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SYNOPSIS

The aim of this study is to find out the possible trigger role of lipid
peroxidation in vasospasm. Haemoglobin-free washed erythrocyte membranes
(erythrocyte ghost) corresponding to 2.5 mg membrane protein was mixed with
0.5 umol NADPH 3 umol ADP, 4 umol ferrous sulphate and injected into the
cisterna magna of cats to stimulate lipid peroxidation in vivo (Group 1).
The second group was injected Iml/kg whole blood and the control group 1
ml/kg saline. angiographic studies revealed significant vasospasm in five
cats in group l. Severe vasospasm was seen in six cats in group 2. A signifi-
cant increase in lipid peroxidation was observedin groups 1 and 2, compared
to the control group. These results may suggest that free radical products
may play an important role in the complex genesis of vasospasm in subarachnoid
haemorrhage.

INTRODUCTION

The mechanism of cerebrovascular spasm secondary to subarachnoid haemxr.

hage is still a controversial topic in neurosurgery. Asano et al.1,10,17,20)
suggested that cerebral vasospasm might to caused by free radical reactions

and subsequent lipid peroxidation initiated by clot lysis. When bleeding
occurs in the subarachnoid space, after haemolysis, oxyhaemoglobin is libe-
rated. It's conversion to methaemoglobin releases superoxide anions and
subsequently some free radical chain reactions start 2,12,22,23) | Free radicals
are important deleterious factors of ischaemia, trauma, and inflammation
2,3,23). Sasaki et al. 18) demonstrated that intratechal injection of ls-
hydroperoxyeicosatetraenoic acid caused prolonged vasospasm in dogs.

Measurement of thiobarbituric acid reactants have been the best index
of lipid peroxidation. It was found that these reactants had increased in
the cerebrospinal fluid of patients with vasospasm 1,17,19)
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Iron is a stimulator of lipid peroxidation and this stimulation is
more effective in the presence of an electron donor, such as dihydronicoti-
namide adenine dinucleotide phosphate (NADPH 16),

In this study; degradation products of erythrocytes such as NADPH,
adenosine diphosphate (ADP), iron (Fe** , ferrous state) and washed erythrocyte
membranes were given into the cerebrospinal fluid in order to initiate in
vivo lipid peroxidation. Since neither other erythrocyte degradation products
nor other blood contents were present, their effects on the aetiology of
vasospasm could be eliminated.

MATERIALS AND METHODS

Cats ranging in weight from 3-4 kg were anaesthetised with 35 mg/kg
sodium pentobarbital administered intraperitoneally. An 18 gauge catheter
was advanced in the right brachial artery and a baseline digital substraction
angiography was performed using 20 ml of radioopaque dye (Omnipaque 3soml/lt).
After the angiographic procedure, the cisterna magna was punctured by a
16 gauge needle. Erythrocyte ghosts were prepared from fresh arterial blood.
Prior to injection, 1 ml. of erythrocte ghosts; corresponding to 2.5 mg
membrane proteins was mixed with o.5 umol NADPH, 3 umol ADP and 4 umol ferrous
sulphate. The mixture was injected over a period of 2 minutes into the cisterna
magna of seven casts as the first group. The other seven cats, in group
2, received Iml/kg autologous blood obtained from the artery. The last seven
cats served as a control group that received only 1 ml/kg saline solution
to the cisterna magna. The cats were turned to head down position for 20
minutes to maintain the distribution of the blood within the basal cisterns
and around the basilar artery.

A second angiography was performed 2 days later to demonstrate the
presence and severity of cerebral vasospasm. Thereafter the cats were deply
anaesthetised and transcardial infusion was performed to was out the blood
from the cerebral circulation. Craniectomy was performed brain and the basiler
artery was dissected out.

The amount of lipid peroxides on each brain homogenate were measured
by means of thiobarbituric acid reactive substances using the method described

by Uchiyama and Mihara 24),

Light microscope examinations of the basilar arteries were performed
to demonstrate the pathophysiological changes of the arterial wall using
hemotoxylin-eosin and elastin stains.

RESULTS

Second angiographic studies revealed significant vasospasm in five
cats and moderate vasospasm in two cats in group 1 (Fig.l). Severe vasospasm
was seen in six cats and no vasospasm in 1 in group 2. There was no vasospasm
in the control group.

Clinical observation revealed drowsiness, hypoactivity and loss of
appetite after 48 hours of injection in the cats with vasospasm (in groups
1 and 2).

The levels of lipid peroxidase in the cortex are as follows Group 1l:
560469 nmol thiobarbituric acid reactive substance (TBAR)/gr wet tissue,
Group 2: 470:+57 TBAR/gr wet tissue, Control Group: 275+48 TBAR/gr et tissue.
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The levels of lipid peroxidase in the cerebellum are, 365+72, 360+55, 340+63
TBAR/gr wet tissue respectively (Fig: 2). A statistically significant increase
in the levels of lipid peroxidase was found in the cerebrum of blood or
erythrocyte ghosts-injected animals (p 0.05). The level of lipid peroxidation
was higher in erythrocyte ghosts-injected animals than blood-injected ones.

