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ABSTRACT 

Although the molecular basis of ischaemic damage of the brain is as yet unknown, it has 
been postulated that the uncontrolled production of reactive oxygenated species derived 
from molecular oxygen (including hydroxyl radicals, superoxide radicals and singlet 
oxygen) may play a major role in the production of such injury. The ability of various 
barbiturates to modify the nature and extent of membrane damage produced by various 
oxygen radicals generated under well-defined conditions in vitro has been directly 
examined using the human erythrocyte as model membrane system. Our results indicate 
that barbiturates are unlikely to exert their protective effects by directly scavenging singlet 
oxygen, superoxide or hydroxyl radicals. The highly lipophilic barbiturate thiopentone is 
capable of decreasing the susceptibility of membranes to oxidative degradation by a direct 
membrane action, a property shared by amphipathic membrane stabilizers such as 
propranolol. The barbiturates were found to stabilize the haeme moiety of haemoglobin 
preventing its conversion to methaemoglobin in the presence of hydrogen peroxide. It is 
postulated that a major aspect of barbiturate action in decreasing ischaemic injury to the 
brain may involve the stabilization of haeme-coordinated iron complexes, thereby 
preventing the participation of these ubiquitous substances in initiating and potentiating free 
radical-mediated processes which have been implicated in the production of such injury. 
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THE ABILITY of barbiturates to offer marked 
protection of the brain against hypoxic or is- 
chaemic injury in a variety of animal model 
systems ~ has led to increasing interest in the 
possible use of iatrogenic barbiturate coma in the 
clinical management of various cerebral insults. 
The barbiturates are capable of exerting a num- 
ber of potentially relevant beneficial actions, 
includin~ a decrease in elevated intracranial 
pressure- and eedema formation, ~ a reduction in 
neuronal metabolic rate and seizure activity 7 and 
the maintenance of adequate cerebral blood flow 
and substrate utilization, s However, recent in- 
vestigations into the molecular basis of certain 
central nervous system degenerative lesions 
have postulated a crucial role of free radical- 
mediated alterations at the level of subcellular 
membrane systems. 9 The high content in brain 
of phospholipids with unsaturated fatty acids 1~ 
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makes this tissue particularly vulnerable to free 
radical attack. The radical species initiating 
cellular injury are believed to be reactive prod- 
ucts of molecular oxygen which are formed 
during univalent oxygen reductive processes 
accompanying normal cellular metabolism and 
electron transport. 1 ~ Uncontrolled production of 
these species may arise from the abnormal redox 
cycling of co-factors in ischaemia or hypoxia as 
a result of the abrupt loss of O2 at the final 
terminus. 9 The reactive oxygen species would 
include hydroxyl radicals (HO.) superoxide 
radicals (02-), singlet oxygen ('02) and hydrogen 
peroxide (H202). 

Within this context, then, the protective ef- 
fects of barbiturates could result from their 
ability to selectively scavenge one or more of 
these reactive oxygen species 12' ~ 3 or from altera- 
tions at the level of cellular membranes which 
would either decrease their susceptibility to 
attack or preserve their structural integrity by a 
membrane stabilizing action 14 subsequent to 
damage. However, direct evidence bearing on 
the involvement of oxygen radicals in ischaemic 
injury of the brain or in its amelioration by 
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barbiturates is at present lacking. Although 
numerous in vivo studies have been described in 
animals, the inherent complexities of such ex- 
periments have allowed little mechanistic infor- 
mation on molecular aspects of barbiturate ac- 
tion to be obtained. The aim of the present 
investigation, therefore, was to examine in vitro 
the ability of barbiturates to modify oxidative 
damage produced in a model membrane system 
by exposure to various chemically generated 
oxidizing species which have been implicated in 
the production of ischaemic/hypoxic cerebral 
injury in vivo. Our experiments do not support 
direct free radical trapping as a plausible mecha- 
nism of barbiturate protection, but rather sug- 
gest that interactions at the level of haeme- 
coordinated iron may be important in determin- 
ing these protective actions. 

