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Abstract
Background: Oxidative stress is a mediator of secondary injury to the spinal cord following trauma.

Objective: To investigate the putative neuroprotective effect of a-lipoic acid (LA), a powerful antioxidant,
in a rat model of spinal cord injury (SCI).

Methods: Wistar albino rats were divided as control, vehicle-treated SCI, and LA-treated SCI groups. To
induce SCI, a standard weight-drop method that induced a moderately severe injury (100 g/cm force) at
T10 was used. Injured animals were given either 50 mg/kg LA or saline at 30 minutes postinjury by
intraperitoneal injection. At 7 days postinjury, neurologic examination was performed, and rats were
decapitated. Spinal cord samples were taken for histologic examination or determination of malondialde-
hyde (MDA) and glutathione (GSH) levels, myeloperoxidase (MPO) activity, and DNA fragmentation.
Formation of reactive oxygen species in spinal cord tissue samples was monitored by using a
chemiluminescence (CL) technique.

Results: SCI caused a significant decrease in spinal cord GSH content, which was accompanied with
significant increases in luminol CL and MDA levels, MPO activity, and DNA damage. Furthermore, LA
treatment reversed all these biochemical parameters as well as SCI-induced histopathologic alterations.
Conversely, impairment of the neurologic function caused by SCI remained unchanged.

Conclusion: The present study suggests that LA reduces SCI-induced oxidative stress and exerts
neuroprotection by inhibiting lipid peroxidation, glutathione depletion, and DNA fragmentation.
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INTRODUCTION

The pathophysiology of spinal cord injury (SCI) is
characterized by the initial, primary injury followed by
secondary injury processes involving cascades of bio-
chemical, molecular, and cellular changes, which can
produce even more extensive damage (1,2). Although
mechanical disruption of the nerve axons in the spinal
cord is not amenable to neuroprotective therapy, changes
in secondary injury are susceptible to therapeutic inter-
vention. These secondary events include microvascular
ischemia, oxidative stress, excitotoxicity, ion dysregula-
tion, and inflammation. A growing body of biochemical,

physiologic, and pharmacologic evidence has suggested
that oxygen-free-radical–induced lipid peroxidation,
working in concert with aberrant calcium fluxes and
eicosanoid generation in particular, plays a key role in
progressive posttraumatic spinal cord degeneration (2,3).

The brain and nervous system are highly vulnerable
to free-radical-mediated insult because of their high lipid
content. Free radicals damage various cellular compo-
nents, including proteins, lipids, and DNA. Lipid perox-
idation has been linked to microvascular damage and
hypoperfusion, which, if severe enough, can lead to a
secondary ischemic insult to the tissue following SCI.
Moreover, inflammation is closely related to the over-
production of the reactive oxygen species (ROS) and
plays an important role in various neuropathologies.
Thus, agents with antioxidant and anti-inflammatory
properties are proposed to be useful in the clinical setting
of neuronal damage (4).

Alpha-lipoic acid (LA) and its reduced form, dihy-
drolipoic acid (DHLA), have gained considerable atten-
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tion because of their roles as biologic thiol antioxidants,
which are central to antioxidant defense in the brain and
other tissues. Several features have been described for LA,
which make it an outstanding antioxidant (5,6). LA
readily crosses the blood–brain barrier and is a ‘‘meta-
bolic antioxidant’’; that is, it is accepted by human cells
as substrate and is reduced to DHLA. Therefore, unlike
ascorbic acid, DHLA is not destroyed by quenching free
radicals, but rather can be recycled from LA. Moreover,
LA and DHLA are amphipathic molecules and may act as
antioxidants in hydrophilic and lipophilic environ-
ments. It shows beneficial effects in oxidative stress
conditions because of its synergistic action with other
antioxidants (7).

Kagan et al have shown that LA and DHLA may act as
a strong direct chain-breaking antioxidant and may
enhance the antioxidant potency of other antioxidants
(ascorbate and vitamin E) in the aqueous and the
hydrophobic membranous phases (8). Furthermore,
reports emphasize that administration of lipoic acid has
remarkable effects on tissue thiol status, increasing
glutathione levels probably by reducing extracellular
cystine to cysteine, which bypasses the cystine trans-
porter (9). Because of its antioxidant activity, LA has been
shown to be beneficial as a therapeutic agent in ischemia
and reperfusion injury and diabetic complications (10–
14) as well as various neurologic disorders related to
oxidative stress (15–17). Also, it was previously shown
that LA has neuroprotective effects in experimental brain
injury caused by trauma and subarachnoid hemorrhage
(18,19).

