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INTRODUCTION

THE JOINT POLISH-SOVIET SYMPOSIA ON BRAIN ISCHEMIA
AND EDEMA

The 3rd Joint Symposium on Brain Ischemia and Edema was held
in Warsaw on May 21—26, 1979. The members of this Symposium,
as of the previous ones, were participants of the investigations which
are jointly carried out by several laboratories of the Medical Research
Center, Polish Academy of Sciences (Warsaw) and I. Beritashvili In-
stitute of Physiology, Georgian Academy of Sciences (Tbilisi). The
researchers meet together at the symposia in three years intervals
to discuss jointly the results of their works carried out during the
previous years. The 1st and the 2nd Joint Symposia were held in
Thilisi in 1973 and 1976. The papers presented at the symposia were
published in ,,Neuropatologia Polska” (v. 12, No. 4, 1974 and v. 17,
No. 2 and 3, 1979).

The joint research of the two institutions in the field of brain is-
chemia and edema was started as far as in 1971. The research is
complex and multidisciplinary, i.e. the investigations are carried out
by specialists in various biomedical fields — neuropathology, physio-
logy and pathology of the cerebral circulation, neurochemistry, neu-
romorphology, histochemistry, neurophysiology etc. To overcome the
difficulties in such a cooperation the systems’ analysis of the problems
under investigation has been used from the middle of the 1970s (see
Neuropat. Pol. v. 17, No. 3, 391—396, 1979). It helped considerably
to make the research planning more efficient and, in particular, to
determine where the interests of individual laboratories converge and
where the coordination of the studies must be especially thorough.
Such approach was necessary in the research in which a great varie-
ty of methods is to be used for a better understanding of the funda-
mental processes of brain ischemia and edema development.

In the course of these investigations some mew experimental mo-
dels have been developed. First of them was the model of brain is-
chemia with controlled severity and duration (the so-called ,,Geor-
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gian model”). Ischemia in cerebral hemispheres is produced by the

reversible occlusion of both carotids and restriction of collateral blocd

supply from the site of vertebral arteries by a regulated decrease of

the systemic arterial pressure (Neuropat. Pol. v. 11, 249—262, 1963).,
This model was successfully used in many studies carried out in both ,
institutions and provided a perfect possibility to compare the results

obtained by different methods. Recently a new experimental model

of brain edema was developed in which the edema is produced by

repeated venous blood stagnation in the chest-head preparation of

rabbits. Under these conditions brain edema develops regularly and

in the course of its development it is possible to investigate the

changes in mechanical properties of the brain, the tendency for char-

ges in the cerebral blood volume, as well as the tendencies for wa-

ter retention in the brain tissue and its dehydratation.

The other model consists in both unilateral and bilateral carotid ar-
tery ligation in the Mongolian gerbils. The peculiar inborn malforma-
tion of the larger brain arteries in those animals offers the possibility
to compare both morphological and metabolic changes occurning in
ischemic and normal, control brain hemisphere. For comparative rea-
sons some of the studies were carried out in conditions of hypoxic
hypoxia.

The present issue of ,,Neuropatologia Polska” contains some of the
papers presented at the Third Joint Symposium of Brain Ischemia
and Edema by the participants of studies carried out in Warsaw and
Thilisi.

M. J. Mossakowski
G. 1. Mchedlishvili
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P. A. KOMETIANI

BIOCHEMICAL ASPECTS OF BRAIN ISCHEMIA
I. Beritashvili Institute of Physiology, Georgian Academy of Sciences, Thbilisi

Decrease or complete cessation of blood supply to any ongan leads
to severe disturbances in its metabolic processes and functional acti-
vity. Due to unique peculiarities of the structure and function of the
brain tissue, these disturbances proceed in a rather special way. Ner-
ve cells are highly sensitive to the deficit of the supply of oxygen
and energy resources. Insufficient blood supply to the brain results
in changes both in the structure of cellular elements (Brierley, 1973;
Zelman, 1974) and their functional activity (La Manna et al., 1977).

Disturbances of the energy metabolism are manifested in a sharp
decrease of oxidative phosphorylation, in the inhibition of macroergs
biosynthesis as well, as in the delay of those processes which depend
on the available energy resources (Lowry et al, 1964; Hossmann,
1970; Ljunggren et al., 1974).

There is a large body of evidence concerning the biochemical cor-
relates in the cerebral ischemia (Yanagihara, 1974; Cohen, 1975; Lust
et al, 1975, 1976; Broniszewska-Ardelt, Sikorska, 1976; Schwartz ¢t
al., 1976; Cooper et al., 1977). The results obtained lend support to
some conclusions on the biochemical changes in the brain which oc-
cur during ischemia, The present review deals with the critical ana-
lysis of the recent data with the idea to find the most appropriate
ways for subsequent investigations.

DISTURBANCE OF ENERGY SUPPLY

Decrease in content of macroergs (phosphates with the high energy
bond). Disturbances in the cerebral blood flow causing decrease in
oxygen and plastic material supply result in the failure of mecha-
nisms that provide the biosynthesis of macroergs in mitochondria.
It is well known that the limiting factor of utilization of carbohy-
drate chemical energy for synthesis of macroergs is NADH. During
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ischemia the ratio of NADH to NAD increases several times (Lowry
et al, 1964), because of switching-off the oxidation which is activa-
ted by the cytochrome oxidase (Smialek, 1976). While studying the
rate of NADH increase in the process of ischemia at different func-
tional states of brain it appeared that the rate is higher in the wa-
king brain than in the anesthetized one. During cerebral ischemia,
as well as during hypoxia of other origin, high energy of the phos-
phate compound exhausts rapidly (phosphocreatine, adenosine tri-
and diphosphate) (Lowry et al, 1964; Sundt, Michenfelder, 1972;
Kleihues et al., 1974; La Manna et al., 1977; Levy, Duffy, 1977).

Studies on the possibility of recovering energy metabolism distur-
bed by ischemia are of great interest. It was shown that during is-
chemia, produced by increase of the intracranial pressure, phosphe-
creatine resources in the rat brain are exhausted within a minute
and the content of ATP decreases by 50%, and 3—5 minutes later
only 1/3 of the control amount remains (Kleihues et al., 1974). ADP
concentration increases simultaneously and remains at twice the
control level. AMP level reaches maximum in 3 min ischemia. Ac-
cordingly the total content of adenine nucleotides undergoes no con-
siderable changes (La Manna et al., 1977). Decrease of macroergs be-
low the critical level results in the irreversible disturbances in the
brain (Siesjo et al., 1976).

After cessation of the action of ischemia-producing factor (i.e.
a sharp increase of intracranial pressure) the blood flow in the brawn
recovers (Hossmann, 1970; Levy, Duffy, 1977). In this case the re-
covery of the macroergs level is observed in 1,5 hours after the nor-
malization of blood flow. However, the control level is not reached
and remains at 80—90% of the initial value. No irreversible changes
are observed in mitochondria (Ljunggren et al, 1974) in this model.
Similar changes in the distribution of purine nucleotides during is-
chemia and subsequent recovery of their level were described in
another ischemic model in which the carotid arteries were occluded
or cut (Kleihues et al., 1974; Levy, Duffy, 1977, Mrsulja et al., 1977).

Disturbances in Krebs cycle. It is known, that energy consumed in
nerve cells in the prccess of their functional activity recovers mostly
due to the biosynthesis of macroergs via oxidative phosphorylation.
For a normal functioning of this mechanism it is required that the
cells were supplied with the energetic material such as carbohydra-
tes. The efficiency index of the energy metabolism is expressed by
the ratio of quantity of the synthesized energy-rich phosphorous
compounds to the oxygen consumed mainly in the Krebs cycle. As
a result of the decrease of oxygen supply during ischemia both the
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Krebs cycle and oxidative phosphorylation are disturbed. Such distur-
bances in the Krebs cycle metabolism may manifest themselves ia
the inhibition of the oxidative phosphorylation and intensification of
the less efficient glycolytic process.

Ischemia produces considerable changes in the distribution of inter-
mediate products of the Krebs cycle resulting in the decrease of NAD
concentration and the increase of NADH. This process is complica-
ted by the fact that some metabolites are involved in secondary rea-
ctions. In the experimental model of brain ischemia in which the
complete arrest of blood flow was caused by decapitation the follo-
wing changes were seen in the distribution of metabolites of the
Krebs cycle: 10 sec after decapitation the content of pyruvate ir-
creases by 48%, while citrate decreases by 19%, alpha-ketoglutarate
decreases by 62% as early as in the first seconds of ischemia; fuma-
rate and malate increase by 35% and 19% respectively (Goldberg et
al., 1966).

The causes of the above changes are not identical: decrease of the
utilization of pyruvate may be explained by reduction of oxidative
decarboxylation and by inhibition of the acetyl-CoA transfer. Decre-
ase in the concentration of alpha-ketoglutarate may be attributed
to the increase of NH; production and to the corresponding changes
in steady state constants of the reactions which are catalized by glu-
tamic acid dehydrogenase. The leading importance in the distribu-
tion of metabolites is due to changes in the activity of enzymes cont-
rolling their level. Such changes seem to be dependent on the dis-
turbances of induction of enzyme synthesis. This conclusion may be
drawn on the basis of the results of experiments in which the regu-
lation of glucose metabolism and glycolysis were studied in the pro-
cess of hypoxia (Brroniszewska-Ardelt, Sikorska, 1976).

As indicated above, cerebral ischemia is accompanied by a sharp
decrease in energy metabolism which manifests itself in the reduc-
tion of macroergs and carbohydrate contents in the brain. In this
case, carbohydrate consumption occurs on a rather low energy level
of glycolysis resulting in the accumulations of lactate. During the
first seconds of ischemia, accumulation of lactate and of pyruvate
proceeds in parallel, but later on, the quantity of lactate starts pre-
vailing. The pyruwvate concentration decreases and 10 min after the
onset of ischemia it drops sharply since the carbohydrate resources
deplete.

Rather complicated relationships exist between the enzymatic sys-
tems which take part in the brain carbohydrate metabolism; this is
reflected in the pattern of changes of the content of all metabolites.
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Unequal changes of phosphokinase, hexokinase and phosphohexo-iso-
merase, as well as aldolase activities, resulting in changes in the
distribution of metabolites in the initial stage of carbohydrate deczy
are rather difficult for interpretation (Lowry et al, 1964; Broniszew-
ska-Ardelt, Sikorska, 1976). For instance, the transfer of phosphory-
lase to the active form is enhanced during ischemia, but this process
does not proceed in parallel with the reduction of the glycogen con-
tent since the glucose reserves of glycogen are utilized primarily.
Within the first 4 sec of ischemia the content of fructose-diphosphate
doubles, but simultaneously the concentrations of glucose-6-phospha-
te and fructose-6-phosphate fall. Such changes in the relationship
of phosphate esters of hexoses may be explained by increased fruc-
tose-6-phosphate phosphorylation.

