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Study Design: The e�ect of epidural space perfusion with chilled saline solution (% 0.9
NaCl) on lipid peroxidation after experimental spinal cord injury in rats was evaluated.
Objectives: The extent of lipid peroxidation is a useful parameter for evaluating the cellular
disturbance caused by spinal cord trauma in experimental conditions. The protective e�ects of
hypothermia against neurological injury resulting from trauma or ischemia both in
experimental and clinical situations have been demonstrated.
Setting: Departments of Neurosurgery and Biochemistry, Cerrahpas̨a Medical School,
Istanbul, Turkey.
Methods: Twenty-®ve female Wistar Albino rats were used. There were ®ve rats in group I
(sham-operated), seven rats in group II (trauma), and eight rats in group III (epidural
cooling). The remaining ®ve rats were used for the pilot study to determine the spinal cord
and body temperature. A clip compression method was used to produce acute spinal cord
injury. In group III, 30 min after the trauma the injured spinal cord was cooled by perfusion
of the epidural space with chilled saline solution (% 0.9 NaCl) with a ¯ow rate of 5 ml/min
for 30 min. At 2 h after trauma, all rats other than the ones used in the pilot study, were
sacri®ced and the spinal cords were excised. The extent of lipid peroxidation in the spinal cord
was assessed by measuring the tissue content of malonil dialdehyde (MDA).
Results: The tissue MDA contents were 1.58 micromol MDA/gram wet weight (gww) in
group 1 (sham-operated), 2.58 micromol MDA/gww in group 2 (trauma), and 1.77 micromol/
gww in group 3 (epidural cooling), the di�erences being statistically signi®cant.
Conclusion: The results indicated that epidural cooling of traumatized spinal cord is e�ective
in preventing secondary damage due to the peroxidation of lipid membranes.
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Introduction

The protective e�ects of hypothermia against neurolo-
gical injury resulting from trauma or ischemia both in
experimental1 ± 3 and clinical4 situations have been
demonstrated.5 ± 8 Experimental studies and clinical
observations showed that spinal cord lesions are
greatly enlarged by secondary injury. The molecular
and cellular mechanisms underlying these events are
still not clearly understood. Available evidence
suggested that oxygen-radical formation and cell
membrane lipid peroxidation have important roles in
progressing secondary injury.9,10 E�ectiveness of some
therapeutic approaches has been evaluated by deter-
mining the level of lipid peroxidation in experimental
conditions.11 ± 14 To date, several di�erent methods of
hypothermia have been performed. Systemic hypother-
mia carries the risk of ventricular ®brillation and
cardiac standstill. Negrin15 has shown that the central
nervous system can tolerate 58C without permanent

neurological complications. Regional cooling of the
injured or ischemic spinal cord by di�erent methods
have been reported.1,16 ± 19 In this study, we evaluated
the e�ect of epidural space perfusion with chilled saline
solution on lipid peroxidation after experimental spinal
cord injury (SCI).

Materials and methods

Twenty ®ve female Wistar Albino rats with weights
ranging from 190 ± 250 g were used. Rats were divided
into three groups. There were ®ve rats in group I, seven
rats in group II and eight rats in group III. The
remaining ®ve rats were used for the pilot study. Rats
were anesthetized with intraperitoneal injection of
thiopentone sodium BP (pentothal sodium, Abbott)
30 mg/kg, and two level laminectomy was performed at
C7-T1 by using an operating microscope. The length of
the exposed epidural space was 5 ± 6 mm. The clip
(Technomedical TK 25132.00 aneurysm clip, force ofCorrespondence: S TuÈ zgen, MD
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closure 100 ± 130 g) was extradurally applied to the
cord and remained compressing the cord for 40 s in
group II and III. In group I, laminectomy was
performed, but the clip was not applied. In group
III, 30 min after the trauma, the injured spinal cord
was cooled by perfusion of the epidural space with
chilled (10.5+98C) saline solution (% 0.9 NaCl) with a
constant ¯ow rate of 5 ml/min for 30 min. In the pilot
study we measured the cord temperature before, and
during epidural space perfusion cooling by inserting
the tip of a thermocouple electrode (0.5 mm in
diameter) digital thermometer directly into the spinal
cord, and the body temperature before and during
cooling by a thermometer placed rectally in ®ve rats.
The cord temperature was 24 ± 268C when the systemic
temperature was 31 ± 348C. Two hours after the clip
application, rats were sacri®ced with large doses of
pentothal sodium. The spinal cord was excised under
the microscope and dura, and leptomeninges and blood
vessels were separated from the spinal cord. This spinal
cord, in length 1.5 cm with the traumatized part in
middle, was stored at 7708C, until homogenization
procedure.
In this study, lipid peroxidation was assessed by