Accordingly, this study was designed to determine the
possible protective effect of LA against oxidative stress
following spinal cord injury in rats by determining
biochemical parameters and histologic examination. We
also evaluated the neurologic impairments caused by SCI.

MATERIALS AND METHODS

Animals
Three-month-old male Wistar albino rats (300–350 g)
were housed in an air-conditioned room with 12-hour
light-and-dark cycles, where the temperature (22 ± 2uC)
and relative humidity (65–70%) were kept constant. All
experimental protocols were approved by the Marmara
University School of Medicine Animal Care and Use
Committee.

Rats were divided into 4 groups of 24 rats in each
group: (a) control group that underwent sham surgery
and received saline intraperitoneally (ip); (b) LA (50 mg/
kg/d ip); (c) SCI group that underwent surgery for SCI
induction and was given saline; (d) SCI-induced and LA
(50 mg/kg, ip) administered group. Three series of each
group were used in our studies. The first serial was used
for malondialdehyde, glutathione levels, and myeloper-
oxidase activity. The second serial was used for chemi-
luminescence and DNA fragmentation, while histopath-
ologic evaluation was performed in the third serial. The

tissue samples taken for each test was standardized, that
is, it was taken from the same part in all groups.

Induction of SCI
Anesthetized (ip ketamine and chlorpromazine; 75 mg/kg
and 1 mg/kg, respectively) rats were positioned in a prone
position. Under sterile conditions, following T5–T12
midline skin incision and paravertebral muscle dissection,
spinous processes and laminar arcs of T7–T10 were
removed. The dura was left intact. Modified weight-drop
model was performed for SCI (20). The animals were
subjected to an impact of 100 g/cm (10-g weight from
10-cm height) to the dorsal surface of the spinal cord. The
force was applied via a stainless steel rod (3-mm diameter
tip) that was rounded at the surface. The rod was dropped
vertically through a 10-cm guide tube that was positioned
perpendicular to the center of the spinal cord. Afterwards,
the muscles and the incision were sutured.

A week after SCI induction, neurologic examinations
were performed in all groups. Then, rats were decapi-
tated to obtain spinal cord tissue samples (the epicenter
to caudal parts of the injury) for the biochemical and
histologic analysis. The tissues were stored in 280uC for
biochemical analysis.

Neurologic Examination
The neurologic examination scores were assessed ac-
cording to motor function score of Gale et al (21). The
evaluation was as follows: No movement of hind limbs,
0; Perceptible movement, 1; Visible joint movements, 2;
Hind limb movement but cannot support body weight,
3; Hind limb movement and can support body weight, 4;
Walking with mild deficit, 5; Normal walking, 6. All
behavioral tests were conducted by a blinded investiga-
tor. The sequence of testing animals by a given task was
randomized for the animals.

Chemiluminescence Assay
To assess the role of reactive oxygen species in SCI-
induced tissue damage, luminol and lucigenin chemilu-
minescences were measured as indicators of radical
formation. Lucigenin (bis-N-methyl-acridinium nitrate)
and luminol (5-amino-2,3-dihydro-1,4-phthalazine-
dione) were obtained from Sigma (St Louis, MO).
Measurements were made at room temperature using
Junior LB 9509 luminometer (EG&G Berthold, Germany).
Specimens were put into vials containing PBS-HEPES
buffer (0.5 M PBS containing 20 mM HEPES, pH 7.2).
Reactive oxygen metabolites were quantitated after the
addition of the enhancers, lucigenin or luminol, for a final
concentration of 0.2 mM. Luminol detects a group of
reactive species, such as hydroxyl radical, hydrogen
peroxide, and hypochlorous acid, while lucigenin is
selective for superoxide anion radical (22). Counts were
obtained at 1-minute intervals, and the results were
given as the area under curve for a counting period of
5 minutes. Counts was corrected for wet tissue weight
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and expressed as relative light units (rlu) per milligram of
tissue (23).