However, one can gain insight into the cause of all changes in the
enzyme activity during ischemia and changes in metabolite distri-
bution produced by them only when one succeed in understanding
the processes of transcniption and translation in the genetic appara-
tus of the brain structures.

Of great interest is the fact that the process of recovery of distur-
bances in the distribution of carbohydrate metabolites caused by
ischemia, in contrast to macroergs, proceeds rather slowly and in-
completely. It is supposed that the resynthesis of enzymes of the
carbohydrate metabolism is disturbed by ischemia more heavily than
of enzymes which are responsible for the resynthesis of macroergs.

CHANGES OF AMINO ACIDS AND BIOGENIC AMINES CONTENT
IN THE PROCESS OF ISCHEMIA

Disturbances in distribution of free amino acids. One of peculia-
rities of nerve tissue is an intensive metabolism of free amino acids.
Amino acids are utilized in protein synthesis and, besides, serve as
precursors for synthesis of warious neurotransmitters. In addition
a great amount of amino acids is utilized as energy material in the
nerve tissue (Kometiani, 1967).

Amino acids containing sulfur and those connected with Krebs
cycle are metabolized most intensively in the nerve tissue and their
distribution is most readily disturbed during ischemia. Recently this
problem has been studied in an experimental model of rabbit brain
ischemia (Mchedlishvili, 1973) where the deficit of blood supply to
the brain is due to the combination of two procedures — the occlu-
sion of both carotid arteries and the restriction of collateral blood
supply to the cerebral hemispheres with the help of controlled re-
duction of the systemic arterial pressure.
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Brain ischemia during which the intensity of brain blood flow de-
creases to about 3/4 of the initial value in 3 min, results in an increase
of glutamate content by 41% and GABA by 104.7%. There is a sta-
tistically significant increase in the content of other amino acids. The
content of glutamate increases in the initial stage of ischemia, and
is restored to the control value in the postischemic period (Melitauri,
Chikvaidze, 1976). The causes of the changes may be as follows: the
increase of GABA content must be due to the increase in the acti-
vity of glutamine decarboxylase, and the decrease of glutamine (in
the second stage of ischemia) — to the intensity of its breakdown
by glutaminase. The increase of alanine content is due to the increa-
se of transamination involving pyruvate.

Analysis of changes in the distribution of amino acids leads to an
interesting conclusion. In the initial stage of ischemia the relaticn
of total glutamate and aspartate to the total GABA, glycine and
taurine decreases and tends to increase after 15 min ischemia. The
importance of the fact is obvious if one takes into account that the
above mentioned amino acids belong to the group of neurotrans-
mitters; whereby glutamate and aspartate are excitatory and GABA,
glycine and taurine are inhibitory neurotransmitters. The detected
changes in the ratio’s of these amino acids indicate that in the brain
the process of inhibition prevails at the earlier stage of ischemia,
being afterwards replaced by the predominance of excitation (Meli-
tauri, Chikvaidze, 1976).

The changes in the distribution of amino acids may vary with the
model used. Yet, in all the cases ischemia is always accompanied by
a considerable increase of ammonia in the brain. Ammonia, of which
amino acids are the main precursor in the nerve tissue, is removed
by two mechanisms: one is connected with glutamine synthesis, and
the other with coenzyme action of inosylic acid (Kometiani et al.,
1965). ATP is necessary to trigger these two mechanisms. During
ischemia when the content of ATP decreases rapidly, these mecha-
nisms are less operative and therefore, ammonia starts to increase.

Biogenic amines. The changes in the distribution of biogenic ami-
nes during brain ischemia are due primanily to disturbed metabo-
lism of amino acids. Another cause of change in the distribution of
biogenic amines is the exhaustion of resources of macroergs, which
are the energy source for immobilization of biogenic amines in ve-
sicles and activation of hydroxylase enzymes determining the level
of catecholamines as well as indolamines (Davis, Carlssone, 1973).
1t appeared, that the disturbances in the distribution of biogenic
amines in the brain during ischemia do not recover for a long time
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after recirculation, though most of the parameters of the brain func-
tional activity already return to the normal value (Mrsulja et al.,
1977). This seems to be of great importance as a cause of changes
of the animals’ behavior in the post-ischemic period (Muller et al.,
1970). Unilateral ischemia was shown to cause the decrease of the
noradrenaline and serotonine content while the dopamine level prac-
tically did not change (Chikvaidze, Melitauri, 1974).

The data obtained in this laboratory indicate that during ischemia
the content of catecholamine in the brain decreases approximately
by 11—51%, but serotonine by 44.9%. Simultaneously, an increase in
the concentration of cyclic AMP is observed (Roitbak, Nikolaishvili,
1976; Melitauri, Chikvaidze, 1979). This is, in general, in accordance
with the data of other authors (Lust et al., 1975). If cne proceeds
from the assumption that the biogenic amines enhance the cyclic
AMP production (Sikorska, 1976), the decrease of the content of the
former will be correlated with the reduction of the latter. In fact,
it is not the decrease, but the increase of the content of cyclic AMP
that is observed.

To find out the cause of the increase of the cyclic AMP content
in the brain during ischemia, the activities of the two enzymes, in-
volved in its control — adenylcyclase and phosphodiesterase — were
determined. During ischemia the activity of adenylcyclase appeared
practically unchanged, while that of phosphodiesterase was reduced.
Hence, the cyclic AMP level will have increased as a result of redu-
ced catabolism (Schwartz et al., 1976). Following ischemia, one hcur
after the onset of blood recirculation, the content of catecholamines
as well as senotonine increases in the brain. Simultaneously both
adenylcyclase and phosphodiesterase appear markedly activated. The
fact that ischemia as well as hypoxia of another origin cause a de-
crease of monoamine oxidase activity is of great interest (Davis, Carl-
ssone, 1973). More complex investigations of all enzymes involved
are needed to reveal the cause of changes in the distribution of bio-
genic amines and cyclic AMP in the brain during ischemia. This
will make possible to determine the cause of the lack of correlation
between the changes in the content of biogenic amines and cyclic
AMP in the process of ischemia.

Changes in the content of biogenic amines are reflected in the
behavior of the animals, and it is not the content of one or another
amine that is as important as the change of their ratio. This ratio
changes with alterations in the modes of behavior and emotional
states. For example, it is known that the improvement of the condi-
tioned memory for sound, caused by introduction of small doses of
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mixture of glutamate and methionine, is followed by a decrease n
the ratio of moradrenaline to serotonine (Kometiani, 1974). In addi-
tion it may be said that the increase of noradrenaline to serotonine
ratio during ischemia is due to a significant decrease of the seroto-
nine, rather than noradrenaline content. This proves that the condi-
tion of the animal is impaired (Gromova, 1976).

According to the data obtained in this laboratory during 15 min
brain ischemia the content of all biogenic amines (noradrenaline, ad-
renaline, dopamine and serotonine) decreases in all the examined
brain areas in the rabbit (cortex, cerebellum, thalamus, midbrain and
hippocampus). In the post-ischemic periocd 60 min after the recovery
of blood circulation, the content of amines tends to increase in ail
the indicated brain areas, but not equally. It must be noted that in
the major brain areas except the hippocampus, an increase of the ra-
tio of noradrenaline to serotonine is observed in the process of ische-
mia. Fifteen min later after recovery of blood flow this ratio starts
to decrease. Still later, after recovery of blood, the noradrenaline to
serotonine ratio lags behind the control. Hence, the increase of the
noradrenaline to serotonine ratio during ischemia may indicate that
the functional activity of the brain is impaired and what is more,
this ratio does not normalize for a long time even after the reco-
very of blood circulation. The content of biogenic amines starts to in-
crease in the post-ischemic period, whereby serotonine increases mo-
re significantly and therefore the changes in the indicated ratio be-
come apparent (Chikvaidze, Melitauri, 1974).

In another experimental model of ischemia where the latter was
produced by wunilateral ligation of the carotid artery, the changes
in the ischemic hemisphere were compared with the contralateral
ones (Muller et al., 1970). These experiments revealed that the ade-
nylcyclase activity decreases in the process of ischemia and is reco-
vered 20 hours after blood recirculation. This process is accompanied
by the decreasing activity of protein kinase, stimulated by cyeclic
AMP. In this model of ischemia phosphodiesterase activity remains
practically unchanged. Considering the decrease of adenylcyclase ac-
tivity, the increase of the content of cyclic AMP in the process of
ischemia remains unexplained (Lust et al., 1975; 1976; Schwartz et
al., 1976).

INFLUENCE OF ISCHEMIA ON THE PROCESSES
OF TRANSCRIPTION AND TRANSLATION

It has been known for a long time, that the intensity of protein
resynthesis is inhibited significantly during ischemia (Kleihues, Hoss-
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mann, 1971) and hypoxia (Albrecht, 1974; Yanagihara, 1974). It was
established, that DNA dependent RNA-polymerase is inhibited in the
microsomal fraction of the brain during anaerobic incubation. The
decrease of the DNA template activity is reflected in decreased pro-
tein synthesis (Yanagihara, 1974).

In order to elucidate the mechanism of the decrease of protein and
RNA biosynthesis in brain tissue during ischemia, experiments with
three hour limitation of blood supply to the brain were carried out
with the help of unilateral ligation of the carotid artery. A consi-
derable decrease of the rate of protein and RNA synthesis in these
conditions occurred and could be attributed to the disturbances of
complex forming capability of polysomes i.e. the disturbance of nor-
mal course of the translation processes (Albrecht, 1974; Yanagihara,
1974).

A more detailed study of the causes of inhibition of protein bio-
synthesis enabled to conclude that ischemia as well as hypoxia in-
hibits initiation of protein synthesis interfering with the initiation
complex-forming capability of monosomes with tRNA and mRNA.
This conclusion was made on the basis of the observation that in the
process of ischemia the number of free monosomes, not complexed
with RNA, increases (Melitauri, 1980).

It appears that ischemia disturbs both transcription and transla-
tion. The inhibitory effect of ischemia consists in the delay of for-
mation of new RNA and in the degradation of the structures con-
cerned with the process of translation. This has been confirmed by
the experiments in which the brain activity was found to recover
after 15 min ischemia while there was still a considerable decline
of incorporation of precursors into proteins and RNA and this pro-
cess did not return to the control level even three hours after the
onset of blood recirculation. At the same time it was shown that
the inhibition of initiation of the tramslation process is not abolished
after blood flow recovery (Cooper et al., 1977).