METHODS 

Peroxidation Studies 
Blood was obtained by venipuncture from 

clinically normal volunteers immediately before 
each experiment, using heparin as anticoagu- 
lant. Erythrocytes were washed twice with iso- 
tonic saline containing 2mM sodium azide to 
inhibit catalase, thereby greatly improving the 
reproducibility of hydrogen peroxide-induced 
oxidative damage to red cells. ~ A 25 per cent 
suspension of red cells in saline/azide was 
prepared and 0.5 ml of this suspension was 
combined with 2.0 ml of a solution of barbiturate 
(or other drug to be tested) in saline/azide and the 
mixture was allowed to equilibrate for 5 min at 
37 ~ C. Peroxidative challenge was initiated by 
the addition of 2.5 ml of a freshly prepared H202 
solution (10mM, stored on ice) in saline/azide 
and containing the same concentration of test 
drug as in the preincubation. Following a 30rain 
incubation at 37 ~ C, the reaction was terminated 
by the addition of 2.5 ml of 28 per cent tri- 
chloroacetic acid (W/V) containing 0.1 M so- 
dium arsenite, the latter serving to stabilize the 
chromogen produced by thiobarbituric acid in 
the determination of malondialdehyde, ts a by- 
product of lipid peroxidation, as described 
below. The mixture was centrifuged and a4.0 ml 
aliquot of supernatant was combined with l ml 
of a 0.67 per cent aqueous solution of thiobarbit- 
uric acid. Colour development was effected by 
boiling for 15 minutes and the chromophore was 
extracted into cyclohexanone. The extent of 

malondialdehyde (MDA) production was esti- 
mated from the absorbance at 532 nm. 

Photolytic Generation of Singlet Oxygen 
These studies were performed using erythro- 

cyte membranes prepared by a stepwise hypo- 
tonic lysis procedure described previously. ~6 
The photolysis medium consisted of 1.5ml 
membrane suspension (approximately 3.5mg 
protein/ml), 5.0ml Tris buffer (0.165M, pH 
7.4), Rose Bengal (at a final concentration of 
10 -5 M) and 1.0ml solution of test drug in 
distilled water, all in a final volume of I0.0 ml. 
Samples (in 20 ml glass vials) were irradiated for 
2 min at a 5 cm distance from a Leitz 35 mm slide 
projector (Wetzlar, Germany) employed as light 
source. Following centrifugation and washing 
with Tris buffer, membranes were resuspended 
in 1.2ml of water and suitable aliquots were 
analyzed for MDA (as outlined above) and for 
sulfhydryl group content using 5,5'-dithio-bis- 
(2-nitro-benzoic acid) as described by Godin et 
al. 17 

Xanthine/xanthine Oxidase-dependent Produc- 
tion of Superoxide 

This cell-free system consisted of the follow- 
ing components in a total volume of 3.0 ml at the 
final concentrations indicated: phosphate buffer 
(50mM, pH 7.6), cytochrome c (0.05mM), 
xanthine (0.15 mM), xanthine oxidase (20 I~g/ 
3.0ml reaction mixture) and barbiturate or 
radical scavenger to be examined. The forma- 
tion of superoxide radical could be monitored 
spectrophotometrically by virtue of its ability to 
reduce cytochrome c and thereby cause an 
increase in absorbance at 550 nm. is 

Treatment of Intact Erythrocytes with Sodium 
Nitrite 

The conversion of haemoglobin to methae- 
moglobin in intact red cells was achieved by 
treatment with sodium nitrite n9 as follows. A 
1.5 ml aliquot of packed saline-washed red cells 
was incubated for 15 minutes in an isotonic 
saline medium containing 1 mg/ml of sodium 
nitrite. The final volume was 5.0ml and the 
suspension was intermittently vortexed through- 
out the course of the incubation to ensure 
complete mixing. The treated cells were then 
diluted with cold saline and washed five times by 
centrifugation to remove residual sodium nitrite. 
A 25 per cent suspension of these modified cells 
was prepared in saline - 2 mM sodium azide and 
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this was used in peroxidation studies as de- 
scribed above. 

Spectrophotometric Measurement of Methae- 
moglobin Formation in Red Cell Haemo- 
lyzates Exposed to Hydrogen Peroxide 

The effect of barbiturates on the peroxide- 
induced oxidation of haemoglobin to methae- 
moglobin was investigated using haemolyzates 
prepared by treating 0.Sml packed washed 
erythrocytes with 50 ml 2 mM sodium azide for 
10 minutes at room temperature, followed by 
centrifugation. One ml of the supernatant was 
combined with 1.0 ml of a solution containing 
test drug or sodium chloride and 0.2ml H202 
(0.03 in 2 mM sodium azide) in a final volume of 
3.0ml. The slope of the linear relationship 
between the absorbance increase at 630 nm and 
time obtained from double logarithmic plots of 
the data was a sensitive index of the effects of 
various pharmacological agents on the suscepti- 
bility of the haeme moiety of haemoglobin to 
oxidation in the presence of peroxide. 

