower than that
of sham group (p<0.05), while no significant difference was found between groups II and
IV and between groups III and V (p>0.05). The CAT values of groups II and IV, the
GSH-Px value and MDA value of group IV, and the SOD values of groups II and IV
were found to be significantly higher than those of sham group (p<0.05). However, no
significant difference was found among groups I, III, and V with regard to CAT, GSH-Px,
MDA and SOD values (p>0.05).

Conclusion: The results indicated that a single dose of ALA (100 mg/kg) administered
intraperitoneally one hour after the sciatic nerve crush injury had no therapeutic efficacy
at 24 hours and 7 days after the administration. Further experimental studies are needed
to evaluate the effectiveness of ALA applied in several doses rather than a single dose in
crush peripheral nerve injury models.

@@@@ Copyright (© 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
ol under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

perforating injuries, abnormal sleeping positions, external
pressure, internal compression, ischemia and injection that

Etiological factors that cause peripheral nerve injuries
(PNIs) are highly variable, and these injuries are mostly
caused by trauma. The incidence of traumatic PNIs is
2-2.8% [1]. Blunt trauma has many types, including lacer-
ation, contusion, stretching, and traction, penetrating and
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may occur during anesthesia, electric shock, and thermal
injury [2]. After PNI, ischemic and inflammatory processes
begin, which may increase neurological symptoms. Exper-
imental studies have tried various drugs, metabolites, and
chemicals have been tried for PNI treatment and many
studies are still ongoing [3].

Alpha-lipoic acid (ALA) is a naturally occurring com-
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pound that exist in many prokaryotic and eukaryotic cell
structures [4]. ALA is an antioxidant that plays an im-
portant role as a cofactor in most mitochondrial reactions
and with immunomodulatory and neuroprotective effects
[5]. An important feature of ALA is its water and oil solu-
bility and thus crosses the blood-brain barrier and is eas-
ily distributed throughout the body, including the nervous
system [6].

ALA has significant antioxidant effects and a protective
effect on nervous tissues in experimental models of central
and peripheral nervous system disorders such as trauma,
stroke, and diabetes, and has been recommended for treat-
ing oxidative disorders of the nervous system [7]. One of
our previous studies revealed that the protective ALA ap-
plication in a rat model before injury reduces nerve tis-
sue damages in PNI [8]. Few studies on the therapeu-
tic efficacy of post-injury administration of ALA in PNI
are reported. In real life, patients present to hospitals af-
ter trauma, thus the protective effective of ALA does not
matter in daily practice. We planned a study in the same
experimental protocol in our previous study, in which we
demonstrated the presence of a protective effect, to evalu-
ate the therapeutic effect of post-traumatic ALA applica-
tion.

Materials and Methods

In this study, as a hypothesis, we aimed to investigate the
effects of ALA in the treatment of crushed sciatic nerve
injury in rats. This study was conducted in Bagcilar
Training and Research Hospital Experimental Research
and Skills Development Center. Prior to the study, an ap-
proval was obtained from the Ministry of Health Istanbul
Bagcilar Training and Research Hospital Animal Experi-
ments Ethics Committee (Date: 02.07.2015; No: 2015/31).

The study included 40 female Sprague-Dawley rats weigh-
ing 250-350 g. All the animals had free access to a standard
diet and tap water.

Forty animals with the same characteristics were randomly
assigned to each group (five groups) and then the exper-
iments were started. Non-probable (haphazard sampling)
sampling method and single-blind method was used in this
study.

Groups

e . Sham group: The sciatic nerve was explored and the
incision was closed without performing any procedure.
Sciatic nerve samples were taken 24 h later.

II. Early control group: The sciatic nerve was ex-
plored, and 100 mg/kg intraperitoneal (IP) saline was
administered 1 h after nerve crush injury induction.
Sciatic nerve samples were taken 24 h after the nerve
crush injury.

III. Late control group: The sciatic nerve was explored
and 100 mg/kg IP saline was administered 1 h after
nerve crush injury induction. Sciatic nerve samples
were taken 7 days after the nerve crush injury.

IV. Early experimental group: The sciatic nerve was
explored and 100 mg/kg IP ALA injection was admin-
istered 1 h after inducing nerve crush injury. Sciatic
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nerve samples were taken 24 h after the nerve crush
injury.

e V. Late experimental group: The sciatic nerve was
explored and 100 mg/kg IP ALA injection was admin-
istered 1 h after inducing nerve crush injury. Sciatic
nerve samples were taken 7 days after the nerve crush
injury.