Measurement of Myeloperoxidase Activity
Myeloperoxidase (MPO) activity in tissues was measured
by a procedure similar to that described by Hillegass et al
(24). Spinal cord tissue samples were homogenized in
50 mM potassium phosphate buffer with a pH of 6.0 and
centrifuged at 41,400g for 10 minutes. The pellets were
then suspended in 50 mM PB containing 0.5% hexadec-
yltrimethylammonium bromide. After 3 freeze-and-thaw
cycles, with sonication between cycles, the samples were
centrifuged at 41,400g for 10 minutes. Aliquots (0.3 mL)
were added to 2.3 mL of reaction mixture containing
50 mM PB, o-di-anisidine, and 20-mM H2O2 solution.
One unit of enzyme activity was defined as the amount of
MPO present that caused a change in absorbance,
measured at 460 nm for 3 minutes. MPO activity was
expressed as U/g tissue.

Malondialdehyde and Glutathione Assays
Spinal cord samples were homogenized with ice-cold
150-mM KCl for the determination of malondialdehyde
(MDA) and glutathione (GSH) levels. The MDA levels
were assayed for the products of lipid peroxidation, and
results are expressed as nmol MDA/g tissue (25). GSH
was determined by a spectrophotometric method based
on the use of Elman’s reagent, and results are expressed
as mmol GSH/g tissue (26).

DNA Fragmentation Assay
Samples from spinal cord tissues were homogenized in
93 volumes of a lysis buffer (5 mM Tris–HCl, 20 mM
ethylene diamine tetra-acetic acid [EDTA] and 0.5% [v/v]
t-octylphenoxy polyethoxyethanol [Triton-X 100]; pH
8.0). Two separate samples of 1 mL each were taken
from the sample and centrifuged at 25,000g for 30
minutes to separate the intact chromatin in the pellet
from the fragmented DNA in the supernatant.

The supernatant was taken out to be saved, and the
pellet was resuspended in 1 mL Tris-EDTA buffer (pH 8.0)

(10 mM:1 mM). Both the supernatant and the resus-
pended pellet were then assayed for DNA content
determination by the diphenylamine reaction described
by Burton (27).

Histologic Analysis
Anesthetized (ip ketamine 75 mg/kg and chlorpromazine
1mg/kg) rats were perfused through the heart with a
solution of 4% paraformaldehyde in 0.1 M PBS (pH 7.4).
For light microscopic analysis, perfused specimens were
fixed in 10% formaldehyde, dehydrated in alcohol series,
cleared in toluene, and embedded in paraffin. Paraffin
sections (5 mm) were stained with hematoxylin and eosin
(HE) and examined with an Olympus BX51 (Tokyo,
Japan) photomicroscope.

In addition to the HE staining, Luxol fast-blue (LFB)
stain was used in this study. The presence of myelin
damage was assessed by staining transverse sections of
the spinal cord with the LFB stain. LFB stains myelinated
axons a bright blue color; areas with pale staining have
myelin damage or loss (28). A semiquantitative evalua-
tion was done according to the criteria defined by Lee et
al (28); the degree of myelin damage is classified as
following: 0: presence of normal intensity of LFB stain. 1
(Mild damage): Presence of decreased intensity of LFB
stain compared with that of the control group. 2
(Moderate damage): Presence of decreased intensity of
LFB stain and vacuole formation.

Statistical Analysis
Statistical analysis was done using a GraphPad Prism 3.0
(GraphPad Software, San Diego, CA). All data are

Figure 1. Motor function scores at 7 days following SCI.
Each group consists of 17 to 18 rats. *P , 0.05, ***P , 0.001
vs control group. Values are represented as mean ± SEM.

Figure 2. (a) Luminol and (b) lucigenin chemilumines-
cence values in the spinal cord tissues of control, saline, and
LA-treated SCI groups. For each group, n 5 6. **P , 0.01,
+:P , 0.05 vs vehicle-treated SCI group. Values are
represented as mean ± SEM.
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expressed as means ± SEM. Groups of data were
compared with ANOVA followed by Tukey’s multiple
comparison tests. The neurologic examination scores
were evaluated by Kruskal-Wallis test followed by Dunn’s
multiple comparison test. Values of P , 0.05 were
considered significant.

RESULTS

The number of deaths in 1-week posttrauma was 7/24
29%) in the trauma group, while it was 6/24 (25%) in LA-
treated group.

When compared with the control group (5.8 ± 0.1),
the neurologic examination score was significantly lower
in the vehicle-treated SCI group (2.6 ± 0.4; P , 0.001).
Although the score was increased in the LA-treated SCI
group (3.7 ± 0.4; Figure 1), it was not statistically
significant.