PROSPECTS FOR FUTURE INVESTIGATIONS

We are entitled to assert that the main biochemical changes in the
brain during ischemia have been well studied so far. Now all those
biochemical alterations which form the basis of ischemic effects on
the brain as well as the disturbances arising after a decline or comp-
lete cessation of blood flow are well known.

Recent investigations have determined that the recovery of blood
circulation in the brain leads to normalization of its energetic meta-
bolism. However, the disturbances in the activity of the genetic ap-
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paratus and membrane process, are detected in the post ischemic
period even after an extended time. These disturbances are associa-
ted with damages of the subcellular structure (Domanska-Janik et al.,
1974).

Electron microscopic study of the ultrastructure of nerve cells leads
to a conclusion, that mitochondria are most sensitive to disturbances
of blood flow. This is expressed by their swelling and the decrease
of the number of cristae. As the ischemic period extends, more dis-
tinct changes become apparent in mitochondria of the pre- and post-
synaptic terminals. The synapses also undergo some changes. This
is evidenced by a decrease of the number of synaptic vesicles, an
increase of the thickness of dense material, associated with the pre-
and postsynaptic membranes (Lazriev et al., 1979).

From the above-said it follows that ischemia disturbs primarily
the structure of those formations, where ATP is either synthesized
and/or intensively utilized for the main processes going on in the ner-
ve cells. Exhaustion of ATP reserves leads to degradation of trans-
porting ATP-ases, and this, in turn will cause disturbances in the
distribution of electrolites, and also in the intra- and extracellular
fluid, etec. The occurrence of such disturbances in nerve cells has been
reported by numerous authors (Zimmermann, Hossmann, 1975; Roit-
bak, Nikolaishvili, 1976; Blank, Kirshner, 1977). Yet, it is not known,
how the changes in the activity of cation transporting ATP-ases can
be reflected in the changes, first, in electrolyte distribution and, se-
cond, in the distribution of fluid in the extra- and intracellular spa-
ces of brain tissue.

In brain edema which is one of the consequences of ischemia, an
important role must be played by the disturbance of the function of
cation pumps, which operate under control of a group of endogenic
modulators and activators (Kometiani et al., 1978). The foregoing ne-
cessitated to study in detail the question of disturbances of transpor-
ting process and the effect of neuro-regulators on them. Elucidation
of these questions may be of great importance for the prevention
of brain edema.

The disturbances of gene expression are of great significance in
pathogenesis of brain edema. At present we have only scanty data
on the ischemic changes taking place in the transfer of information
from DNA to the synthesis of informational RNA, dissociation of
polysomes to monosomes, etc. We are also unaware the synthesis of
which RNA is inhibited and how it is reflected in the induction of
enzymes and in the control of their activity.
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Thus, speaking of the perspectives of further investigation of brain
ischemia, main attention should be paid, in my opinion, to the study
of the causes, by which the ischemized brain tissue overgrows into
brain edema. These causes should be sought in the disturbances of
membrane processes as well as of the activity of genetic apparatus.

P. A. Kometiani
BIOCHEMICZNE ASPEKTY NIEDOKRWIENIA MOZGU

Streszczenie

Przedstawiana praca pogladowa jest podsumowaniem danych dotyczacych pro-
cesow biochemicznych zachodzacych w mozgu, a stanowigcych podstawe rozwoju
zmian niedokrwiennych. Giléwnym czynnikiem zaburzen metabolicznych w tkan-
kach mozgu jest pozbawienie ich Zrodel energii. Zaburzenie przemian energe-
tycznych prowadzi do przesunie¢ w dystrybucji metabolitGw, aminokwaséw
i amin biogennych, a takze do zmian aktywnos$ci enzyméw regulujacych ich
poziom w tkankach. Po przywroceniu krazenia krwi metabolizm energetyczny
szybko powraca do normy, natomiast uszkodzenia aparatu genetycznego oraz
zaburzenia aktywnego transportu przez blony utrzymuja sie jeszcze przed diuz-
szy czas i niewatpliwie stanowia glowng przyczyne zaburzen funkcji komorek
nerwowych oraz wytworzenia sie obrzeku moézgu. Biochemiczne podstawy zabu-
rzen niedokrwiennych mobzgu sa poznane stosunkowo dobrze, natomiast maio
wiadomo o mechanizmach, rozwijajacego sie w nastepstwie niedokrwienia, obrze-
ku. Dalsze badania w dziedzinie neurochemii powinny by¢ przede wszystkim
skierowane na wyjasnienie czynnikow zaburzajacych normalne funkcjonowanie
aparatu genetycznego i procesbw zachodzacych na blonach oraz na poszukiwa-
nie sposobOw zapobiegajacych ich uszkadzajgcemu oddziatywaniu na funkcje
OUN.

II. A. KomeTusinm

BUOXMMMUYECKUE ACIIEKTHBI UCXEMUU T'OJOBHOI'O MOS3ITA
Peszwome

B nacrosmem 00630pe IMOALITOXKEHBI MMEKIOLIMECH JaHHble O DMOXMMMUYECKUX IIPO-
eccax B TOJOBHOM MO3ry, JIeXKalllMX B OCHOBE €ro MCXeMUWYECKMX II0parKeHMM.
Bnonne oueBuaHO, 4TO BeAylMM (PaKTOpPOM B MeTaboiyuyecKMX HaApPYyLIEHUAX B TKAHU
MO3ra IIpM 9TOM SABJAETCHA MCTOILEHME SHEepreTMHecKux pecypcoB. Hapyuienue sHep-
reTM4ecKkoro obmena B CBOIO O4Yepeab NPUBOAMT K 3aKOHOMEPHBLIM CJABMraM B pac-
npeneyeHnum METaﬁOJIM"N)B, AMUHOKMUCJIOT M GMOI‘EH}{be aMMHOB, a TaK¥Xe aKTUB-
HOCTM (DepMeHTOB, PEryJaupyIOIIUX UMX ypoBeHb. Ilocjie PeUMPKyJIALUM KPOBU SHEP-
reTu4eckmit obmMeH BOCCTAHABJIMBAETCH CPaBHUTENbHO OBICTPO, OAHAKO HAPYLIEHUS
paboTBI reHeTHYEeCKOro ammnapara, a TaKiKe AaKTMBHOTO TpaHcnopra B MeM6panax
obHapyXMUBaIOTCH elle CIyCTs AJUTeIbHOe BpeMs. DT HApPyLUeHUA M0-BUAMMOMY,
CTAHOBATCA TJIABHOM NPUYMHOM Pa3JIMYHBIX PACCTPOMCTB (DYHKIMIA HEPBHBIX KJIETOK,
a TakiXe DPa3BUTMA OTEKa TIOJIOBHOTO MO3ra. Ecayu OmMoXuMuUecKye OCHOBBI MCXEMM-~
YeCKOro IopazkKeHUs IOJIOBHOTO MO3ra M3y4YeHbl OTHOCHMTEJIBHO XOPOLIO, MEeXaHU3MbI
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Pa3BUTUA MOCTUCXEMMYECKOTO OTeKa MO3ra CTalTCA BCe ellle HeJOCTaTOYHO M3y4YeH-
apiMy. JlanbHenlliMe YCUIMA HEMPOXMMMKOB JOJIKHBI ObITh HamnpaBJIeHbI Ipexje
BCEro Ha BbIACHeHMe (PAKTOPOB, HAPYLUAKIIMX HOPMaJbHYI0 paboTy reHeTMYeCKOIo
armaparta, MeMOpaHHBIX IIPDOLECCOB B HEPBHOM TKaHM M HaA 9TOM OCHOBE — Ha
[IOMCKYM CPEeJCTB yCTPAHEHMA MX OTPMUATEJIBHOTO JeMCTBMA Ha (MYHKIMIO LEHTPajb-
HOJM HEPBHOM CUCTEMBI.
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N. N. Melitauri

EFFECT OF ANOXIA ON BRAIN POLYSOMES

Department of Neurochemistry, I. Beritashvili Institute of Physiology,
Georgian Academy of Sciences, Thbilisi

The inhibition of protein synthesis in brain under the influence of
hypoxia, ischemia (Morimoto et al., 1978) and anoxia (Yanagihara,
1974; Metter, Yanagihara, 1979) is a well established fact. The decre-
ase of protein synthesis is usually accompanied by lowered polyribo-
some to di-monosome ratio (Albrecht, 1974; Yanagihara, 1976), su-
ggesting a block at the level of initiation of translation. The present
investigation aimed at acquiring more clear-cut evidence that protein
synthesis is inhibited exactly at this stage of translation.

MATERIAL AND METHODS

Albino rats weighing 150 to 250 g were used in the experiments.
After decapitation the brains were sliced in ice into 0.4 mm thick-
ness. 1.2 to 1.5 g slices were then incubated according to Yanagihara
(1974) in the following medium: Tris-HCl buffer (pH 7.4) 38 mM,
sodium phosphate buffer (pH 7.4) 2 mM, KCl 5 mM, NaCl 100 mM,
MgCl, 1.0 mM, CaCl, 1.8 mM and glucose 10 mM. Incubation was
carried out at 37°C under oxygen for the control and under nitrogen
for the anoxic experiments. After 30 min the incubation flasks were
cooled and the content was centrifuged for 5 min at 2000 rev/min.
The resulting pellet was homogenized in two volumes of 0.32 M
sucrose solution containing 10 mM Tris-HCl1 buffer pH 7.5, MgCl,
5 mM and KCI 0.2 M.

In order to get postmitochondrial fraction the homogenate was cent-
rifuged at 10000 g, 20 min. To the supernatant was added one volume
of the initial buffer and desoxycholate in the final concentration
of 0.5%. Three ml of the resulting solution (9 Aj units) was then
layered on the linear sucrose gradient (10—40%) in the initial buffer.
The ultracentrifugation was carried out at 115000 X g for 180 min
in the VAC-601 centrifuge (rotor 8 X 35). The ribosomal density pro-
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file at 260 nm was recorded using VSU-2 spectrophotometer witi.
a flow cell and a recorder; the gradients being pumped out with a pe-
ristaltic pump. For the identification of monosomal peaks and subunits
the fractions were treated with 0.1 mM EDTA and centrifuged
(115000 X g, 180 min) in a 5—35% linear sucrose gradient. Only “the-
fractions corresponding to monosomes dissociated into two subunits.
Large and small subunits gave only one peak in this procedure.

RESULTS

As shown in Fig. 1, 30 min anoxia causes an increase of the amount
of all the ,,nonpolysomal” fractions studied. Including di- and mono-
somes and ribosomal subunits, it seemed interesting to evaluate the
ratio of the individual subfractions, the more so, since some studies
indicate that postischemia evokes merely the increase of ribosoma!
subunits (Cooper et al., 1977). In the present case, the pattern of
subunits remained unaltered; hawever, marked relative increase cf
the amount of di-ribosomes was observed. During 15 min post ano-
xia no changes in the distribution of fractions as compared to the
anoxic period were observed, indicating that the inhibition of protein
synthesis persist throughout this stage.