Walking Track Analysis (WTA) was performed and the
Sciatic Functional Index (SFI) was calculated for clini-
cal evaluation in all groups before the experiment, at a
time after inducing sciatic nerve crush injury and before
collecting sciatic nerve samples. Sciatic nerve tissue sam-
ples obtained from all experimental groups were placed on
saline-containing centrifuge tubes.

Surgical technique

The animals were anesthetized with 7 mg/kg of xylazine
and 80 mg/kg of ketamine. Under a surgical microscope,
the right sciatic nerve was explored by dissecting the bi-
ceps in the right gluteal region. Subsequently, compression
was performed for 5 min using a titanium aneurysm clip at
a location approximately 1.5 cm proximal to the separa-
tion point of the tibial and peroneal nerves to create crush
injury on the nerve, and then a 5-min waiting period was
employed for revascularization.

WTA and SFI

WTA and SFI were employed to evaluate the motor func-
tion of the rats. A walking track (length: 42 cm, width:
8.2 c¢m, and height: 12 c¢m), which had an open end to
establish a path to a dark room, was used for evaluating
the walking ability of the rats. A white-colored graph pa-
per was placed on the walkway and then both hind paws
of the rat were dipped in ink and the rat was required
to walk along the walkway several times. After the rat
learned to walk toward the darkroom, the most appro-
priate footprints on the paper were used for the anal-
ysis. In the footprints, the distance between the heel
and the most distal part of the toe (print length [PL]),
the distance between the first and fifth toes (toe spread
[TS]), and the distance between the second and fourth
toes (intermediate T'S [ITS]) were measured using a mil-
limeter ruler. The values obtained after measurements
were used for calculating the SFI based on the formula
developed by De Medinacelli and later modified by Bain
et al. (SFI1=-38.3¢[(EPL-NPL)/NPL]+109.5z((ETS-
NTS)/NTS|+18.3x[(EIT-NIT)/NITJ-8.8) The resultant
SFI value varied between 0 and -100, whereby “0” indi-
cated normal function and “-100” indicated a complete loss
of function. The SFI values were statistically compared
among the groups [9,10].

Biochemical measurements

Superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GSH-Px), and malondialdehyde (MDA) mea-
surements were made from the tissue samples obtained
from the subjects. Measurements were performed using
the Micro enzyme-linked immunosorbent assay (ELISA)
method with a commercially available ELISA kit (Sunred
Biotechnology Company).
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Statistical analysis

In order to test the hypothesis of the research, the fol-
lowing statistical methods were used. Data were analyzed
using the Statistical Package for the Social Sciences for
Windows version 23 (Armonk, NY: IBM Corp.). Descrip-
tive data were expressed as frequencies (n), percentages
(%), mean, standard deviation, median, and minimum-
maximum values. The normal distribution of variables
was assessed using Kolmogorov-Smirnov test. Indepen-
dent continuous variables were compared using the One-
way analysis of variance followed by the posthoc Tukey
test as well as the Independent Samples t-test, Kruskal-
Wallis and Mann-Whitney U test. A p value of < 0.05
was considered significant.

Results
SFI

The SFI scores of the sham group were significantly higher
than those of the early control and early experimental
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Figure 1. Sciatic Functional Index (SFI) scores.
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Figure 2. Superoxide dismutase (SOD) levels.

groups (p<0.05), whereas no significant difference was
found between the early control and early experimental
groups (p>0.05). The scores of the sham group were sig-
nificantly higher than those of the late control and late
experimental groups (p<0.05), whereas no significant dif-
ference was found between the late control and late exper-
imental groups (p>0.05). Moreover, no significant differ-
ence was found between the scores of early and late con-
trol groups (p>0.05). Similarly, no significant difference
was established between the early and late experimental
groups (p>0.05). All the SFT scores are presented in Ta-
bles 1, 2, 3,4 and Figure 1.

Biochemical analysis
SOD determination

A significant difference was found among the sham, early
control, and early experimental groups about SOD value
(p<0.05). The mean SOD value (ng/mg tissue) was sig-
nificantly lower in the sham group compared to the early
control and experimental groups (p<0.05). No significant
difference was found between the early control and early
experimental groups, among the sham, early control, and
early experimental groups, and between the early and late
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Table 1. Early-term laboratory parameters (24 hours after clipping).