As an indicator of reactive oxygen species in SCI-
induced tissue damage, chemiluminescence levels were
detected in the spinal cord samples by both luminol and
lucigenin probes. Luminol levels were showed significant
increases in the vehicle-treated SCI group (43.9 ± 9.6 rlu/

mg, P , 0.01; Figure 2a) as compared with the luminol
CL levels of the control group (18.6 ± 2.1 rlu/mg).
However, treating the SCI-induced rats with LA abolished
the elevations in luminol-detected CL values (22.7 ±

4.1 rlu/mg, P , 0.05). Conversely, the lucigenin CL levels
of spinal tissue samples were not statistically significant
among the groups (Figure 2b).

The spinal cord tissue MDA content in the control
group (26.0 ± 2.3 nmol/g) was significantly elevated by
the induction of SCI in the vehicle-treated rats (42.6 ±

2.8 nmol/g, P , 0.01); however, LA treatment com-
pletely prevented the SCI-induced elevation in tissue
MDA level (27.0 ± 3.3 nmol/g; P , 0.01; Figure 3a). In
accordance with that, SCI caused a significant decrease
in tissue GSH level (0.72 ± 0.05 mmol/g; P , 0.001) as
compared with that of the sham-operated control group
(1.53 ± 0.13 mmol/g; Figure 3b), while in the LA-treated
SCI group, spinal cord GSH content was found to be
preserved (1.31 ± 0.12 mmol/g; P , 0.01) and not
different from that of the control group.

Myeloperoxidase activity, an indicator of neutrophil
infiltration, was significantly elevated in the spinal cord
tissues of the vehicle-treated SCI group (6.4 ± 0.4 U/g; P
, 0.001) as compared with that of the sham-operated
control group (3.4 ± 0.1 U/g; Figure 4a). Conversely,
when SCI rats were treated with LA, spinal cord MPO
level was significantly decreased (4.3 ± 0.3 U/g; P ,

0.001) and was not different than that of the control
group.

DNA fragmentation (%) in the spinal cord tissue was
analyzed as an indicator of cell death, including

Figure 3. (a) MDA and (b) GSH levels in the spinal cord
tissues of control, saline, and LA-treated SCI groups. For
each group, n 5 6. **: P , 0.01, ***: P , 0.001 vs control
group; +: P , 0.05, +++: P , 0.001 vs vehicle-treated SCI
group. Values are represented as mean ± SEM.

Figure 4. (a) MPO and (b) DNA fragmentation (%) in the
spinal cord tissues of control, saline, and LA-treated SCI
groups. For each group, n 5 6. *: P , 0.05, ***: P , 0.001
vs control group; +: P , 0.05, +++: P , 0.001 vs vehicle-
treated SCI group. Values are represented as mean ± SEM.
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apoptosis. In the SCI group treated with vehicle, DNA
fragmentation was elevated significantly (0.16 ± 0.02; P
, 0.001) when compared with the control group (0.03
± 0.01; Figure 4b), while LA treatment significantly
prevented the DNA damage of the spinal cord tissue
(0.10 ± 0.02; P , 0.05).

Light microscopic evaluation revealed that SCI
resulted in severe degeneration of the white matter
besides moderate degeneration of the gray matter
(Figure 5B) when compared with control group (Fig-
ure 5A). The overall morphology of white matter, which
was composed widely of axons, was disturbed. In the
gray matter, vacuole formation was observed. LA
treatment resulted with a healing morphology with a
decreased disruption of axons and preserved general
architecture (Figure 5C).

LFB staining of spinal cord sections from the control
group revealed no evidence of myelin damage. However,
in the spinal cords of injured animals, decreased staining
intensity was evident. The white matter of spinal cords in
this group showed prominent vacuole formation. In the
LA-treated SCI group, the spinal cord of the animals
revealed nearly normal staining intensity as it is observed
in control group, and less vacuole formation was
observed compared with spinal cord injury group
(Figure 6).

When the tissues were evaluated semiquantitatively,
SCI caused a significant (P , 0 , 01) degeneration,
whereas the LA-treated group was not significantly
different than the controls. The scores were as follows:
Control: 0 ± 0.01, SCI: 1.833 ± 0.17, SCI + LA: 0.833 ±

0.31.