To evaluate the degree of loading of monosomes with peptidyl-
-tRNA their ability to dissociate into subunits was measured. It is
known that a ribosome, capable of dissociation into subunits on in-
cubation in 0.5 M KClI is free of mRNA and peptidyl-tRNA and un-
loaded (Blobel, Sabatini, 1971). This indicates that such a ribosome
1s a ,run off” ribosome which does not participate in reinitiation.
In the experiment described in Fig. 2 one portion of monosomal frac-
tion isolated from the anoxic tissue was incubated in the standard
buffer and the other in the buffer with 0.5 M KCl added. As shown,
the 0.5 M KCI preparation dissociated into subunits while that from
the standard medium did not. Hence the monosomes present in the
anoxic brain are to a large extent depleted of peptidyl-tRNA and
do not participate in protein synthesis, most likely because of the
inhibition of the initiation of translation.

DISCUSSION

The question of the sensitivity of different steps of protein synthe-
sis in brain to anoxia or ischemia has been dealt with for several
years. Yanagihara (1974) in an attempt to distinguish between the
effects of anoxia on transcription and translation found that protein
synthesis in vitro in the microsomal fraction from anoxic brain tis-
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Fig. 1. Sedimentation profiles of brain ribosomes obtained at 30 min anoxia and
15 min post anoxia against respective controls. Identical amounts of Ago units
of postmitochondrial supernatants were applied to each gradient. For further
details see Material and Methods. M — monosomes, L. — large subunits, S —
small subunits.
Ryc. 1. Profile sedymentacji rybosoméw moézgu pobranego w 30 min niedotle-
nienia, w 15 min po niedotlenieniu oraz z moézgu kontrolnego. Na kazdy gradient
nakladano takie same ilo$ci supernatantu postmitochondrialnego (w jednostkach
Agg). Szczegbly podano w Materiale i Metodach. M — monosomy, L — duze
podjednostki, S — male podjednostki.

02 M KCl NSM KCt
M

_A260

Fig. 2. Effect of 0.5 M KCl on brain monosomes after 30 min anoxia. The mo-
nosomal fraction was recentrifuged in linear sucrose density gradients as descri-
.bed in Material and Methods. M — monosomes, L+S — large and small subunits.

Ryc. 2. Wpiyw 0,5 M KCl na monosomy mozgu po 30 min niedotlenienia. Frakcje

monosomoéw uzyskano po powtornym wirowaniu w cigglym gradiencie sacharozy

(szczegbly patrz rozdz. Material i Metody). M — monosomy, L + S — duze i male
podjednostki.

sue was greatly reduced, while the nuclear RNA polymerase activity
did not change considerably (Yanagihara, 1974). A number of au-
thors have confirmed the involvement of the polyribosome cycle by
showing a decrease of the number of polyribosomes in the course
of cerebral anoxia or ischemia (Albrecht, 1974; Yanagihara, 1976; Met-
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ter, Yanagihara, 1979). Accordingly, own investigations have demons-
trated the increase of monosomes and their subunits during anoxic
and postanoxic periods (Fig. 1). Some investigators have found nc
alterations in quantity of monosomes during ischemia, but a sharp
increase of the amount of large and small subunits in the postische-
mic period (Kleihues, Hossmann, 1971; Cooper et al., 1977). All these
investigations suggest that inhibition of protein synthesis during oxy-
gen starvation of brain tissue involves the initial steps of transla-
tion. The present finding that ,,anoxic” monosome is free of pepti-
dyl-tRNA supports the view that the inhibition of protein synthesis
takes place at the stage of initiation.

The mechanism of the inhibition, except the obvious implications
of the decreased level of energetic substrates, is still a matter of
controversy.

Some authors give preference to the negative effect of intracellu-
lar pH decrease (Morimoto et al., 1978; Yanagihara, 1978). The effect
of pH on the protein synthesizing ability of slices and homogenates
of normal brain tissue has been studied. Inhibition of polypeptide
chain synthesis produced by a decrease of pH to the value observed
in brain during anoxia was less than that caused by the anoxic pro-
cedure itself. Therefore, this intracellular factor is not necessarily
wate-limited in protein synthesis. The same seems to hold for the
decrease of RNA polyadenylation and its transport to cytoplasm (Al-
brecht, Yanagihara, 1979b). Considering the rather insignificant chan-
ges of the ribonuclease activity in the subcellular fractions of brain
tissue at the early stage of ischemia and anoxia (Albrecht, Yanagi-
hara, 1979a), even if mRNA transport to cytoplasm had ceased, pro-
tein synthesis would not have been inhibited so rapidly. Hence, though
all the mentioned factors negatively affect brain protein synthesis
during anoxia, they may not be limiting for this process.

N. N. Melitauri
WPLYW NIEDOTLENIENIA NA POLISOMY MOZGU
Streszczenie

Przy pomocy metody ultrawirowania frakcji postmitochondrialnej w ciaglym
gradiencie sacharozy wykazano, ze 30-minutowe niedotlenienie skrawko6w mobzgu
szczura wywoluje zwiekszenie liczby di- i monosoméw. W 15-minutowym okre-
sie po niedotlenieniu we frakcjach tych nie zachodza dalsze zmiany. Monosomy
otrzymane z mozgu po niedotlenieniu dysocjuja w 0,5 M KCI na podjednostki.
Autor wnioskuje, ze zahamowanie biosyntezy biatka po niedotlenieniu zachodzi
na etapie inicjacji translacji.
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H. H. Meauraypu
BIMAHUE AHOKCUU HA ITIOJUCOMBI TKAHU TOJOBHOI'O MOSITA
Pe3zwome

MeTonoM yibTpaueHTPU@YIPMPOBaHMUA TTOCTMUTOXOHAPHAIBHOM (PPaKUUM B JIMHEMN-

HOM TpajueHTe caxapo3bl Ob1JI0 BbIACHEHO, YTO 30 MMHYTHAd aHOKCHA CPE30B TOJOB-
HOT'O MO3ra KpbIC BBI3BIBAeT yBeJMYEHMe KOJMYEeCTBa JU-TPUCOM, MOHOCOM M eé
cybbenmuny. 15 MMHYTHas NIOCTAaHOKCUMA HEe BIMAJA HaA JAajbHeMllee WM3MeHeHUue
KoJyiMyecTBa 9TMX (ppakumy. MOHOCOMBI ITOJIy4YeHHbIe M3 TKaHM MO3ra NocJjie aHOKCHUM,
auccouuupytorea B 0,56 M KCl na cybwveamuunpl. Caenas BbIBOJ, 4YTO MHrMOMpoBaHue
6uocuuTe3a Oenka B TKaHM TOJIOBHOTO MO3ra IIOCJ€ aHOKCHUM JOJIFKHO IIPOUCXOJMUTH
Ha 9Trane MHMIMAUMM TPAHCIALMA.

10.

11,

REFERENCES

. Albrecht J.: Polymibosomes of the rabbit brain in circulatory hypoxia.

Neuropat. Pol. 1974, 12, 665—669.

Albrecht J., Yanagihara T.. Effect of anoxia and ischemia on ribonuclease
activity in brain. J. Neurochem. 1979a, 33, 1131—1133.

Albrecht J., Yanagihara T.: Effect of cerebral anoxia on the polyadenyla-
tion of nuclear RNA in vitro. III Symposium on cerebral hypoxia, Wamnsaw.
Abstracts, 1979b, 1.

Blobel G., Sabatini D.: Dissociation of mammalian polyribosomes into subu-
nits by puromycin. Proc. nat. acad. sci. USA, 1971, 68, 390—394.

Cooper H., Zalewska T., Kawakami S., Hossmann K., Kleihues P.: The
effect of ischemia and recirculation on protein synthesis in the rat brain.
J. Neurochem. 1977, 28, 929—934.

Kleihues P., Hossmann K.: Protein synthesis in the cat brain after prolon-
ged cerebral ischemia. Brain Res. 1971, 35, 409—418.

Metter E. Yanagihara T.: Protein synthesis in rat brain in hypoxia, anoxia
and hypoglycemia. Brain Res. 1979, 161, 481—492.

Morimoto K., Brengman J., Yanagihara T.: Further evaluation of polypep-
tide synthesis in cerebral anoxia, hypoxia and ischemia. J. Neurochem.
1978, 31, 1277—1282.

Yanagihara T.: Cerebral anoxia: effect on transcniption and translation. J.
Neurochem. 1974, 22, 113—117.

Yanagihara T.: Cerebral anoxia: effect on neuron-glia- fractions and polyso-
mal protein synthesis. J. Neurochem. 1976, 27, 539—543.

Yanagihara T.: Experimental stroke in gerbils: effect on translation and
transcription. Brain Res. 1978, 158, 435—444.

Author’s address: Department of Neurochemistry, I. Benitashvili Institute of

Physiology, Georgian Academy of Sciences, 14 Gothua Str., Tbilisi, USSR.

http://rcin.org.pl



IXTH INTERNATIONAL CONGRESS ON NEUROPATHOLOGY

The IXth Intermational Congress on Neuropathology will be held in Vienna,
Austnia from Sunday, September 5th to Friday, September 10th, 1982 at the
Hofburg Palace Congress Centre.

President of the Congress: Prof. Dr F. Seitelberger
Secretary General: Dr H. Lassmann

This meeting will be organized to present a comprehensive review of the
present knowledge and future trends in neuropathology including neuroanato-
mical, experimental and clinical aspects of the field.

The programme will be structured around four main topics covered with
Symposia with lectures by invited guests:

1) Trauma and Regeneration in the CNS

2) Cerebrovascular Transport Mechanisms

3) Genetic and Developmental Neuropathology

4) Inflammation and Demyelination

In addition sessions with free lectures, poster exhibitions and poster discussion
sessions, round table discussion and slide seminars will be organized, covering
the whole field of neuropathology.

For further information please contact: Dr H. Lassmann, c¢/o Wiener Medi-
zinische Akademie, Alser Strasse 4, A-1090 Vienna, Awustria. Tel.: (0222) 4271 65,
Cables: MEDACAD Wien.
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MIECZYSEAW SMIALEK, RYSZARD PLUTA, ANDRZEJ KAPUSCINSKI

EFFECT OF GAMMA-BUTYROLACTONE
ON CEREBRAL ISCHEMIA IN MONGOLIAN GERBILS

Department of Neuropathology, Medical Research Center, Polish Academy
of Sciences, Warszawa

Numerous studies aiming at the prevention and treatment of tran-
sient cerebral ischemia with endo- and exogenic depressants have
called attention to gamma-hydroxybutyrate (GHB) and its precursor
gamma-butyrolactone (GBL). These compounds have been adopted in
anesthetic practice (Laborit et al., 1961) and found to produce in ani-
mals a state close to natural sleep (Speciale, Friedman, 1975). These
endogenic depressants lead to a considerable decrease of bioelectric
activity in the brain and a dose-dependent diffuse reduction of cere-
bral glucose use throughout the brain, particularly in the grey mat-
ter (Wolfson et al., 1977).