measuring the tissue content of MDA, one of the end
products of lipid peroxidation. Tissue samples were
homogenized in ice-cold trichloracetic acid (TCA) (1
tissue plus 1 ml 10%, wt/vol, TCA plus 8 ml 5% wt/
vol, TCA, or equivalent amounts) in an Ultra Turrax
tissue homogenizer. After centrifugation, a volume of
the supernatant was added to an equal volume of 0.67
(wt/vol) thiobarbituric acid, and the mixture was
heated 1008C for 10 min. The absorption spectrum
was then recorded over 480 ± 600 nm. The spectrum
was quite similar to that obtained with an MDA
standard produced by the acid hydrolysis of 1,1,3,3-
tetraethoxypropane and run under the same condi-
tions. The MDA concentration was calculated from
the absorption at 532 nm (absorption maximum) of
the di�erence spectrum with the use of a molar
extinction coe�cient of 1.566100 000, as reported
by others and also recalculated from our standards.

Statistical analysis
The results were analyzed by using SPSS
PC+statistical solving pocket. One way ANOVA test
was used. Di�erences between groups were determined
by Mann ±Whitney U Test. Di�erences were consid-
ered signi®cant at a P value of less than 0.05.

Results

Spinal cord MDA contents were listed in Table 1.
Di�erence of MDA level between group II (trauma
group) and group I (sham-operated group) was
statistically signi®cant (P50.01). MDA levels in group
III (epidural cooling group) were lower than group II,
the di�erence was statistically signi®cant (P50.01)
indicating that epidural cooling of traumatized spinal

cord is e�ective in preventing peroxidation of lipid
membranes.

Discussion

Our study showed that epidural cooling may have
bene®cial e�ects on spinal cord trauma in experimental
conditions. The rationale for treatment of spinal cord
injury is that the secondary damage could be
preventable. Despite much research about the mechan-
isms of secondary tissue damage in spinal cord injury,
our knowledge relating to these mechanisms remained
incomplete.
Available evidence suggested that excessive release

of the excitatory amino acid neurotransmitter gluta-
mate and aspartate,20 ± 23 intracellular calcium over-
load,24 ± 26 activation of the arachidonic acid
cascade,27 ± 29 and the induction of free radicals
induced lipid peroxidation30 are the important path-
ways of the secondary injury process.
The relative importance of each of the pathways is

unclear, but therapeutic approaches a�ecting each
pathway have been developed and are being tested in
laboratory and clinical situations. There is evidence for
the importance of oxygen radical formation and cell-
membrane lipid peroxidation in the injured nervous
system.9,10,30,31 Lipid peroxidation is a progressing
process that spreads over the surface of the cell
membrane, inhibiting lipid dependent enzymes, dis-
rupting ionic gradients, and, if severe enough, lysing
membranes.32 Many researchers have shown that
agents inhibiting lipid peroxidation enhance func-
tional recovery in experimental CNS injuries.13,14,33,34

