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We determined time dependent changes in the levels of the antioxidant enzymes,
superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase (CAT) at 1, 4 and 24
hours after standardized reversible spinal cord injury in rats. In each segment (rostral, lesion,
caudal) enzyme activities at 1, 4 and 24 hours were not significantly different. Without time
limitation we have found that SOD and GPx activities were not significantly different
(p>0.05), but CAT activity was significantly high (p=0.008) in the lesion segment than the
rostral and caudal segment. According to our results we suggest that one of the main reason
for tissue damage during such a spinal cord trauma model may be neither H,O, nor H,O,

derived radicals.
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Trauma to the spinal cord produces prob-
lems which are difficult or impossible to
solve for the patient and the physician.
Primary effects of injury such as axonal
shearing and vascular disruption are largely
irreversible, however secondary effects such
as tissue edema, ischemia, ionic fluxes and
free radical damage are preventable or
reversible.

Recently, some studies put forward the
importance of free radical production and
lipid peroxidation secondary to spinal cord
injury>>7%)_ In this study, we investigated
the changes in the activity of antioxidant
enzymes (superoxide dismutase (SOD), glu-
tathione peroxidase (GPx), catalase (CAT))
by time and among segments of injury.

MATERIALS AND METHODS

Twelve female Sprague-Dawley rats with
weights ranging from 230 to 310 g were used.
Rats were anesthetized with intraperitoneal
injection of thiopentone sodium BP (pen-
tothal sodium Abbott) 30 mg/kg, and
laminectomy was performed at C7-T1 by
using an operating microscope. The clip
(Yasargil aneurysm clip force, of closure 192
g (162-198 g), curved arms) was applied
extradurally to the spinal cord, and re-
mained compressing the cord for 30 seconds.
We have observed generalized tonic spasm
during clip application for 2 seconds and
then flaccid paraplegia. Rats were divided
into 3 groups, each consisting of four. Rats
were sacrificed with large doses of pentothal
sodium at 1 hour after injury in group 1, at 4
hours in group 2 and at 24 hours in group 3.
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The spinal cord was excised under the
microscope, and then divided into rostral,
lesion and caudal segments of 6-7 mm in
length each. Dura, leptomeninges and blood
vessels were separated from the spinal cord
tissue under the microscope. These spinal
cord segments were stored at —20°C until
homogenization procedure. In each segment
superoxide dismutase, catalase and glu-
tathione peroxidase activities were deter-
mined.

Tissue homogenization was performed
with a tissue grinder fitted with a teflon
pestle. Tissues were homogenized with 0.05
M phosphate buffer at pH 7.5 to give a 5%
W/V homogenate. Homogenization proce-
dures were performed at 4°C. Homogenate
was centrifuged at 10000 g for 15 minutes.
Then the supernatant was removed and used
for enzyme and protein assays. SOD activity
was assayed by using nitroblue tetrazolium
(NBT) method' and catalase activity was
measured by using Beers and Sizer's
method” and Ransel RS 504 (Randox) was
used by the method of Plagia and
Valentin'® to measure glutathione perox-
idase activity. The protein content of super-
natant was determined by the method of
Lowry et al.'Y. The results were given as
enzyme unit per mg protein.

RESULTS

The spinal cord was divided into rostral,
lesion and caudal segments and time-
dependent enzyme activities were deter-
mined in each segment. The results were
analyzed by using SPSS PC+statistical solv-
ing pocket. ANOVA test (analysis of
variance) was used. A p value less than 0.05
is considered statistically significant. Time-
dependent changes of enzyme activity in
cach segment was not statistically signi-
ficant. ANOVA was used to evaluate en-
zyme activity differences between the seg-
ments. The values were not limited with
time and each segment was compared with
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another one as rostral/lesion, lesion/caudal,
rostral/caudal. SOD (Fig. 1) and GPx (Fig.
2) activity differences between the segments
of lesion and caudal and rostral were not
statistically significant. CAT (Fig. 3) activity
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was significantly high in the lesion segment.
Discussion

In our study, we used a rat model spinal
cord injury by the clip compression’®. Stu-
dies were performed to determine the
effects of trauma on enzymes (SOD, GPx,
CAT) that catalyze various detoxication
reactions. Traumatic neural injuries of both
brain and spinal cord cause tissue damage
through primary and secondary mechan-
isms. The injury sets in motion a series of
molecular events that produce vascular and
neuronal degeneration, thus destroying the
anatomical substrate (e.g. long tracts) neces-
sary for neurological recovery. Secondary
injury is caused by the activation of endoge-
nous substances such as monoamine, oxygen
free radicals, neuropeptides, arachidonic
acid metabolites and changes of extracellu-
lar calcium®”). Recent reports have sug-
gested evidence for tissue damage induced
by oxygen free radicals and lipid peroxida-
tion in the primary and secondary process of
acute traumatic injury of brain and spinal
cord®>7"%), Free radicals are molecules
with a single, unpaired electron in their
outer electron orbit. These molecules are
chemically very active, reacting with other
molecules to form more free radicals. En-
dogenous enzyme systems and antioxidants
control the production and effects of free
radicals™" %1% Superoxide dismutase
catalyzes the dismutation of superoxide an-
ion radical. Cells are capable of increasing
synthesis of superoxide dismutase in re-
sponse to hyperoxidant stress'®, Two en-
zyme systems catalyze breakdown of hy-
drogen peroxide”'®. Atlow concentrations,
most hydrogen peroxide is removed by
reaction of glutathione peroxidase with re-
duced glutathione to form oxidized glu-
tathione and water. At high concentrations
of hydrogen peroxide, the enzyme catalase
plays an important role. Tissues also have a
variety of nonenzymatic antioxidants for

preventing their damage by free radicals®”.

The brain and spinal cord may be prone to
oxidative stress for several reasons®
10.1417) The membrane lipids are rich in
cholesterol and polyunsaturated fatty acid
which can be attacked by oxygen free
radicals. Cerebrospinal fluid contains very
little transferrin and therefore cannot easily
bind released iron ions. The nervous system
is rich in epinephrine and dopamine, all of
which react with oxygen to form oxygen free
radical and iron ions accelerate these oxida-
tions. After application of an aneurysm clip
for 30 seconds and performing a standar-
dized reversible spinal cord injury, tissue
SOD, CAT and GPx activities were deter-
mined at 1, 4 and 24 hours after injury. In
each segment enzyme activities at 1, 4 and
24 hours were not significantly different.
When enzyme activity differences between
the segments were analyzed without time
limitation, we have found that SOD and
GPx activities were not significantly diffe-
rent but CAT activity was significantly high
in the lesion segment compared with rostral
and caudal segments. In such a spinal cord
trauma model we found that the activities of
primary antioxidant enzymes except SOD in
lesion segment tend to be generally in-
creased. The diminished activity of SOD
causes to decline dismutation rate of super-
oxide radicals. H;O, can be effectively
removed by both GPx and especially CAT.
According to our results we suggest that one
of the main reason for tissue damage during
such a spinal cord trauma model may be
neither H,O, nor H,O, derived radicals.
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