The coefficient of survival increased significantly after treatment
with GHB and GBL in Mongolian gerbils suffering of cerebral ische-
mia (Klatzo et al.,, 1978). The mechanism of the beneficial effect of
these substances is so far unknown. It is possible that the influence
of these substances on the metabolism of the nervous tissue plays
scme role here. Administration of GHB and GBL depressed the tissue
lactate level and increased tissue glucose, glycogen and creatine phos-
phate contents of rats subjected to brain hypoxic hypoxia (MacMil-
lan, 1978) and in cerebral ischemia due to bilateral occlusion of the
common carotid arteries in Mongolian gerbils (Smialek et al., 1978).

The general state and that of circulatory and respiratory systems
exert an important influence on the condition and function of the
hypoxic-ischemic brain. Kapuscinski (1976) demonstrated a signifi-
cant influence of systemic arterial and venous pressure on the de-
velopment of cerebral edema following ischemia. Ito et al. (1975,
1976) as well as Mossakowski and Gadamski (1977) called attention
to the role of hemodynamic disturbances in the changes occurring
in the ischemic brain. Kapuscinski et al. (1980) suggested that the
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increase of cinculatory insufficiency in the course of acute cerebral
ischemia may be considered as an essential factor contributing to
the higher mortality of the animals. In the light of the presently
known facts, it is possible that the beneficial effect of GHB and GBL
may modify the systemic hemodynamic parameters and those of the
central nervous system.

In view of the above mentioned observations the aim of the pre-
sent paper was a comparative study of the effect of gamma-butyro-
lactone on the bioelectric activity .of the heart and brain, on the
systemic blood pressure and body temperature and on the survival
rate of Mongolian gerbils subjected to experimental cerebral ische-
mia. The direct effect of GBL on cerebral metabolism was included
in this study and oxygen uptake in the ascorbate-cytochrome c¢ oxy-
dation-reduction system was measured in isolated neurons from sec-
tors H, and H; of Ammon’s horn. Neurons of the H, zone have been
found to be the most sensitive cells to cerebral ischemia in the Mon-
golian gerbil (Klatzo et al., 1974). As demonstrated by earlier studies
the selective vulnerability to oxygen deficiency is due to the high
oxygen metabolism of these neurons in normal conditions.

MATERIAL AND METHODS

Male Mongolian gerbils (Meriones unguiculatus) in the number of
292, weighing about 60 g were used for the experiment. The animals
were divided into two groups. In the first one both common carotid
arteries were occluded with Heifetz clips under ether anesthesia for
15 min. The control animals were subjected to a sham operation.
In the experimental group the gerbils were injected intraperitoneally
with gamma-butyrolactone (300 mg/kg) 15 min before the transient
15-minutes bilateral occlusion of the common carotids. Ether ane-
sthesia was not applied to this group of animals. A sham operation
was performed on the control animals after administration of GBL.
For investigating the effect of the time at which GBL was admi-
nistered, the drug was injected directly after the release of the oc-
cluded carotids in 15 gerbils. The results from all the above mentio-
ned groups were compared with the condition of normal animals
receiving no treatment. Systemic arterial pressure (SAP), electrocar-
diograms (ECG), and electrocorticograms (ECoG) were recorded in
animals subjected to an additional operation on a stereotaxic table.
Two holes 1 mm in diameter were drilled symmetrically in the pa-
rietal regions of the skull and one in the frontal sinus, spaced about
1 ecm. Two silver needle recording electrodes adjusted to the dia-
meter of the holes were fixed on the dura of the parietal region of
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the brain and the reference electrode in the frontal sinus. One bipo-
lar lead and two unipolar ones were used for recording. Electrocorti-
cograms were recorded at constant time of 0.03 sec and at a velocity
of paper shift 15 mm/sec. Electrocardiograms were recorded with two
needle electrodes introduced into the right anterior and left posterior
paw (lead II). Systemic arterial pressure (SAP) was controlled in the
left femoral artery by a Statham P 23 pressure transformer and an
EK 4 Farum electromanometer. An eight-channel EEG recorder. (Acu-
trace 8 Beckman) recorded all the above enumerated parameters.
Body temperature was measured in the muzzle with a thermoelectro-
de (Electrolaboratoriet Ellab — A/S).

For biochemical studies the animals were decapitated directly be-
fore release of the wocclusion (zero time), 2 and 4 h after producing
ischemia, and so were the controls at a corresponding time. The ad-
ditional group of animals receiving gamma-butyrolactone (300 mg/kg)
was used in control studies 15 min after administration of the drug
or directly before occlusion of the arteries. Pyramidal cells from sec-
tors H, and H; of the hippocampus were isolated from the tissue
according to Hydén and Pigon (1960). A single neuron was sucked
into the diver and incubated in a medium containing Na,HPO, —
—KH,PO, buffer, pH 7.4, 37.5 mM cytochrome ¢ 8.6 X 1072 mM, so-
dium ascorbate 12.5 mM and AICl; 0.5 mM (Slater, 1949; Potter, 1957).
Oxygen uptake was determined at 38° * 0.002° C in a Cartesian mi-
crodiver apparatus according to Zeuthen (1953) and expressed as
O, X 107% ul/h/wm3 of cytoplasm. The mean volume of cytoplasm (147
um?) for the pyramidal cells from sector H, of Ammon’s horn and
402 pm3 from the H; zone were used in calculation of the results
(Smialek, 1977).

For statistical elaboration Student’s t test was applied.

RESULTS

Pathophysiological data: Mean arterial pressure of 72 *
* 8 mm Hg (n = number of animals = 14) was determined in the
control animals. A frequency of 424 * 28 (n = 29) beats per minute
of the heart muscle was noted in the same group of gerbils. Control
ECoG consisted mainly of a moderate frequency activity with ampti-
tude 50—100 wV alternating with bursts of low frequency and 140
wV amplitude waves (Fig. 1).

Occlusion of both common carotid arteries evoked a drastic incre-
ase of systemic arterial pressure to 116 £ 13 mm Hg (n = 11) in a few
seconds. Complete arrhythmia and features of heart ischemia were
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Fig. 1. Electrocorticogram (ECoG), electrocardiogram (EKG) and systemic blood
pressure (SAP) following 15-minute bilateral occlusion of the common carotid
arteries in Mongolian gerbils. A — normal, B — ischemia, C — period after

ischemia.
Ryc. 1. Zapis elektrokortykogramu (ECoG), elektrokardiogramu (EKG) oraz sred-
niego cisnienia tetniczego (SAP) u mongolskiego chomika w nastepstwie 15-mi-
nutowej niedroznosci tetnic szyjnych wspélnych. A — norma, B — niedokrwie-
nie, C — okres po niedokrwieniu.

observed in the electrocardiogram. Bradycardia was noted after 4—-8
min of ischemia. Systemic arterial pressure reached 93 + 19 mm Hg
(n = 8) and moderate bradycardia persisted after 15 min of cerebral
ischemia. The arrest of cerebral circulation produce a dramatic chan-
ge in the bioelectric activity of the brain. Voltage and frequency
gradually diminished in the ECoG record and reached the level of
the isoelectric line (n = 10) after 25.6 *+ 6.9 sec (Fig. 1B).
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Release of the occlusion of the common carotids caused a rapid
drop of the systemic arterial pressure to 54 = 17 mm Hg (n = 7)
and returned to its initial value after 30—60 min. Tachycardia was
noted in the first minute of cerebral ischemia and the frequency of
heart beats exceeded the control values for 1—2 h after release of
the occlusion. In the group of animals surviving for 24 h after 15-
-min cerebral ischemia the ECG record presented a normal pattern.

The bioelectric activity of the brain recovered slowly after cerebral
ischemia. At first single slow waves with high amplitude appeared,
separated by isoelectric sectors of variable duration. Higher frequency
waves and waves with slowly increasing low amplitudes were noted
at a later period. Very slow waves with amplitude above 150 uV
against an almost normal background in the ECoG record were ob-
served after 2 h. The bioelectric activity of the brain returned to
normal after 12 h (Fig. 1C).

A general excitation of the animals was noted immediately after
administration of GBL, although the locomotor activity declined af-
ter several seconds and slowed down almost to immobility. Bradypnoe
and a drop of SAP to 31 *+ 4 mm Hg (n=5) and a frequency cf
233 = 56 heart beats per min (n = 17) were observed after a few
minutes. These changes lasted for 30—60 min after GBL injection.
A decrease of the excitability threshold in the nodus sinoatrialis.
prolonged repolarisation of the heart muscle and disturbances in atrio-
ventricular transmission were observed. Respiratory activity and SAP
returned to normal 2 h after GBL administration. The ECoG record
showed an intensification of the changes manifested as more and
more numerous slow waves. Single very slow waves with 10—20 uV
amplitude were noted between minute 30 and 60. Then an increase
in the number of slow waves with a simultaneous rise of their amp-
litude was observed. A burst of waves with moderate frequency and
amplitude about 50 wV appeared, mixed with a high number of slow
waves with amplitude up to 110 wV, 2 h after injection of GBL. Nor-
mal bioelectrical activity of the brain was restored after 24 h (Fig. 2).

In the group of animals receiving GBL 15 min before cerebral 1s-
chemia SAP did not exceed control values directly after clamping of
the carotids. An immediate disappearance of bioelectric activity of
the brain was noted in this experimental group. The ECG showed,
beside more pronounced features of repolarisation latency of the heart
muscle, almost similar changes as those after administration of gam-
ma-butyrolactone to the controls. The ECG, ECoG and SAP returned
to normal after 24 h (Fig. 3).
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Fig. 2. Electrocorticogram (ECoG), electrocardiogram (EKG) and systemic blood

pressure (SAP) after intrapenitoneal injection of gamma-butyrolactone (GBL

— 300 mg/kg) in Mongolian gerbils. A — normal, B — 30 min after administra-
tion of GBL, C — the 2nd and 24th h after administration of GBL.