Light microscope studies revealed significant narrowing of the diameter
of spactic basilar arteries with folding and corrugation of the lamina elas-
tica. There were no significant structural changes in the muscular layer
but accumulation of inflammatory cells was observed around the outer adventitia
in five cats of group 1 and a few inflammatory cells were seen two others
(Fig 3 and 4). But more profound inflammatory cell accumulation was seen
in all animals in group 2.

SR

Fig. 1: Pre-injection (a) and post-injection (b) angiography of a cat
in group 1. Arrow indicates basilar artery. Spasm of basilar artery is seen
after injection of erythrocyte ghosts corresponding to 2.5 mg membrane proteins
was mixed with 0.5 umol NADPH, jumol ADP and 4umol ferrous sulphate.
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Fig. 2: The level of lipid peroxidation in the cortex and cerebellum
in group 1, group 2 and the control group. TBAR: Thiobarbituric acid reactive
substance. Each group has 7 cats.

Fig. 3: (a) Light microscope appearance of a basilar artery of a cat
in group 1.
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Fig. 3: (b) in the control group. (230X hemotoxylin-eosin staining).

Narrowing of the diameter of spastic basilar artery with corrugation of
lamina elastica. Accumulation of inflammatory cells was seen in group 1.

et
-

Fig. 4: Higher magnification of a basilar artery of a cat in group
1. Note corrugation of the lamina elastica (Arrows). (460X Elastin staining).
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DISCUSSION

Cerebral vasospasm after subarachnoid haemorrhage is still a challenging
subject, the pathophysiology of which is still unclear. So far the only
agreement among different researchers is that blood is essential within
the basal cisterns for the development of vasospasm after subarachnoid haemorr-
hage 6). But there is no agreement upon the mechanism of vasospasm. Many
studies of the pathophysiology of vasospasm have already demonstrated that
many different factors may contribute to this pathology 557,8,9,11), One
of the attractive hypotheses is activation of the lipoxygenase pathway influ-
enced by free radicals. 1t is suggested that free radical reactions, especially
lipid peroxidation, are initiated by clot lysis inthe cerebrospinal fluid.
Each constituent of free radical reactions (such as lipid hydroperoxidase)
has a vasocontractilé capacityl) . Furthermore they have toxic effects on
the endothelium and media of the artery, and increase the permeability of
the endothelium which causes penetration of plasma constituents into the
arterial wal. As a result, the state of chronic vasospasm with histological
changes is observed in this vasospastic artery. Although the effects mentioned
above are well known and increased lipid peroxidation has been demonstrated
in subarachnoid haemorrhage, it is still speculative whether the increased
amount of free radical products and lipid peroxidation are trigger mechanisms
to start the complex vasospasm pathophysiology in subarachnoid haemorrhage
or results of cellular damage due to ischaemia secondary to vasospasm. In
animal experiments injection of blood into the cisterna magna is a standard
method for studying subarachnoid haemorrhage and subsequent cerebral vasospasm.
In this study, we introduced a new method to study the possible role of
lipid peroxidase in the genesis of vasospasm, which is based on the in vivo
stimulation of injected lipids. Since the injected compounds are released
products of degenerated erythrocytes, the chemical environment around the
cerebral arteries is similar to that of subarachnoid haemorrhage.

Iron plays an important role in the initiation and propagation of free
radical reactions, in which the hydroxyl radical, the most effective agent
of lipid peroxidation, is produced. Therefore, most polyunsaturated fatty
acids in the cerebrospinal fluid (either from injected ghosts or degenerated
erythrocytes) undergo peroxidation. Supporting this idea, we observed a
significant increase in the levels of lipid peroxidase of group 1 and 2.
The level of lipid peroxidation was higher in erythrocyte ghosts-injected
animals than blood-injected ones. This is not suprising, since erythrocyte
ghosts were injected together with a radical producing system: ADP, Fe++ and
NADPH.

The interesting point is that the levels of lipid peroxidase in the
cerebellum of all groups were approximately similar. Although this observation
needs wmore investigation for an explanation, one possibility is that the
tentorium of cats is bone and this different structure may interfere with
the free transportation of cerebrospinal fluid between the cerebellum and
the cerebrum.

Histopathological changes observed in cats of group 1 were similar
to those of group 2 except for the severity of accumulation of inflammatory
cells in the adventitia layer. Although electron microscopy and transmission
electron microscopy were not used for further study, the same observation
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on the vasospastic basilar artery of cats after subarachnoid haemorrhage
was mentioned with light microscopy by Seifert et al20), Several investigators
have hypouthesized that chronic cerebral vasospasm may be related to an aseptic
inflammatory response, initiated by inflammatory cels.4:7:13,15) . But in
group 1, although inflamatory cells were obsered in the adventitia layer,
the severity of accumulation was less than in group 2 especially in two
cats but no significant difference was seen at angiography. These results
suggested that inflammatory cells may not be the origin of vasospasm but
may contribute to the histopathological changes.

In conclusion, although subarachnoid haemorrhage is presently considered
as multifactorial, production of oxygen free radicals and subsequent lipid
peroxidation may play an important role in the genesis of vasospasm in subara-
chnoid haemorrhage.
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