MATERIALS 

The following substances were obtained from 
Sigma: thiobarbituric acid, mannitol, cyto- 
chrome c, sodium formate, superoxide dismu- 
tase, Tris, xanthine, xanthine oxidase and dl- 
propranolol. Sodium azide, H202 (30%), tri- 
chloroacetic acid and sodium arsenite were pur- 
chased from the Fisher Chemical Company. 
Rose Bengal was obtained from Aldrich, sodium 
pentobarbitone and sodium phenobarbitone 
from BDH Chemicals of Canada and sodium 
thiopentone from Abbott Laboratories, Mont- 
real. 

RESULTS 

Singlet Oxygen 
Irradiation of aerated solutions in the presence 

of Rose Bengal results in the generation of 
singlet oxygen, 2~ a highly reactive form of 
molecular oxygen wherein one of the two un- 
paired electrons in ground state triplet oxygen 
undergoes spin inversion. 21 Singlet oxygen is 
capable of damaging both the protein and the 
phospholipid components of membranes, caus- 
ing a marked reduction in protein sulfhydryl title 
and a large increase in levels of malondialdehyde 
(MDA), a by-product of phospholipid oxidation 
(Figure 1). The involvement of singlet oxygen in 
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FiougE 1 Effects of azide (10 raM) and pentobar- 
bitone (10 mM) on Rose Bengal-sensitized photolytic 
changes  in  e ry th rocy te  m e m b r a n e  m a l o n d i a l d e h y d e  
(MDA) levels and sulfhydryl titres. [Values are 
expressed as mean -+ S.D.] 

these alterations was confirmed by the ameliorat- 
ing effects of azide, a known singlet oxygen 
quencher} ~ In contrast, pentobarbitone and 
phenobarbitone (not shown) were devoid of 
protective actions in this system even at concen- 
trations as high as 10 mM (Figure 1). 

Superoxide Radical 
Superoxide radicals are produced in vitro 

during the course of xanthine oxidation by 
xanthine oxidase and the reduction of cyto- 
chrome c under these conditions provides a 
convenient means of monitoring the formation 
of superoxide as a function of time. is This is 
illustrated in Figure 2 and the marked inhibitory 
effect of superoxide dismutase (SOD) on the 
increase in absorbance at 550 nm associated with 
cytochrome c reduction clearly implicates 
superoxide radicals in the process. The lack of 
effect of pentobarbitone, phenobarbitone or 
thiopentone (the latter not shown) in this in vitro 
system indicates that barbiturates are incapable 
of directly scavenging superoxide radicals. 

Hydrogen Peroxide 
The rationale for examining the membrane 

oxidative damage produced by hydrogen perox- 
ide was two-fold: first, because this potentially 
damaging species may be produced in vivo by 
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FIOURE 2 Effects of barbiturates or superoxide 
dismutase (SOD) on the reduction of cytochrome c by 
superoxide radical generated by the xanthine oxidase- 
catalyzed oxidation of xanthine. [The data presented 
are the results from a single representative experi- 
ment. Pentobarbitone and phenobarbitone were tested 
at a final concentration of 2 mM and SOD at a 
concentration of 50 Ixg per 3.0 ml reaction mixture.] 

many subcellular organelles and it may also arise 
from the dismutation of superoxide radicals; 22 
secondly, and perhaps more importantly, it may 
potentially give rise, by decomposition and 
radical interconversion processes, to a mixture 
of reactive oxygen derivatives (including super- 
oxide, singlet oxygen and hydroxyl radicals) 
whose combined presence may give rise to 
characteristic patterns of cellular injury which 
may more closely approximate the situation in 
vivo. 23 Exposure of intact erythrocytes to 5 mM 
hydrogen peroxide for 30min at 37* C was 
associated with a visible colour change due to 
methaemoglobin formation and the production 
of peroxidative damage as reflected by a marked 
elevation in MDA levels. Treatment of 
haemoglobin-free erythrocyte membranes under 
the same conditions failed to produce consistent 
elevations in MDA levels, suggesting a role of 
haeme-coordinated iron, a known catalyst of 
lipid peroxidation, 24 in peroxide-induced dam- 
age to intact erythrocytes. Barbiturates exerted 
marked protective effects against lipid peroxi- 
dative changes in intact cells. The degree of 
protection was concentration-dependent and was 
greater for thiopentone and pentobarbitone than 
for phenobarbitone (Figure 3). No protection 
was found with azide or superoxide dismutase, 
although the latter was shown to retain full 
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FIGURE 3 Effects of barbiturates on the enhance- 
ment of MDA levels in intact erythrocytes exposed to 
hydrogen peroxide. [Each point represents the mean 
-+ S.D. of triplicate experiments using six different 
blood samples.] 