Ryc. 2. Zapis elektrokortykogramu (ECoG), elektrokardiogramu (EKG) oraz Sred-
niego cisnienia tetniczego (SAP) u chomika mongolskiego po podaniu dootrzew-
nowym laktonu kwasu gamma-hydroksymastowego (GBL — 300 mg/kg). A —
norma, B — 30 minuta po podaniu GBL, C — 2 i 24 godzina po podaniu GBL.
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Fig. 3. Electrocorticogram (ECoG), electrocardiogram (EKG) and systemic arterial

pressure (SAP) after 15-minute cerebral ischemia and injection of gamma-bu-

tyrolactone (GBL — 300 mg/kg) in Mongolian gerbils. A — normal, B — the
fifth second of the ischemic insult, C — the 24th h after the operation.

Ryc. 3. Zapis elektrokortykogramu (ECoG), elektrokardiogramu (EKG) oraz $red-

niego cisnienia tetniczego (SAP) u chomika mongolskiego w doswiadczalnym 15-

-minutowym niedoknwieniu moézgu i podaniu laktonu kwasu gamma-hydroksy-

mastowego (GBL — 300 mg/kg). A — norma, B — 5 sekunda niedokrwienia
mozgu, C — 24 godzina po zabiegu operacyjnym.
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The changes in body temperature after cerebral ischemia in Mon-
golian gerbils are presented in Fig. 4. All experimental groups con-
sisted of 10 animals. Body temperature of the control animals was
37.2° £ 0.3°C. In the group of animals with cerebral ischemia under
ether anesthesia a decrease of body temperature to 35° + 0.3°C was
noted after 15 min of occlusion. During the postischemic period body
temperature returned after about 30 min to normal. A moderate hy-
perthermia up to 38.0° £ 0.4°C appeared after 1 h. At later time
intervals body temperature returned to normal.

Ischemia.
<*--- Niedokrwienie
o—=o [Schemia+GBL
Niedokrwienie+ GBL

i : IR A e

Time(h) czas(godz)

Fig. 4. Body temperature in cerebral ischemia and after administration of gam-
ma-butyrolactone (GBL — 300 mg/kg) in Mongolian gerbils.

Ryc. 4. Cieplota ciala chomika mongolskiego w niedokrwieniu mézgu oraz po
podaniu laktonu kwasu gamma-hydroksymastowego (GBL — 300 mg/kg).

Injection of GBL (300 mg/kg) lowered body temperature to 36.0° *
+ 0.4°C after 15 min, at the end of the 15-minute cerebral ischemia
a temperature of 32.3° £ 0.4°C was noted. A body temperature of
32.0° £ 0.6°C was found 30 min after release of the clamps from the
common carotids. At a later period after ischemia the body tempera-
ture increased gradually reaching after 4 h the same value as in the
control animals.

The percentual changes of survival rate of Mongolian gerbils sub-
jected to cerebral ischemia under ether anesthesia and after admi-
nistration of GBL are presented in Fig. 5. Six per cent of the ani-
mals which did not survive to cerebral ischemia and 4 per cent cf
those which died in the first minute after release of the clamps were
not included for calculation of the survival rate. A 62 per cent sur-
vival was noted in the group with 15-min ischemia under ether anes-
thesia 24 h after the ischemic insult. A group of 52 per cent animals
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survived 4 days and 30 per cent of the population 5 days. Thirty days
after ischemia 28 per cent of the whole population were still alive.
A 98 per cent survival was noted after 24 h in the group of gerbils
pretreated with GBL before ischemia and 96 per cent 3 and 30 days
after the operation. Mortality was 100 per cent in the group of ani-
mals subjected to ischemia and treated with GBL directly after re-
iease of the clamps on the carotids (n = 15).

LA
100 ok L ol
Ischemia +GBL n=50
80 <o—o- Njedokrwienje+GBL
+— ISchemia
! Niedokrwienie
ok Number of animal<
6 Liczba zwierzat
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Fig. 5. Survival percent following cerebral ischemia and pretreatment with
gamma-butyrolactone (GBL — 300 mg/kg) in Mongolian gerbils.

Ryc. 5. Przezycie chomika mongolskiego w nastgpstwie niedokrwienia mozgu
oraz po podaniu laktonu kwasu gamma-hydroksymastowego (GBL — 300 mg/kg).

Respiratory activity of isolated neurons. The bio-
chemical data for oxygen uptake in the ascorbate-cytochrome c oxi-
dation-reduction system in isolated neurons from the hippocampus are
presented in Table 1 for sector H, and Table 2 for sector Hj; Normal
respiratory activity in a single neuron from sector H, of the hippo-
campus was found to be 4.52 = 0.25 X 107¢ pl O,/h/um?® of cytoplasm.

When the results of the control group are assumed as 100 per cent,
the oxygen used by the pyramidal cells from sector H, in ascorbate-
-cytochrome ¢ was 58 per cent (p <0.01) in the group with 1§-min
bilateral occlusion of the common carotid arteries. The neurons
from sector H; showed a statistically insignificant increase to 11! per
cent (p > 0.05). Oxygen uptake in this oxidation-reduction system re-
mained at the level of 65 per cent of the control value (p <<0.01) in
the isolated neurons from the H, zone; 134 per cent (p> 0.05) was
noted in the pyramidal cells from sector H; 2 h after the ischemic
incident. A marked increase of oxygen metabolism to 176 per cent
(p < 0.01) was observed in the neurons of sector Hj; however, those
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Table 1. Respiratory activity of isolated neurons from the Sommer sector H, of the hippocampus in the ascorbate-cytochrome c oxi-
dation-reduction system following 15 minute cerebral ischemia and after administration of gamma-butyrolactone (GBL) 300 mg/kg in Mon-
golian gerbils
Tabela 1. Aktywnosé¢ oddechowa izolowanych neuronéw sektora Sommera H, zawoju hipokampa chomika mongolskiego w obecnosei
askorbinianu i cytochromu ¢ (ul O, x 10~%/godz./um?® cytoplazmy) w nastepstwie niedokrwienia mézgu przez okres 15 minut oraz po podaniu
laktonu kwasu gamma-hydroksymaslowego (GBL) 300 mg/kg

~ 70" time — 15 minutes
of ischemia 2 hrs after ischemia 4 hrs after ischemia
Groups Czas ,,0” — po 15 min 2 godz. po niedokrwieniu 4 godz. po niedokrwieniu
Grupy niedokrwienia
T xL8EM /P .0 x +=SEM p o8 x+SEM P %
Control — ether anesthesia  3.344-0.31 (6)n 100 3.654-0.08 (6) 100 3.824-0,03 (6) 100

Kontrola — udpienie eterowe

Ischemia — ether anesthesia 1.954-0.17 (6) <0.01 58 2.384-0.26 (5) <0.01 65 3.1740.48 (7) > 0.05 83

Niedokrwienie — uspienie
_ eterowe ol s Lt e
Control GBL 300 mg/kg 1.624+0.11 (5) 100  4.09-+0.66 (5) 100 4.124-0.67 (5) 100

Kontrola GBL 300 mg/kg

Ischemia GBL 300 mg/kg 2.844+0.20 (6) <0,001 175 2.554-0.31 (6) <0.05 62 4.08+0.65 (5) =>0.05 99
Niedokrwienie GBL 300 mg/kg

Normal value — Norma 4.524-0.25 (8) 100

GBL 300 mg/kg directly
before ischemia 2.47—-0.36 (6) <0.001 55

GBL 300 mg/kg bezposrednio
przed niedokrwieniem

x+SEM — arithmetic mean + standard error of the mean
— érednia arytmetyczna -+ $redni blad éredniej
n — number of neurons
— liczba neuronéw

p — probability calculated by Student’s t test
— prawdopodobienistwo obliczane wg testu t Studenta
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Table 2. Respiratory activity of isolated neurons from the Sommer sector H; of hippocampus in ascorbate-cytochrome ¢ oxidation-reduction
sytem following 15 minute cerebral ischemia and after administration of gamma-butyrolactone (GBL) 300 mg/kg in Mongolian gerbils

Tabela 2. Aktywnoéé oddechowa izolowanych neuronéw sektora Sommera H, zawoju hipokampa chomika mongolskiego w obecnoéci askorbi-
nianu i cytochromu ¢ (ul O, x 10~¢/godz./um® cytoplazmy w nastepstwie niedokrwienia moézgu przez okres 15 minut oraz po podaniu laktonu
kwasu gamma-hydroksymaslowego (GBL) 300/ mg/kg

70" time — 15 minutes 2 hrs after ischemia 4 hrs after ischemia

of ischemia
Groups Czas 07 — po 15 min 2 godz. po niedokrwieniu 4 godz. po niedokrwieniu
Grupy niedokrwienia
RS A0, AN AR AN ..., 5= Ll x+SEM 0 Mo ) SROETIC o wt® TUCO AL B M
Control — ether anesthesia  1.434-0.04 (6)n 100 1.5840.10 (6) 100 1.6040.09 (5) 100
Kontrola — uspienie eterowe

Ischemia — ether anesthesia 1.59+40.32 (5) > 0.05 111 2.124-0.36 (5) >0.06 134 2.82+40.39 (6) <0.01 176
Niedokrwienie — u$pienie
eterowe

Control GBL 300 mg/kg 1.244-0.08 (5) 100 1.11+0.15 (6) 100 1.67+0.28 (5) 100
Kontrola GBL 300 mg/kg
Ischemia GBL 300 mg/kg
Niedokrwienie GBL 300 mg/kg 1.34+0.13 (6) >0.05 108 1.566-40.24 (7) >0.05 140 1.374-0.09 (6) >0.05 82

Normal value — Norma 1.43+0.16 (7) 100

GBL 300 mg/kg directly

before ischemia 1.2340.04 (6) >0.05 86
GBL 300 mg/kg bezpoSrenio

przed niedokrwieniem

x+SEM — arithmetic mean - standard error of the mean
— érednia arytmetyczna - $redni blad $redniej

n — number of neurons
— lieczba neuronéw

p — probability calculated by Student’s t test n;ggg//rcin_org_pl

— prawdopodobienstwo obliczane wg testu t S
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of sector H, metabolized oxygen in the ascorbate-cytochrome c sys-
tem in 85 per cent of the control value (p > 0.05) after 4 h. Sectors
H, and H; exhibited after administration of GBL only respiratory
activity of 2.47 + 0.36 X 1076 O, ul/h/um3 of cytoplasm (55%, p << 0.001)
and 1.23 * 0.04 X 107¢ O, wl/h/um3 of cytoplasm (86%, p >> 0.05), res-
pectively.

When the results concerning respiratory activity in the sham-ope-
rated animals anesthetized with GBL administration were considered
as 100 per cent, a statistically significant increase to 175 per cent
(p < 0.001) of oxygen uptake was noted in the neurons from H, at
zero time or directly before the release of the clamps. A marked
decrease of oxygen metabolism occurred in this group of neurons
2 h after ischemia (62%, p <<0.05), and it stabilized at the control
level after 4 h (99%, p > 0.05). The neurons isolated from sector I3
did not show any significant differences in this experimental group
and the results were found to approach the values of the control
group without cerebral ischemia.