Sham Group Early control Early Experimental
p
Mean £ SD Median Mean £ SD Median Mean + SD Median
CAT ng/mg tissue 0.696 * 0.262 0.675 0.961 £ 0.193* 0.983 1.096 + 0.189* 1.060 0.005"
GSH-Px ng/mg tissue 0.533 £ 0.175 0.497 0.702 £ 0.114 0.673 0.811 £ 0.225" 0.907 0.0017*
MDA nmol/mg tissue 0.159 £ 0.040 0.172 0.206 + 0.052 0.200 0.240 £ 0.050" 0.228 0.010"
SOD ng/mg tissue 0.283 £ 0.073 0.308 0.419 £ 0.056 0.426 0.405 + 0.089* 0.419 0.002"
SFI -8.4+5.4 -8.2 -58.9 + 6.4” -55.8 -53.9 + 10.2* -56.2 0.000%

A ANOVA (Tukey test) / KKruskal-Wallis (Mann-Whitney U test. * Compared to sham group p<0.05. SD: Standard deviation, CAT: Catalase,
GSH-Px: Glutathione peroxidase, MDA: Malondialdehyde, SOD: Superoxide dismutase, SFI: Sciatic Functional Index.

Table 2. Late-term laboratory parameters (7 days after clipping).

Sham Group Late control Late Experimental
p
Mean = SD Median Mean + SD Median Mean = SD Median
CAT ng/mg tissue 0.696 + 0.262 0.675 0.696 + 0.216 0.690 0.662 + 0.215 0.659 0.945"
GSH-Px ng/mg tissue 0.533 £+ 0.175 0.497 0.547 £ 0.178 0.609 0.560 + 0.188 0.543 0.958"
MDA nmol/mg tissue 0.159 + 0.040 0.172 0.167 £ 0.048 0.152 0.166 + 0.028 0.157 0.911*
SOD ng/mg tissue 0.283 + 0.073 0.308 0.338 £ 0.119 0.344 0.331 £ 0.053 0.323 0.395"
SFI -84+54 -8.2 -57.3 £ 4.6* -56.7 -61.8 £ 9.36* -64.4 0.000%

A ANOVA (Tukey test) / Kruskal-Wallis (Mann-Whitney U test. * Compared to sham group p<0.05. SD: Standard deviation, CAT: Catalase,
GSH-Px: Glutathione peroxidase, MDA: Malondialdehyde, SOD: Superoxide dismutase, SFI: Sciatic Functional Index.

Table 3. Early-term control and Late-term control laboratory parameters.

Early Control Late control
p
Mean £ SD Median Mean + SD Median
CAT ng/mg tissue 0.961 +0.193 0.983 0.696 = 0.216 0.690 0.022"
GSX ng/mg tissue 0.702 £ 0.114 0.673 0.547 £ 0.178 0.609 0.046"
MDA nmol/mg tissue 0.206 + 0.052 0.200 0.167 £ 0.048 0.152 0.134"
SOD ng/mg tissue 0.419 £ 0.056 0.426 0.338 £ 0.119 0.344 0.105
SFI -589+6.4 -55.8 57.3+4.6 -56.7 0.577™
" Independent Samples t-test / ™ Mann-Whitney U test.
Table 4. Early-term experimental and Late-term experimental laboratory parameters.
Early Experimental Late Experimental
p
Mean £ SD Median Mean + SD Median
CAT ng/mg tissue 1.096 = 0.189 1.060 0.662 = 0.215 0.659 0.001"
GSX ng/mg tissue 0.811 £ 0.225 0.907 0.560 + 0.188 0.543 0.029"
MDA nmol/mg tissue 0.240 £ 0.050 0.228 0.166 £ 0.028 0.157 0.003"
SOD ng/mg tissue 0.405 + 0.089 0.419 0.331 £ 0.053 0.323 0.046"
SFI -53.9+10.2 -56.2 -61.8 £ 9.36" -64.4 0.130™
" Independent Samples t-test / ™ Mann-Whitney U test.
control groups (p>0.05). The mean SOD value was signif- in the sham group compared to early control and early

icantly higher in the early experimental group compared experimental groups (p<0.05), whereas no significant
to the late experimental group (p<0.05). SOD values are difference was found between the early control and early
presented in Tables 1, 2, 3, 4 and Figure 2. experimental groups and among the sham, late control,
and late experimental groups (p>0.05). The mean CAT
value (ng/mg tissue) was significantly higher in the early
control group compared to the late control group and in
A significant difference was found among the sham, early ~ the early experimental group compared to the late experi-
control, and early experimental groups (p<0.05). The

mean CAT value (ng/mg tissue) was significantly lower
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CAT determination
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mental group (p<0.05). CAT values are presented
in Tables 1, 2, 3, 4 and Figure 3.