activity under the conditions used to produce 
erythrocyte peroxidation. Specific hydroxyl rad- 
ical scavengers such as mannitol (100 mM) or 
sodium formate (20 mM) were found to exhibit a 
variable, but small, degree of protection which 
never exceeded 30 per cent. To explore the 
possibility that barbiturates might act at least in 
part by the direct scavenging of hydroxyl radi- 
cals, we have examined the extent of protection 
produced by pentobarbitone and of hydroxyl 
scavengers alone and in combination, with the 
aim of determining whether or not protective 
effects are additive. By analogy with the situa- 
tion described by Webb 25 for two different 
inhibitors acting on the same enzymatic process, 
if the protective actions of a barbiturate and a 
specific hydroxyl radical scavenger are strictly 
additive when present simultaneously, the two 
inhibitors are presumed to act by different 
mechanisms. 25 By this criterion, our observa- 
tion that the protective effects of pentobarbitone 
and formate on erythrocyte peroxidative damage 
are strictly additive suggests that barbiturates are 
not effective scavengers of hydroxyl radicals. 

If, as seems likely from our results presented 
thus far, the barbiturates do not offer protection 
against membrane peroxidative damage by vir- 
tue of their radical scavenging properties, alter- 
native mechanisms must be considered. One 
possibility was that the barbiturates might de- 
crease the susceptibility of erythrocytes to 
peroxidation by a direct membrane stabilizing 
action, t4 Consistent with this hypothesis was the 
finding that propranolol, employed here as a 
prototype lipophilic cation with membrane stabi- 
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lizing properties, 26 effectively protected eryth- s .5~ 
c rocytes against lipid peroxidation even at con- 

centrations as low as I0-SM (Figure 4). Unlike ~ | 
the barbiturates, however, protection against .~o 

1 

MDA formation by propranolol was not assoc- ,~ 
iated with a visible reduction in the extent of 
methaemoglobin formation. These observations ~ .,o 
suggested that the protection by barbiturates of o 
intact erythrocytes against damage induced by 
hydrogen peroxide may involve an action at the 
level of haeme-coordinated iron. This was fur . . . . . . .  
ther substantiated by experiments using eryth- 
rocytes pretreated with sodium nitrite to promote 
the formation of methaemoglobin. ~9 Under 
these conditions (Figure 5) enhanced production 
of MDA following peroxide challenge was noted 
and the protective effects of pentobarbitone were 
markedly reduced. In contrast, the extent of 
protection by propranolol was unaffected by 
nitrite pre-treatment (Figure 5). 

Our findings indicate, therefore, that a major 
component of the protective action of barbitu- 
rates is exerted intracellularly, rather than at the ,o o 
membrane level and that this likely relates to the 
ability of these substances to prevent membrane 
damage  l inked to the oxidative convers ion  of  ~176 
haemoglobin to methaemoglobin. Direct spec- 
trophotometric examination of the influence of z ~ 

0 barbiturates on the formation of methaemoglo- ?. 
bin in membrane-free red cell haemolysates ex- u 
posed to hydrogen peroxide (Figure 6) con- ~- -o 
firmed this proposal. The order of potency of the 
three analogues investigated qualitatively paral- t~ 
leled that for protection of intact erythrocytes--- ~~ 
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FIGURE 4 Effect of propranolol on the increase in 
MDA levels of intact erythrocytes exposed to hydro- 
gen peroxide, lEach point represents the mean -+ S.D. 
of triplicate experiments using six different blood 
samples.] 
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FIGURE 5 Effect of sodium nitrite pretreatment on 

the protection by pentobarbitone (2 mM) or propra- 
nolol (0.5 mM) against pemxidative damage to intact 
erythrocytes exposed to hydrogen peroxide. [Each 
value represents the mean -+ S.D. of experiments 
using six different blood samples.] 
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FIGURE 6 Effects of various barbiturates and 
propranolol on the oxidation of haemoglobin to 
methaemoglobin by hydrogen peroxide in cell free red 
cell haemolysates. [Each point represents the mean _.+ 
S.D. of experiments using a minimum of three 
different blood samples.] 