This concept was supported clinically by NASCIS II.35

The extent of lipid peroxidation is a useful
parameter for evaluating the cellular disturbance
caused by spinal cord trauma in experimental
conditions.13,14,33 There are several methods for
measuring the degree of lipid peroxidation in tissue.
These methods are measurement of thiobarbituric acid
reactive substances (TBARS) content, determination

Table 1 Lipid peroxidation levels measured as malonil
dialdehyde (MDA), and expressed as micromol MDA/gram
wet weight (gww)

Group III
Group I Group II Epidural

Sham-operated Trauma cooling
n=5 n=7 n=8

1.365
1.533
1.901
1.467
1.643

3.457
2.369
2.475
1.887
2.996
2.653
2.256

1.564
1.447
2.374
1.699
1.917
1.578
1.831
1.752

Mean+SD 1.58+0.21 2.58+0.51 1.77+0.29
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of changes in diene conjugation aliquots of lipid
extracts, and measurement of formation of lipid
soluble ¯uorescent material.36 In this study, thiobarbi-
turic acid test to measure MDA in homogenates was
used because it was the test that we have been familiar
with.37,38 Although the reaction of TBA with a
complex variety of other molecules also provides a
positive reaction, this can be acceptable if the results
are compared with baseline lipid peroxidation levels
obtained from the sham-operated group. The accuracy
and appropriateness of the MDA test to measure the
extent of lipid peroxidation in experimental conditions
has been accepted by many investigators.36,39 ± 42

It was shown that lipid peroxidation levels reached
its maximum at 1 h after experimental spinal cord
injury.39 Therefore, we have started the cooling
procedure 30 min after the injury and continued for
30 min. Perfusion of the injured or ischemic spinal
cord with a cool, isotonic solution has been used in
animal models1,3,6 and humans and has shown some
promise.5 ± 8.
The potential bene®cial e�ects of cooling seemed to

be; decreased spinal cord metabolism, removal of
accumulating toxins, and increased CSF circulation
with greater delivery of nutrients to the damaged
area.43 It was shown that hypothermia decreases the
central nervous system oxygen metabolic rate and has
a protective e�ect in ischemia. Leonov et al44

postulated a multifactorial mechanism describing
how hypothermia may act: hypothermia quickly
preserves high-energy phosphates, mitigates abnormal
ion ¯uxes, reduces lactate production and tissue
acidosis, free fatty acid production, and protects the
¯uidity of lipoprotein membranes.
To date, several di�erent methods of hypothermia

have been suggested for prevention of neurological
injury resulting from trauma or ischemia.1,16,45 ± 48

Systemic hypothermia carries some risk of cardiac
disorders. Ventricular ®brillation and cardiac standstill
may appear at a body temperature of below 328C,
whereas central nervous system tissue may tolerate 58C
without permanent neurological complications.15

Techniques of selective cord hypothermia, either by
perfusion or local application, have been shown to
protect against neurological injury resulting from
trauma both in experimental1,2 and clinical4 situa-
tions. In the pilot study, we measured the cord
temperature as 24 ± 268C when the systemic tempera-
ture was 31 ± 348C in ®ve rats. We did not observe any
cardiac arrhythmia with our technique.
Our results showed that cooling of the injured

spinal cord is e�ective against secondary damage by
lowering the lipid peroxidation. This protection may
be attributed to several mechanisms. In an acidic
environment, O2 is converted to the more reactive,
more lipid-soluble hydroperoxil radical and its rate of
dismutation to H2O2 is greatly increased. By reducing
tissue acidosis and oxygen metabolic rate hypothermia
may partly prevent production of free radicals and so
may partly inhibit lipid peroxidation. There may be

some other pathways of lipid peroxidation that
hypothermia has a�ected. E�ects of hypothermia on
neurological outcome and histological ®ndings have
been previously investigated. The present study
demonstrated the e�ectiveness of hypothermia bio-
chemically in experimental spinal cord injury just for
the early period of trauma.
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