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Abstract 

The effectiveness of nimodipine and N-acetylcysteine in ex- 
perimental spinal cord injury was evaluated by measuring 
tissue lipid peroxidation levels of the damaged spinal cords 
1 hour after the injury. We used the clip compression 
method to produce acute spinal cord injury in 40 female 
Sprague-Dawley rats were used. The rats were divided into 
four groups of 10 each. Lipid peroxidation was assessed by 
measuring the tissue content of malonil dialdehyde 
(MDA). In group 3, nimodipine, and in group 4, N-acety !- 
cysteine, was administered i.p. as a single dose immediately 
after the injury. The rats were sacrificed 1 hour after clip ap- 
plication. The tissue mean MDA content was 3,992/amol 
MDA/gww in group 1 (sham operated), 10,192 tamol 
MDA/gww in group 2 (trauma), 10,449 ~tmol MDA/gww in 
group 3 (nimodipine treatment) and 9,009 0mol 
MDA/gww in group 4 (N-acetylcysteine treatment). These 
results demonstrated that a single dose of nimodipine and 
y-acetylcysteine had no effect on peroxidation of lipid 
membranes in the early period of experimental spinal cord 
injury. 
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1 Introduction 

Excessive entry of Ca ~+ into cells has been proposed 
as a major contributor to neuronal death in the in- 
jured spinal cord [2, 3, 23, 33]. As it was previously 
reported, there is a marked increase in the intracel- 
lular concentration of calcium in the spinal cord af- 
ter spinal cord injury [23, 29, 33, 36]. The effect of in- 
flux of Ca 2. on neuronal  death has not  been defi- 
nitely established. Membrane lipid peroxidation is 
potentially one of the principal side effects of exces- 

sive calcium entry into cells [25]. A second pathway 
to lipid peroxidation is through free radical produc- 
tion [11-13]. Inhibition of Ca 2+ ionic influx has been 
a rational target for pharmacological intervention. 
Agents used in spinal cord injury models include ni- 
cardipine [7, 26], nimodipine [15-19], verapamil, dil- 
tiazem, and nifedipine [22]. Most of the studies 
showed no significant effects of these agents on spi- 
nal cord blood flow, electrophysiological changes, or 
histopathologic and behavioral outcomes. 

The formation of free radicals after spinal cord in- 
jury has been a target of pharmacological control. 
Megadose steroids, vitanfins C and E, selenium and 
high doses of opiate antagonists have been used to 
scavenge the free radicals, thereby preventing lipid 
peroxidation and membrane  destabilization. Stud- 
ies in animals have shown that N-acetylcysteine in- 
hibits free radical formation [6, 30]. 

The purpose of this study was to investigate the ef- 
fect of single-dose nimodipine and y-acetylcysteine 
on lipid peroxidation, which is a useful parameter for 
evaluating the cellular disturbance caused by the 
spinal cord injury. 

2 Materials and methods  

Forty female Sprague-Dawley rats with weights rang- 
ing from 230 to 310 g were used. Rats were divided 
into four groups of 10. Rats were anesthetized with 
intraperitoneal inj ection of thiopentone sodium BP 
(pentothal sodium Abbott )  30 mg/kg, and laminec- 
tomy was performed at C7-T1 by using an operating 
microscope. The clip (Yasargil aneurysm clip, Aescu- 
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lap FE 752, force of closure 192 g [162-198 g]) was ap- 
plied extradurally to the spinal cord and compressed 
the cord for 30 in group 2, group 3 and group 4. In 
group 1 (sham-operated group) laminectomy was 
performed, but  the clip was not  applied. In group 3, 
nimodipine was administered intraperitoneally as a 
single dose of 0.05 mg/kg immediately after spinal 
cord injury. In group 4, N-acetylcysteine was admin- 
stered i.p. as a single dose of 163 mg/kg immediately 
after the injury. Results of group 1 and group 2 rats 
were used in another study (28) which was conducted 
simultaneously with this study, in order to avoid sac- 
rificing more animals. Rats were sacrificed with large 
doses of pentothal sodium at i hour after the clip ap- 
plication. The 1.2 cm of spinal cord which contained 
the traumatized part in the middle was excised under 
the microscope and stored at m - 70°C until  the ho- 
mogenization procedure. Lipid peroxidation was as- 
sessed by measuring the tissue content ofmalonic di- 
aldehyde (MDA) [9], one of the end products of lipid 
peroxidation. Tissue samples were homogenized in 
ice-cold trichloracetic acid (TCA) (1 g tissue plus l m l  
10 %, wt/vol, TCA plus 8 ml 5 %, wt/vol, TCA, or 
equivalent amounts) in an ultra Turrax tissue homog- 
enizer. After centrifugation, avolume of the superna- 
tant was added to give an exual volume of 0.67 % 
(wt/vol) thiobarbituric acid, and the mixture was 
heated to 100°C for 10 min. The absorption spectrum 
was then recorded over 480~500 nm. The spectrum 
was quite similar to that obtained with an MDA stan- 
dard produced by the acid hydrolysis of 1,1,3,3-tetra- 
ethoxypropane and run  under the same conditions. 
The MDA concentration was calculated from the ab- 
sorption at 532 nm (absorption maximum) of the dif- 
ference spectrum, with the use of a molar extinction 