against peroxidative damage (Figure 3). As 
expected on the basis of our earlier observations, 
propranolol exerted no protection against 
peroxide-induced methaemoglobin production, 
even at concentrations greatly in excess of those 
required to produce maximal protection against 
peroxidative damage to intact cells (Figure 4). 
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DISCUSSION 

High dose barbiturate therapy is receiving 
increasing attention as a pharmacological ap- 
proach to the management of neurological disor- 
ders involving cerebral ischaemia, brain swell- 
ing and increased intracranial pressure. 27 
Although some experimental evidence exists in 
support of this new therapeutic modality, 2~ the 
results of man~. studies have been inconclusive 
or conflicting. 28-3~ A number of tentative con- 
clusions may be drawn: first, success in barbitu- 
rate protection seems greatest in incomplete 
regional ischaemia as compared with global 
ischaemia; 3t secondly, there are indications that 
barbiturates may still exert protective effects 
even when therapy is delayed for some time after 
the onset of ischaemia; 2-4'32 and finally, dosage 
adjustment is critical if potentially beneficial 
actions are to out-weigh adverse consequences 
relating to circulatory and respiratory failure. 33 

A number of groups, most notably that of 
Demopoulos, 9 have postulated the involvement 
of oxygen free radicals in various types of 
degenerative changes in the central nervous 
system, including spinal cord impact injury, 
cerebral ischaemia and cold injury. Interesting- 
ly, such free radicals have also been implicated 
in the ~rocess of inflammation, 34 in oxygen 

23 toxicity and in the selective cytotoxicity in- 
duced by a number of experimental agents, such 
as 6-hydroxydopamine, 6,7-dihydroxytrypta- 
mine and dialuric acid. 35 The theory has there- 
fore emerged that the protective actions of the 
barbiturates against ischaemic injury of the brain 
may reside, at least in part, in their ability to 
scavenge reactive oxygen-derived radicals 
whose uncontrolled production in ischaemia or 
hypoxia would occur as the result of alterations 
in normally tightly coupled electron transport 
chain processes. 9 Recent experiments described 
by Smith e t  a l . ,  3s however, have shown that 
although thiopentone offered marked protection 
of brain phospholipids against peroxidative 
damage in vitro using an iron-ascorbate system, 
pentobarbitone and phenobarbitone were inac- 
tive. Since these latter two barbiturates have 
previously been shown to be capable of protect- 
ing the brain against ischaemic injury, the 
authors interpreted their findings as being incon- 
sistent with the free radical hypothesis of barbi- 
turate action. 

The major limitations of the above study, 
however, are that the nature of the reactive 

species responsible for initiating lipid peroxida- 
tion is uncertain and, more importantly, the 
extent to which this in vitro system mimics these 
conditions promoting ischaemic brain injury in 
vivo is unknown. It therefore seemed premature 
to dismiss the free radical scavenging theory of 
barbiturate protection until more specific infor- 
mation was obtained concerning the ability of 
barbiturates to interact with the various reactive 
oxygen species implicated in cellular injury in 
vivo. Such, then, was our objective in the present 
investigation. 

Singlet oxygen is a highly reactive form of 
molecular oxygen which may be formed from 
the spontaneous dismutation of superoxide radi- 

37 cals, as a product of the interaction of hydro- 
gen peroxide and superoxide radicals (the 
Haber-Weiss reaction) 23 or from the action of 
light in the presence of certain naturally occur- 
ring pigments (such as the porphyrins) orphoto- 
sensitizing dyes (such as Rose-Bengal).2~ - 
let oxygen has been implicated in the process of 
prostaglandin synthesis 38 and the ability of 
indomethaein to offer protection against concus- 
sive injury to the brain in the cat, may relate to 
the singlet oxygen-scavenging properties of this 
prostaglandin synthetase inhibitor. 21 We have 
found phenobarbitone and pentobarbitone, even 
at concentrations considerably greater than those 
relevant to clinical anaesthesia, 39 to be devoid of 
singlet oxygen scavenging properties, as appar- 
ent from their lack of effect on Rose Bengal 
photolytic damage to erythrocyte membrane 
protein and phospholipid components (Figure 
1). On the other hand, thiopentone (1 mM), pro- 
pranolol (1 mM) and chlorpromazine (0.1 mM) 
each caused approximately 60 per cent protec- 
tion against the elevation in malondialdehyde 
levels in erythrocyte membranes following Rose 
Bengai-sensitized photolysis (unpublished ob- 
servations). These observations and the afore- 
mentioned results of Smith et al. ,36 who demon- 
strated protective effects of thiopentone and 
chlorpromazine against lipid peroxidative dam- 
age in brain homogenates, suggested that, while 
the susceptibility of membranes to radical attack 
in vitro may be effectively reduced by lipophilic 
substances with membrane stabilizing activity, 
pentobarbitone and phenobarbitone are relative- 
ly ineffective in this regard so that their protec- 
tive actions in vivo are not likely to involve this 
mechanism. Further, the experiments depicted 
in Figure 2 indicate that the barbiturates can 
neither directly scavenge superoxide anions me- 
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dinting cytochrome c reduction nor interfere 
with the formation of these radicals during the 
oxidation of xanthine by xanthine oxidase. 