GSH-Pzx determination

A significant difference was found among the mean GSH-
Px value (ng/mg tissue) of the sham, early control, and
early experimental groups (p<0.05). The mean GSH-
Px value was significantly higher in the early experimen-
tal group compared to that of the sham group (p<0.05),
whereas no significant difference was found among the val-
ues of the other groups (p>0.05). Similarly, no significant
difference was found among the mean values of the sham,
late control, and late experimental groups (p>0.05). The
mean GSH-Px value was significantly higher in the early
control group compared to the late control group and in
the early experimental group compared to the late exper-
imental group (p<0.05). GSH-Px values are presented in
Tables 1, 2, 3, 4 and Figure 4.

CAT ng/mg tissue
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Figure 3. Catalase (CAT) levels.

Original Article

688

2023;30(6):684—691

GPX ng/mg tissue
1,20 T---7---=F-=-r-==q-==-|
| | | | |
060 +- - {&-F- &1
oo - L HEH L T
0,00 +="4 P =
S - X
{.'E'ﬁ o ,;-."5:' EP..,_@ {ﬁ’
LCPT R o
o L
e .',:‘-‘i'- ,55* *-7.;:2' -qﬂlzf
RS SN
F NP

Figure 4. Glutathione peroxidase (GSH-Px) levels.

MDA determination

A significant difference was found among the mean MDA
value (nmol/mg tissue) of the sham, early control, and
early experimental groups (p<0.05). The mean MDA
value was significantly lower in the sham group than that
in the early experimental group (p<0.05), whereas no
significant difference was found among the other groups
(p>0.05). No significant difference was established among
the mean MDA values (nmol/mg tissue) of the sham, late
control, and late experimental groups and between the
mean MDA value (nmol/mg tissue) of the early and late
control groups (p>0.05). However, the mean MDA value
(nmol/mg tissue) of the early experimental group was sig-
nificantly higher than that of the late experimental group
(p<0.05). MDA values are shown in Tables 1, 2, 3, 4 and
Figure 5.

Discussion

PNI is highly common and causes severe disability due to
motor and sensory dysfunctions. To date, various sub-
stances and drugs that are considered to reduce PNI have
been tried to prevent the dysfunctions and are still being
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Figure 5. Malondialdehyde (MDA) levels.

tried in experimental and clinical studies; however, treat-
ment has not been established yet.

ALA is a substance that has been tried in recent exper-
imental studies in various PNIs and has been shown to
exert protective activity [8,11]. Additionally, it has clini-
cal applications for the treatment of peripheral nerve dis-
eases caused by chronic compressions such as carpal tunnel
syndrome and diabetic polyneuropathy [12,13]. Contrar-
ily, experimental studies have shown that its effectiveness
when applied before the injury as a preventative agent in
acute PNI. However, most of the studies have evaluated
its pre-traumatic protective effect and few studies evalu-
ated its post-traumatic application that simulates real life.
Therefore, the present study investigated the therapeutic
efficacy of ALA.

Rat models are frequently used to examine the functional
changes after nerve injury and evaluate the effects of treat-
ment methods. In this study, rats were choosen as the ex-
perimental animals due to their wide availability and ease
of application and their model creation that is highly sim-
ilar to humans. Nerve crush injury induced by aneurysm
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clip was preferred as the injury model since the compres-
sion induced by aneurysm clip creates a standard injury
with predetermined severity. Our study, aimed to evalu-
ate the therapeutic effects of ALA application after sci-
atic nerve injury on PNI in a rat model of sciatic nerve
crush injury to simulate its possible treatment application
in humans. Thus, WTA was performed to evaluate the
functional recovery. MDA level, an indicator of lipid per-
oxidation, was measured as an indicator of oxidative stress
and the values of SOD, CAT, and GSH-Px enzymes were
measured to determine the antioxidant defense.

The extent of injury to nerve tissue depends on the crush
duration. Moreover, following the nerve injury that occurs
due to tissue injury, reactive oxygen species (ROS) emerge
and cause injury to the nerve tissue [14]. Nerve compres-
sion disrupts the microcirculation of the peripheral nerve.
A mild circulatory disturbance causes demyelination and a
more severe impairment leads to ischemia, thereby leading
to axonal damage [15]. The pathophysiology of degenera-
tion resulting from ischemia in the peripheral nerves is not
yet fully understood. Many biochemical and pathological
changes occur as a result of the effect of oxidative stress
and lipid peroxidation due to blood-brain barrier deteri-
oration. The resulting ROS begin to damage the tissue.
These free oxygen radicals, which affect many systems, can
occur during normal metabolic processes and due to many
external factors [16,17].