coefficient of 1.56 x 100 000, as reported by others 
andalso recalculated from our standards. 

3 Results 

The results were analyzed by using SPSS PC+ statisti- 
cal solving pockage. Student's-t test was used. A p- 
value less than 0.05 was considered statistically signif- 
icant. The effect of treatment was evaluated by assess- 
ing MDA formation in the spinal cord at 1 hour after 
injury. The MDA content is listed in Table I by group. 
The MDA content was higher in group 2 (without 
treatment) than in group 1 (sham-operated). The dif- 
ference between group 2 and group 3 (nimodipine 
treatment) and group 4 (N-acetylcysteine treatment) 
was not statistically significant. A single dose of ni- 
modipine and N-acetylcysteine had no effect on MDA 
formation in the spinal cord homogenates. 

4 Discussion 

There is a rapid change in the extracellular concen- 
tration of Ca 2+ and K + ions in the injured spinal cord 
[36]. Excessive entry of ca 2+ into cells is a major con- 
tributor to neuronal  death [2,3,23,33]. The possible 
mechanisms of calcium toxicity are activation of 
intracellular proteases and lipases, free radical for- 
mation, depletion of energy, and impairment of met- 
ochondrial oxidative phosphorylation [10]. Mem- 
brane lipid peroxidation, with its deleterious offects 
on membrane  integrity and on the production of 
arachidonic acid metabolites, is potentially one of 
the principal harmful side effects of excessive cal- 
cium entry into cells [25]. 

Table I. MDA levels (micromoles MDA per gram of wet weight) 

Control groups Treatment groups 

Sham-operated Trauma Nimodipine 
Group 1 n = 10 Group 2 n = 10 Group 3 n = 10 
2.69 12.05 8.46 
3.53 8.65 11.22 
4.08 12.50 10.32 
5.32 9.23 11.54 
2.44 8.85 9.36 
3.97 11.03 9.68 
3.40 9.74 11.86 
4.62 10.26 7.95 
4.17 11.26 10.45 
5.00 7.69 13.65 
(mean) 3.9220 (mean) 10.1920 (mean) 10.4490 
_+0.933 _+1.634 _+1.700 

N-Acetylcysteine 
Group 4 n = 10 
10.58 
7.18 

12.45 
10.71 
7.95 
6.73 
8.33 
8.21 

11.22 
6.73 

(mean) 9.0090 
-+2.056 

Neurosurg. Rev. 21 (1998) 



262 

Lipid peroxidation occurs as a result of ischemia and 
reper fusion, which increases the permeability of cell 
membranes to calcium. Increased intracellular con- 
centration of Ca 2+ might either enhance lipid peoxi- 
dation reactions further or stimulate the degrada- 
tion of phospholipid, which further disrupts mem- 
brane permeability [21]. 

Calcium antagonists have been shown to interfere 
with voltage-activated inward displacement of Ca 2+ 
into neurons; hence they can potentially minimize 
calcium toxicity following injury to the central ner- 
vous system [14]. 