The greatest effects of the barbiturates in the 
present study were exerted against hydrogen 
peroxide-induced oxidative damage in intact 
erythrocytes (Figure 3) at concentrations below 
and above 10 -3 M, the level of phenobarbitone 
believed to be achieved in brain tissue during 
anaesthesia. 39 Experiments with specific oxy- 
gen radical trappers (including the specific hy- 
droxyl trapper formate) suggested a minor role 
of hydroxyl radicals in this system but the 
additive (and hence independent) protective 
effects of pentobarbitone and formate were an 
indirect indication that the barbiturates are not 
effective scavengers of these highly reactive and 
potentially damaging radical species. Rather, a 
major action of the barbiturates may involve the 
stabilization of  haeme-eoordinated ferrous ion 
against oxidative transformation, thereby mini- 
mizing its role in initiating and potentiating the 
free radical processes involved in the peroxidat- 
ive destruction of cellular membrane lipids. 24 
Thus, the oxidation by sodium nitrite of red cell 
haemoglobin to methaemoglobin potentiates ox- 
idative damage and appreciably decreases the 
protective actions of the barbiturates while leav- 
ing those due to direct membrane stabilization by 
propranolol unaltered (Figure 5). Direct evi- 
dence for the ability of various barbiturate 
analogues to prevent the peroxide-induced con- 
version of haemoglobin to methaemoglobin is 
presented in Figure 6. Methaemoglobin and 
hydrogen peroxide are known to form a reactive 
complex which is able, for example, to oxidize 
phenols to free radical intermediates 't~ and the 
complex has been implicated in the red cell 
damage caused by activated neutrophils. 41 More 
generally, iron-coordinated complexes arising 
from extravasated blood, disrupted mitochon- 
drial cytochrome components, or other sources 
may play an important role in the initiation 
of free radical-mediated processes responsible 
for tissue ischaemic or hypoxic injury. Our 
results suggest, therefore, that the barbiturates 
may act to diminish the effectiveness of iron- 
coordination complexes as catalysts for these 
processes and thereby reduce the extent of in- 
jury in tissues subjected to hypoxia or ischaemia. 
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RgSUMI~ 

Bien que la th~orie fondamentale du dommage cErEbral ischEmiquc ne soit pas encore 
61ucidEe, on a postul6 que l'exc~s de production de dErivEs rEaetifs de I'oxygEne 
molEculake (tels les radicaux hydroxyl, superoxyde et l'oxyg~ne univalent) pouvait jouer 
uu rEle important dam la gEn~se de la lesion hypoxique. Cette capacit6 pour certalns 
barbitudques de modifier la nature et l'Etendue du dommage cause/~ la membrane par 
certains radicaux gEnEr~s in vitro dans des conditions cxp~fimentales spEcifiques a 6t6 
~mdi~e directement sur un module de membrane de l'Erythroeyte humain. Nos rEsultats 
montrent que les harbituriques n'exercent probablemcnt pas leur effet protecteur par 
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6puration de l'oxygi~ne univalent et des radicaux hydroxyl et superoxyde. Le thiopentone 
qui est une substance fortement lipophile a la propri6t6 de diminuer la susceptibilit6 de la 
membrane ~t la d6gradation oxydative par action membranaire directe, conune les 
stabilisateurs amphipatiques tels le propranolol. Les barbituriques stabilisent la fraction 
h~me de l'h~moglobine en emp6chant sa conversion en meth~moglobine en pr6sence de 
p~roxyde d'hydrog~ne. I1 est postul6 qu'un facteur important de l'activit~ barbiturique dans 
la diminution de la I~sion iseh6mique eonsiste ~ stabiliser les complexes ferreux contr61~s 
par la production d'h~:me, emp&:hant ces substances toujours pr~sentes d'initier et de 
potentialiser les processus m6di6s par l'intervention des radicaux libres qu'on croit 
responsables de la production de la 16sion. 
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