DISCUSSION

Spinal cord injury leads to cascades of noxious pathologic
mechanisms that substantially exacerbate the primary
injury, then trigger secondary injury and result in
permanent functional deficits. Several pathophysiologic
events have been proposed to contribute to secondary
neuronal dysfunction and death, including events such as
ischemia, edema, ionic imbalances, compromised energy
metabolism, and biochemical changes resulting in
neurotoxicity (1,3). Glutamate-mediated excitotoxicity,
the formation of reactive oxygen species (ROS), and lipid
peroxidation are prominent events thought to contribute
to neuronal dysfunction and cell loss following traumatic
damage and ischemic injury to the central nervous
system (CNS) (1). There is direct evidence that activation
of glutamate receptors and the influx of Ca2+ result in the

Figure 5. HE-stained sections of spinal cord demonstrat-
ing general morphology of white (w) and gray (g) matter.
(A) Control group: Regular morphology of white and gray
matter; (B) SCI group: Severe degeneration of spinal cord
section when compared with control group. Arrows indicate
vacuolizations in the neuropil of gray matter. Note the
vacuole formation in the white matter (*); (C) LA-treated

r

spinal cord injury group: near-regular architecture with
reduced damage in the gray and white matter is apparent.
3200, original magnification.
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formation of ROS, especially superoxide anion and
hydrogen peroxide (29,30).

In the present study, the results of chemilumines-
cence analysis demonstrated that luminol CL levels,
sensitive to hydrogen peroxide, hypochlorite, peroxyni-
trite, and hydroxyl and lipid peroxyl radicals, were
elevated in the spinal cord tissues of injured rats,
implicating enhanced generation of toxic oxygen me-
tabolites. In accordance with the increases in toxic
oxygen metabolites, the spinal cord MDA level was also
significantly increased, indicating the presence of en-
hanced lipid peroxidation caused by SCI. Several studies
have demonstrated that trauma to the spinal cord tissue
is associated with lipid peroxidation, which is an
autocatalytic mechanism leading to oxidative destruction
of cellular membranes (3,31). It is known that cells are
able to defend themselves from the damaging effects of
oxygen radicals by way of their own antioxidant
mechanisms; however, depletion of the antioxidant
defense system caused by oxidative stress enhanced the
susceptibility of the tissues to oxidative injury. In this
sense, GSH and other antioxidants play a critical role in
limiting the propagation of free-radical reactions, which
would otherwise result in extensive lipid peroxidation. An
increased tissue level of GSH is an important protective
mechanism against overproduction of ROM and free-
radical reactions (32). In this study, SCI caused significant
decrease in spinal cord GSH levels, while LA treatment
effectively reversed this effect, reducing both luminol-
and lucigenin-enhanced CL levels and lipid peroxidation.

Both in vitro and in vivo studies have demonstrated
the wide-ranging ability of LA to influence biologic
functions. LA and DHLA act as antioxidants to directly
scavenge ROS and reactive nitrogen species, chelate
transition and heavy metal ions, and mediate recycling of
other endogenous antioxidants such as glutathione. LA
also modulates various signaling cascades either by
receptor-mediated or nonreceptor-mediated processes
(33,34). Thus, LA may be effective in a variety of
pathologic conditions, especially those that are associat-
ed with oxidative stress (16,33,34). In accordance with
these studies, we have previously demonstrated that LA
improves stomach, kidney, and liver damage in rat
models of ulcer, ischemia/reperfusion, cerebral trauma,
and subarachnoid hemorrhage (12,18,19,35,36).

Traumatic injury to the spinal cord also leads to a
strong inflammatory response, with the recruitment of
peripherally derived inflammatory cells, including mac-
rophages. Following SCI, neutrophils are activated, and
they then migrate into visceral organs, a phenomenonFigure 6. LFB-stained sections of spinal cords (white

matter). The spinal cords of the control group showed
normal staining intensity (A). Spinal cord of the SCI group
showed myelin sheaths with decreased staining intensity
compared with that of the control group. Vacuole formation
(arrow; ‘‘*’’ in inset) was apparent (B). Spinal cord of ALA-
treated SCI group showed normal staining intensity and less