DISCUSSION

On the basis of the present experimental work the protective role
of gamma-butyrolactone appears as a statistically significant increase
of the coefficient of survival in the group of animals subjected to
cerebral ischemia under gamma-butyrolactone action as compared
with the control group not receiving this drug.

The pathomechanism of the beneficial effect of GBL has so far
not been elucidated and probably is very complicated. Nevertheless,
it can be suggested that its effect on systemic blood pressure plays
an essential role, especially in the first phase of cerebral ischemia.
The arrest of cerebral blood circulation evoked at once a drastic in-
crease of systemic blood pressure by about 45 * 16 mm Hg, distur-
bances of the heart rhythm and symptoms of heart ischemia. It has
been postulated by Pluta et al. (1980) that changes in the myocardium
producing blood circulation insufficiency play an important role n
the very high montality of animals with cerebral ischemia. Intrape-
ritoneal injection of gamma-butyrolactone produced a decrease of sys-
temic arterial pressure by about 40 £ 13 mm Hg as compared with
the control. Administration of GBL 15 min before occlusion of the
common carotids reduced the hypertension effect observed in the ani-
mals without pretreatment with this drug. The systemic arterial pres-
sure remained at the nonmal level, neither was there any dysfunctiocn
or any abnormal bioelectric activity of the myocardium. The effect

Neuropatologia Polska — 3
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of GBL on systemic arterial pressure in the first period of cerebral
ischemia proved similar to that of the ganglioplegic drug Arfonad
which prevents an excessive increase of blood pressure. The effect
of GBL on arterial pressure has been confirmed in the additional
experimental group of animals subjected to this drug directly after
cerebral blood flow had been restored. At this moment the decrease
of blood pressure was enhanced markedly by the injection of GBL,
and probably contributed to the 100 per cent mortality of the ani-
mals. In the group of animals not treated with GBL mortality was
4 per cent in the same period of the experiment.

In earlier experimental work Klatzo et al. (1978) noted a correla-
tion between the rate of survival and the time of administration of
GBL in animals with cerebral ischemia. No changes in the coeffi-
cient of survival were observed in the group of animals with cere-
bral ischemia treated with GBL 1 h after release of the clamps, while
the beneficial effect was distinet in those injected with the drug
after 2 and 3 h of the postischemic period. As regards observations
to date, GBL seems to be most effective when administered befeore
the occlusion to make its hypotensive effect coincide after 30—60
min with the preliminary phase of cerebral ischemia. At that time
the hypertensive effect is reduced and blood pressure returns quickly
to normal. The regulatory effect of GBL on systemic blood pressure
may play an important role in cerebral circulation in the postische-
mic period and in the character and extent of morphological changes
in the brain (Mossakowski, Gadamski, 1977).

Moreover, the protective role of gamma-butyrolactone may be ai-
tributed to its hypothermic and metabolic effect. A decrease of body
temperature during cerebral ischemia, persisting for some hours in
the postischemic period was observed after administration of GBL,
15 min before clamping the carotids. A drop of body temperature
by 5.2°C was noted in this group as compared with the control. The
beneficial effect of hypothermia on the survival rate of Mongolian
gerbils has been demonstrated by Klatzo et al. (1978) and the authors
suggest an explanation of this phenomenon by the decrease of glu-
cose metabolism and lactate level and an increase of the creatine
phosphate pool in the brain. An almost similar metabolic effect was
noted in the animals after GBL administration (Smialek et al., 1978).
The effect of GBL on the whole organism of Mongolian gerbils may
be compared to the state of hibernation described by Speciale and
Friedman (1975) as a state close to natural sleep.
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Fig. 6. Changes (in %) in respira- %
tory activity in the presence of as- +200
corbate and cytochrome c in isola- [
ted neurons from the Sommer sec-
tor Hy, and Hg of the hippocampus
following cerebral ischemia and pre-
treatment with gamma-butyrolactone
(GBL — 300 mgkg) in Mongolian  +50
gerbils.

Ryc. 6. Procentowe roznice aktywnosci
oddechowej w obecnosci askorbinianu
i cytochromu c¢ izolowanych neuro-
now sektora Hs i Hg zawoju hipo-
kampa chomika mongolskiego w na-
stepstwie niedokrwienia oraz po po-
daniu laktonu kwasu gamma-hydro-
ksymastowego (GBL — 300 mg/kg).
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It seems that the observed changes in oxygen uptake by isolated
neurons in the ascorbate-cytochrome c oxidation-reduction system af-
ter GBL administration may be connected with a decrease of glucose
utilisation in the tricarboxylic acid cycle (Godin et al., 1968). It has
been postulated that the selective wvulnerability of the neurons from
sector H, of Ammon’s horn in ischemia may be dependent on their
~high oxygen metabolism under normal conditions (Smiatek, 1977). In-
jection of GBL caused a decrease of the physiological oxygen uptake
by the neurons per volume of cytoplasm to about 55 per cent of the
control value. Besides, normalization of the hypercompensative effect
of oxygen uptake by the neurons from sector Hj of the hippocampus
and a marked tendency to quicker recovery of the respiratory activity
of the neurons from sector H, were noted in the group of animals
with cerebral ischemia treated with GBL (Fig. 6). These data, and
especially the decreased oxygen metabolism in the neurons of Am-
mon’s horn very sensitive to ischemia, may indicate a protective effect
of GBL against the development of postischemic changes in the cent-
ral nervous system.
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M. Smiatek, R. Pluta, A. Kapuscinski

DZIALANIE LAKTONU KWASU GAMMA-HYDROKSYMASLOWEGO
W NIEDOKRWIENIU MOZGU U CHOMIKA MONGOLSKIEGO

Streszczenie

Przeprowadzono analize poréwnawczg wplywu laktonu kwasu gamma-hydro-
ksymastowego (GBL) na czynnos¢ bioelektryczng serca i moézgu, ukladowe cis-
nienie tetnicze, cieplote ciala, aktywnos¢ oddechows izolowanych neuronéw sek-
tora Hy i Hy rogu Amona (badana przy uzyciu mikronurka Kartezjusza) oraz na
przezycie zwierzat w 15-minutowym niedokrwieniu mozgu.

Po iniekcji GBL zaobserwowano stlumienie czynnosci bioelektrycznej mozgu
oraz obmnizenie cieptoty ciata i ciSnienia tetniczego krwi. Uzyskano znamienne
zwigkszenie przezycia zwierzat z 28%, w grupie z obustronnym niedokrwieniem
mozgu, do 96% po podaniu GBL (300 mg/kg, 15 min przed zaci$nieciem tetnic
szyjnych wspoélnych). Stwierdzono wplyw GBL na normalizacje cisnienia tetni-
czego narastajgcego podczas niedokrwienia mozgu. Obnizenie ci$nienia krwi spo-
wodowalo 100% S$miertelnosé w grupie zwierzat, ktérym podano GBL bezposred-
nio po zwolnieniu zacisk6w z tetnic szyjnych wspo6lnych, czyli w momencie ob-
serwowanego spadku cisnienia tetniczego.

Obnizenie zuzycia tlenu, w ukladzie zawierajacym askorbinian i cytochrom
¢ w neuronach sektora Hz rogu Amona po podaniu GBL, przyczynialo sie do
normalizacji nadmiernego zapotrzebowania na tlen, jakie obserwowano po nie-
dokrwieniu mozgu. Natomiast w neuronach sektora H,; odznaczajacych sie znacz-
nym obnizeniem metabolizmu tlenowego w nastepstwie ischemii moézgu, stwier-
dzono tendencje do szybszej odnowy przemian tlenowych w wyniku dzialama
GBL.

Uzyskane wyniki wskazuja, ze podanie GBL moze mie¢ znaczgcy wplyw na
przezycie zwierzat oraz rozw0j zmian poischemicznych w ukladzie nerwowym.

M. Cbmuanek, P. Ilawora, A. KanycbUMHBCKU

JAEVICTBUE JAKTOHA TAMMA-TUJIPOMACJIIHOM KUCJIOTHI
B MUICXEMUU MOSIrA ¥ MOHI'OJBCKOTO XOMAKA

Peswme

IIpoBoaMIy CcpaBHUTEJbHbI aHAJM3 BIMAHMA JAKTOHA TraMMa-TuApOMaciIaHOM
kucaorel (GBL) na O0MO9/MEKTPpUYECKYIO aAKTMBHOCTHL CEpPALA M MO3ra, CUCTEeMHOE
aprepMaJbHOe JaBlleHyue, TeMmepaTypy Teja, AbIXaTeJbHYI0 AKTMBHOCTb M30JIMUPO-
BaHHbIX HENPOHOB ceKTopa Hy m H; amMoumeBa pora ¥ Ha BbIZKMBAEMOCTb IKMUBOT-
HBIX MOcJe 15-MuH. MCXeMumu Mo3ra.

ITocne wmnbexkuum GBL Habmojganu cuHukeHnue OMO3JIEKTPUUECKOM aKTUBHOCTMU
MO3ra, TeMmIlepaTypbl Teja M apTepuMajbHOro jAaBjeHusA. IIOJy4eHO [JOCTOBEPHOE
yBeJaMdeHue BbIXKMBAEMOCTU KMBOTHBLIX ¢ 28% B rpynme ¢ obecTopoHHElM ucxemuen
mo3ra, a0 96% mocne monmaum GBL (300 mr/Kr 15 MMH. Iepej 3azKaTMeM COHHBIX
aprepmi). Obuapyzxeno Biaumsaaue GBL Ha HOpMaaM3auui0 apTepMaIbHOTO AaBJIEHUA
BO BpeMus ucxemuyu Mosra. CHMKeHMe JaBlIeHMs KpoBu BeI3Baso 100°% cmeprHOCTH
B Tpyllme XMBOTHBIX, KOTOPbIM BBOAMIM GBL HenocpejacTBEHHO IOCJ€ OTIYIEHUA
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3aXMMOB C OOLIMX COHHBIX apTepuii, TO €CTb B MOMEHT HabJyIoJaeMoro mnajgeHus
apTepualIbHOTO JaBJIEHUA.

Cuuzxenne norpebienus Kuciopoja B CHUCTEME COepIKallleil acKopbuHaT M ILIMTO-
XpOM ¢ B HeMpoHax ceKTopa H; ammonueBa pora nocie nogaum GBL crocoberso-
BaJO HOPMaJAM3auMy 4Ype3MepHOM MNOTpebHOCTM Ha KMUCIOpPOJA, Kakoe Habiropanoch
rnocje ucxemmuym Mmosra. B HempoHax ke cekropa Hp, OTIMYalOIIMXCA 3HAYUTEIbHBIM
CHMIKEHMeM KUCJIOpoAHOrO MeTabosm3ma B pesysbTaTe MCXEMMM MO3ra, obHapyKu-
BaJly TEHJEHIMI0O K ObICTPOMY BOCCTAaHOBJIEHMIO KMCIOPOAHOro Meraboim3mMa B pe-
3ynpraTe aencrBua GBL.