In our study, the ability of a single intraperitoneal 
dose (0,05 mg/kg) of nimodipine to attenuate lipid 
peroxidation at 1 hour after spinal cord injury in rats 
was examined. It was previously reported [5] that the 
lipid peroxidation level in the injured spinal cord tis- 
sue reaches its maximum at 1 hour after trauma. 
Therefore, we sacrifficed the rats 1 hour after 
trauma. Our results show that nimodipine has no ef- 
fect on lipid peroxidation in experimental spinal 
cord injury This is probably due to (1) inffectiveness 
of nimodipine to prevent Cay +2 entry into trauma- 
tized cells and/or (2) presence of other mechanisms 
causing lipid peroxidation and/or (3) dose and 
method of administration of nimodipine. 

Previous reports have shown that nimodipine can ef- 
fectively.increase cerebral and spinal blood flow [16, 
17, 24, 31]. GUHA et al. [17] found approximately 40 % 
increase in spinal cord blood flow following adminis- 
tration of nimodipine in a dose of 0.05 mg/kg. 

Several studies in traumatic spinal cord injury mod- 
els have shown that nimodipine has no beneficial ef- 
fect. FORD and MALIN [15] found no benefit in terms 
of functional recovery from spinal cord injury HA- 
GmGm et al. [19] reported that nimodipine has no 
beneficial effect on axonal function as measured by 
the evoked cortical activities. HOLTZ et al [27] re- 
ported hat nimodipine was of no benefit either func- 
tionally or in terms of spinal cord blood flow. 

A second pathway to lipid peroxidation is through 
free radical production secondary to injury. DEMO- 
POULOS et al. [11] reported that cell membrane dam- 
age in the central nervous system following cerebral 
ischemia and spinal cord injury may be induced by 
free radical reaction and lipid peroxidation. 
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Free radicals are molecules with single, unpaired 
electron in their outer electron orbit. These mole- 
cules are chemically very active, reacting with other 
molecules to form more free radicals. Endogenous 
enzyme systems and antioxidants control the pro- 
duction and effects of free radicals. When these 
systems are overwhelmed, secondary injury may oc- 
cur. 

ARtJO~A et al. [l] have shown that y-acetylcysteine 
scavenges hydroxyl radicals and hypochlorous radi- 
cals. Studies in animals have shown that N-acetylcys- 
teine inhibits free radical formation [6, 30]. 

Oxygen radical mediated lipid peroxidation has 
been suggested to be an important factor in post- 
traumatic neuronal degeneration [20]. Many studies 
have evaluated the neuroprotection efficacy of phar- 
macological agents with lipid antioxidant activity in 
models of spinal cord and brain injury The results of 
NASCIS II [8] support the significance of lipid per- 
oxidation as a post-traumatic degenerative mecha- 
nism. As a part of the present study, the efficacy of a 
single intraperitoneal dose (163 mg/kg) of N-acetyl- 
cysteine was investigated by measuring MDA con- 
tent of the traumatized spinal cord 1 hour after the 
injury Our results show that y-acetylcysteine has no 
effect on lipid peroxidation. 

It has been shown that N-acetylcysteine inhibits lipid 
peroxidation caused by doxorubicin in vivo [32], 
whereas it enhances lipid peroxidation in the pres- 
ence of iron in vitro [34, 35]. BARTH et al. [4] has 
shown that N-acetyleysteine slightly increases cyclo- 
sporin A-induced lipid peroxidation when iron is 
added to the medium of incubation. 

In our opinion the probable causes of the inability of 
N-acetylcysteine to decrease lipid peroxidation are 
(1) the amount of free Fe 3+ available to oxidize the 
sulfhydryl group of N-acetylcysteine and (2) the dose 
and method of administration were inadequate; and 
(3) there are many pathways to lipid peroxidation the 
prevention of the progression of only one pathway, 
may not be sufficient to decrease lipid peroxidation, 

N-acetylcysteine may be effective if used with chela- 
tors to reduce the availability of iron in spinal cord in- 
jury It may be more effective to use a combination of 
agents that affect the pathways of the secondary in- 
jury cascade. 
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