r

vacuole formation (arrow; ‘‘*’’ in inset) (C). LFB 3400;
insets 31,000, original magnification.
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occurring in parallel with their well-known entry into the
cord injury site (37). Bernards and Akers (38) have
demonstrated that spinal cord injury significantly in-
creased the amount of myeloperoxidase, an index of
neutrophil infiltration, in the cerebrospinal fluid dialy-
sates. Taoka et al (39), who studied the leukocyte
depletion and anti-P-selectin monoclonal antibody treat-
ment in the SCI rats, showed that both of them reduced
the accumulation of neutrophils in the damaged spinal
cord segment where myeloperoxidase activity was found
to be decreased. Thus, the systemic inflammatory
response to SCI should be targeted in the development
of new therapeutic strategies to treat SCI. In this sense,
LA may be suggested to be neuroprotective agent since
in the present study, treatment with LA in the SCI groups
reduced the MPO activity in addition to inhibiting effects
on lipid peroxidation. Zhang et al (40) demonstrated
that LA exerts anti-inflammatory effects by inhibiting
TNF-a and lipopolysaccharide-induced endothelial and
monocyte activation in vitro and lipopolysaccharide-
induced acute inflammatory responses in vivo. They also
showed that dietary LA supplementation, inhibiting
expression of adhesion molecules and proinflammatory
cytokines, reduces atherosclerotic lesion formation and
also supports the anti-inflammatory effects of LA. Kolgazi
et al (41) demonstrated that LA exerts anti-inflammatory
and antioxidant effects in the TNBS-induced gastric
mucosal inflammation via suppression of neutrophil
accumulation, preservation of endogenous glutathione,
and inhibition of reactive oxidant generation.

A potentially promising area of neuroprotective drug
discovery for treating acute SCI is the development of
agents targeting apoptotic cell death. Free radicals lead
to neuronal damage by promoting lipid peroxidation,
protein breakdown, and DNA damage, which in turn
lead to cellular apoptosis. Previously it has been shown
that LA pretreatment reduced radiation-induced apo-
ptotic and necrotic cell death of granule cells and
Purkinje cells (15,42). In the present study, DNA
fragmentation of spinal cord tissue was found to be
increased in the SCI group, while LA treatments reduced
this effect of SCI through its antioxidant and anti-
inflammatory properties. Apoptosis has long been
considered as an essential mechanism for eliminating
redundant cells during CNS development. However, a
number of recent studies have documented that apo-
ptosis is emerging as a critical factor contributing to
ongoing cell loss following traumatic CNS injury,
especially in SCI (3). Apoptotic cell death can be
detected hours to several weeks following SCI and occurs
in numerous cell types, including neurons, oligoden-
droglia, and inflammatory cells such as neutrophils,
microglia, and macrophages (3). The occurrence of
programmed apoptotic cell death has been suggested
to play a role in the ultimate neurologic insult. Indeed, in
the current study, LA treatment caused a significant
deterioration in the DNA fragmentation besides reduc-

tion of inflammation, lipid peroxidation, and preserva-
tion of endogenous antioxidant levels.

In agreement with our biochemical data, light
microscopic examination was also consistent. However,
during routine histologic processing, the myeline struc-
ture was lost, so we could not observe the myeline
structure of the axons in the light microscope; we could,
however, observe its traces as axonal sites. Thus, light
microscopic evaluation revealed that SCI resulted in
severe degeneration of the white matter besides moder-
ate degeneration of the gray matter. The overall
morphology of white matter, which was composed
widely of axons was disturbed, presumably because of
intracellular edema and the enlarged and disrupted
diameters of axons. In the gray matter, interstitial and
intracellular edema were observed. LA treatment resulted
in a healing morphology, with a decreased disruption of
axons and interstitial edema.

Antioxidant drugs can prevent the onset of pathol-
ogies; they also delay pathologic processes or may even
take part in repair. Conversely, research on antioxidant
drugs and research related to oxidative disease processes
have not converged into a therapeutic intervention in
which the mode of action is fully comprehended. In the
present study, we have initiated LA treatment immedi-
ately on the day of the injury and continued for 1 week.
Thus, our results imply the benefit of LA in the early
phase of the injury. However, it would be interesting to
evaluate the effects of LA in the late phase. Therefore,
further studies should be conducted by continuing the
treatment for a longer period; thus, the time course for
LA treatment would be elucidated.

CONCLUSION

In conclusion, current data clearly demonstrate that
treatment with LA significantly inhibited SCI-induced
generation of free radicals, lipid peroxidation, neutrophil
infiltration, and DNA damage in the spinal cord tissue,
while the depleted antioxidant GSH levels were increased
back to control levels. In addition, LA treatment also
improved histologic and neurologic deterioration seen
following SCI. Thus, LA needs to be taken into
consideration, for it may have a therapeutic value in
SCI as an adjuvant therapy.
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