Biological systems have special protective systems that can
keep oxidative stress under control. The oxidative injury
occurs in cases where the control mechanism remains in-
sufficient and can be defined as the impaired of the bal-
ance between the ROS and antioxidant defense systems
in favor of pro-oxidant substances and oxidant substances
[18,19]. Antioxidants and ROS are constantly produced in
living tissues. If antioxidants remain insufficient to neu-
tralize oxidant substances, the balance is impaired in favor
of oxidants, thereby causing oxidative stress. Toxic prod-
ucts, such as MDA, are formed due to the oxidation of
cell membrane lipids by ROS. Excessively produced ROS
are neutralized by antioxidants such as CAT, SOD, GSH-
Px, glutathione reductase, endogenous glutathione (GSH),
glutathione transferase (GST), and vitamins A, C, E to
preserve tissue integrity and functions [20].

Measuring the level of ROS or antioxidants is frequently
used to assess oxidative stress [21]. The isolated mea-
surement of oxidants or antioxidants provides information
about oxidative stress; however, the measurement of oxi-
dants together with antioxidants provides greater informa-
tion. Therefore, oxidant and antioxidant level should be
simultaneously measured to better assess oxidative stress
[22]. MDA is a product formed during lipid peroxidation
and is frequently used in measurements due to its reaction
with thiobarbituric acid [23].

Our study, measured the values of SOD, CAT, and GSH-
Px, which play a role in the antioxidant system, and of
MDA, which is a product of lipid peroxidation, in the in-
jured nerve tissue. The main goal in nerve injury treat-
ment is to restore impaired nerve function. Therefore, us-
ing functional studies as the evaluation criteria in stud-
ies that investigate the effects of different substances on
nerve injuries is highly appropriate. Our study, evaluated
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the functional recovery by performing pre- and post-injury
WTA and calculating SFI, which was previously defined in
rats [10].

Medications can also act as antioxidants in oxidative stages
and reduce the harmful effects of the injury. Previous stud-
ies evaluated the antioxidant effects of various drugs and
substances in different PNI models and investigated their
protective function in the tissue against the adverse ef-
fects of the injury. Among these agents, ALA is an exam-
ple of a drug with antioxidant effects, and many studies
have shown that both lipoic acid and dihydrolipoic acid
incrdease the antioxidant capacity of tissues against ox-
idative stress [24].

Many studies in the literature revealed the protective effect
of ALA in PNI. Senoglu et al. applied ALA as a preventa-
tive in a peripheral nerve crush injury model and revealed
that it provided increased tissue CAT and SOD levels and
decreased in MDA levels after sciatic nerve injury. The au-
thors also noted that the use of ALA before sciatic nerve
injury showed a significant protective effect against nerve
crush injury by reducing oxidative stress [25]. A study
conducted in our clinic evaluated the effect of ALA before
injury on the motor function and antioxidant enzyme ac-
tivity in a peripheral nerve crush injury model and demon-
strated the protective effect of ALA applied before injury
both functionally and biochemically [8].

The only study in the literature that evaluated the thera-
peutic effect of ALA in crush PNI after trauma orally ad-
ministered ALA and evaluated its effects using functional,
molecular, and electron microscopy analysis. The results
indicated that ALA achieved better recovery compared to
other groups [26]. Some other studies evaluated the effec-
tiveness of ALA applied after trauma in incision trauma
models and showed the therapeutic efficacy of ALA [11,27].

In this study, which is a continuation of our previous study
that demonstrated the protective efficacy of ALA before
PNI, we evaluated the therapeutic effects of parenterally
administered ALA after injury using the same study pro-
tocol. However, we observed that the parenteral admin-
istration of a single high dose of ALA after crush injury
did not provide a significant improvement in the functional
and biochemical parameters. This finding could be due to
the limited application of ALA to a single dose. Therefore,
further experimental studies are needed to evaluate the ef-
fectiveness of ALA in several doses rather than a single
dose in crush PNI models.

Conclusion

Our study, evaluated the effects of a single dose ALA (100
mg/kg, i.p.) that is administered 1 hour after the induced
nerve crush injury in the rat sciatic nerve on nerve heal-
ing. To achieve this, antioxidant enzyme values in the
nerve tissue were measured and also functional evaluation
was performed. The success of the crush injury model was
demonstrated by the significant difference in both func-
tional evaluation and antioxidant enzyme values in the
experimental and control groups compared to the sham
group. However, no significant difference was found be-
tween the experimental and control groups about func-
tionality and antioxidant enzyme levels. Therefore, a sin-
gle dose IP administered ALA (100 mg/kg) 1 hour after
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the sciatic nerve crush injury had no therapeutic efficacy.
Accordingly, further experimental studies are needed to
evaluate the effectiveness of ALA in several doses rather
than a single dose in crush PNI models.
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