ITonyuyennble pe3ysbTaTbl yKa3blBaloT, 4To nozadya GBL Moxer uMMmeTb 3HAYU-
TeJbHOE BJIMAHME Ha BbIXKMBAEMOCTH IKMBOTHBIX ¥ pPa3BUTHE I[IOCTUCXEMUYECKUX
V3MEeHeHMII B HEPBHOM CUCTeEMe.
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CHANGES IN MECHANICAL PROPERTIES OF BRAIN TISSUE
AS FACTOR OF BRAIN EDEMA DEVELOPMENT

Laboratory of Physiology and Pathology of Cerebral Circulation,
I. Beritashvili Institute of Physiology, Georgian Academy of Sciences, Thilisi
Department of Neuropathology, Medical Research Center, Polish Academy
of Sciences, Warszawa

The following factors are known to determine water transfer
through the microvascular wall, and hence edema development: a)
the intravascular blood pressure, b) the blood osmotic pressure, c¢) the
interstitial fluid osmotic pressure and d) its hydrostatic pressure (Had-
dy et al, 1976). In turn, the major determinants of the interstitial
fluid hydrostatic pressure are: 1°, the amount of the fluid and, 2°,
the mechanical properties, namely the deformability (mechan:cal
compliance) and plastic behavior of tissue elements surrounding the
interstitial compartments. The rise of this pressure was detected upon
the influx of water in the extracellular compartments during deve-
lopment of traumatic brain edema (Reulen, 1976). As to the changes
in the mechanical properties of the brain tissue elements in the course
of brain edema development they have not been investigated so far.
However these changes should play an important role in abundant
influx of water from blood and in its accumulation in tissue spaces,
since both of these events are greatly dependent upon the enlarge-
ment of brain interstitial spaces, and this is primarily due to increase
in deformability and in mechanical plasticity of the surrounding ele-
ments. It has been shown that in the connective tissue these me-
chanical properties undergo considerable changes under conditions of
development of inflammation and edema (Voronin, 1947). Therefore
it might be assumed that similar changes may occur in the brain. Of
particular importance for the development of brain edema are the
cerebral tissue changes which could appear in the preedemic period,
i.e. before water accumulation in the tissue.
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The suggestion that the changes in mechanical properties of the
brain tissue play a nole in the development of edema was made about
two decades ago (Mchedlishvili, Akhobadze, 1961). However, no evi-
dence of the changes has accumulated so far. The present work illus-
trates some of the changes of the mechanical properties of the brain
tissue in the course of edema development.

MATERIALS AND METHODS

The experiments were carried out on 33 adult rabbits of either sex,
weighing about 3 kg, anesthetized with Nembutal or Hexenal in doses
sufficient for eliminating pain responses. Besides, local anesthesia with
novocaine or polocaine hydrcchloride (1%) was applied during sur-
gical procedures. In addition the animals were immobilized with my:-
relaxants for artificial lung ventilation during the experiments (the
ventilation air volume was adjusted as before paralysis).

Sagittal incision was made along the midline of the neck. Tracheo-
tomy was performed for artificial ventilation, and the right common
carotid artery and external jugular vein were exposed and ligated.
Then polyethylene catheters of the largest available diameter were
inserted into these vessels in the thcracic direction: into the antery
for recording the systemic arterial pressure and into the vein for re-
cording the systemic venous pressure with electromanometers (Ele-
ma-Schonander, Sweden, or Farum, Poland). A thick silk ligature was
placed around the contralateral common carotid artery permitting
to occlude it when necessary.

The circulation in the forelegs and in the hind part of the body
was cut off for carrying out experiments on the ,,chest-head” pre-
paration (Mchedlishvili, 1962). For that purpose both subclavian ar-
teries and veins were exposed and ligated immediately outside the
chest wall; then the abdominal aorta and caudal caval vein were ex-
posed just behind the diaphragm and polyethylene catheters of the
largest available diameter were inserted into both vessels towards the
heart to connect them with two separate pressurized reservoir sys-
tems filled with Gelatinine or Dextran-40 (Fig. 1).

A large craniotomy (approximately 20 mm in diameter) was made
over the parietal region of the cerebral hemispheres. The dura mater
was not opened until the beginning of the experiments and then was
removed from the brain surface over the area of the craniotomy hole.
Further, on the animals’ back, through an incision along the sagittal
line below the ecciput, the fourth ventricle of the brain was opened
to drain the cerebro-spinal fluid.
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m Pressurized reservoirs
3 =|Zbiorniki komper::acyjne
'\‘ ‘

Fig. 1. Schematic set-up of the ,chest-head” preparation of rabbit for contrci
of both systemic arterial (SAP) and systemic vencus pressures (SVP) by means
of an arterial (Art) and venous (Ven) pressurized reservoir systems.

Ryc. 1. Schemat preparatu ,klatka piersiowa-glowa” krolika stuzacego do kort-
rolowania ukladowego cis$nienia tetniczego (SAP) i zylnego (SVP) przy pomocy
cisnieniowych zbiornikéw kompensacyjnych (tetniczego — Art i zylnego — Ven).

To prevent blood clotting, heparin was injected intravenousiy
(1,500—2,000 units per 1 kg of body weight) at completing the sur-
gical procedure. Noradrenaline was gradually applied to the circuia-
tory system in a dose of approximately 1—2 ug for 5 min. during
the experiments. In a part of experiments the parameters under in-
vestigation were recorded on Mingograph 81 (Elema-Schénander,
Sweden) and in the other part on Watanabe Mark III Linear recor-
der (Japan). The results were evaluated statistically and presented

as mean (M) and standard deviation (SD).

The displacements of the brain surface level were continuosly re-
corded by a mechanical device consisting of a strain-gauge, one end
of which was fastened to a stereotaxic device and the other having
a bearing upon the brain surface in the parietal region. The bearing
had a form of a sphere about 5 mm in diameter. The strain-gauge
was connected to a Watson bridge, the signals from which were amp-
lified before recording. The whole set-up was calibrated before each
experiment so that it was possible to evaluate the height of the
brain surface expansion above the initial level. The brain expanding
through an almost circular craniotomy hole may be considered as
a spheric segment. Violume changes of such a segment are directly
proportional to changes in its height, the error being less than 10 per
cent (Mchedlishvili et al., 1979a). Accordingly, the recorded brain ie-
vel changes could be considered as reflecting the brain volume chan-
ges.

http://rcin.org.pl



546 G. I. Mchedlishvili et al. Nr 4

One series of experiments (21 rabbits) consisted in repeated tests
with artificial elevation of the systemic venous pressure by means
of the venous pressurized reservoir. The duration of every test was
7—10 min. They were repeated 2—10 times in the course of each
experiment on the average every 12 * 2.16 min. and finally resul-
ted in the development of brain edema.

In another series of experiments (12 rabbits) ischemia was brought
about in the hemispheres by two operations: occlusion of the second
common carotid artery (the first one was cut off blood flow during
the preliminary surgical procedure) and restriction of the collateral
blood supply to the hemispheres through the wvertebral arteries by
lowering the systemic arterial pressure by use of the pressurized
reservoir system to a level of ca 25 mm Hg (Mchedlishvili, 1973).
The duration of cerebral ischemia was 15—20 minutes and then the
cerebral blood flow was recovered. The tests with elevation of the
systemic venous pressure were repeatedly carried out in the course
of and after ischemia. At last edema developed in the brain.

The criteria for the occurrence of edema in the brain at the end
of the experiments were: a) increased brain level, i.e. volume, when
the systemic venous pressure was already decreased and b) a signifi-
cant increase in water content in the cerebral tissue (determined as
percentage of its wet weight) in comparison with the control values.

The mechanical properties of the brain tissue were investigated
in the following way: a load was temporarily applied to the brain
causing its deformation and the response of the brain was recorded
during both applying of the load and the following unloading. Thus,
the two following kinds of mechanical properties of the brain tissue
were revealed, namely, its deformability (i.e. the value of its strain
caused by specific load) and its plastic characteristics estimated as
area of hysteresis during its cyclic loading and unloading (the size
of the area showed the delay of recovery of initial configuration of
the brain tissue following its specific loading).

The deformability of the brain tissue was estimated as mean rise
(in mm) of the brain surface at increase of the systemic venous pres-
sure by 1 mm Hg. The areas of hysteresis were measured in the plots
of relationships of brain level changes against systemic venous pres-
sure (causing respective changes in cerebral intravascular pressure).

RESULTS

First series of experiments.* Repeated increases in the systemic,
and thus cerebral, venous pressure have regularly led to the develop-

* The experiments were carried out in Warszawa.
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ment of brain edema: the brain level rose by 4.1 £ 1.3 mm * and
the water content in the cerebral tissue amounted to 88.6 = 4.7 per
cent while in control animals it was 79.8 £ 1.7 per cent (P <<0.00i).
Though the rate of the edema development varied considerably, in
the course of all experiments it was possible to distinguish: 1) ,,nor-
mal” brains with no features of edema, 2) preedematous brains in
which specific features of edema were nct evident, but it appeared
in the subsequent test or tests, and 3) brains with pronounced featu-
res of edema.

During the tests the systemic venous pressure rose from 1.2 * 1.3
to 16.5 £ 7.5 mm Hg and subsequently decreased to almost the initial
level. The duration of the increase was 2.84 * 1.25 min. and that
of the subsequent decrease 4.95 £ 2.05 min. The systemic arterial
pressure was maintained at a constant level or became insignificantly
elevated during the increase of the systemic venous pressure.

Preedema
Okres przedobrzgkowy
03 - T
Control
Kontrola

S
N

Index of tissue deformability
o

Wska 2nik odksztatcenia tkanki

Edema
! ‘ ‘ Obrzek

Number of tests

Fig. 2. Index of deformability of brain tissue in the course of brain edema de-
velopment (caused by repeated venous blood stagnation). The striated columns
show mean values and standard deviations.

Ryc. 2. Indeks odksztalcen tkanek moézgu w rozwoju obrzeku wywolanego przez
powtarzane zatrzymanie odplywu krwi zylnej. Kolumny zakreskowane oznaczajq
wanto$ci $rednie i odchylenia standardowe.

Along with the increase of the systemic venous pressure there was
a rise in the brain level, manifesting different degrees of its defor-
mability. The index of brain tissue deformability (i.e. the average
pressure by mm Hg) was calculated for the individual tests (Fig. 2).
The following values of the index were obtained in different groups
of tests: normal brains 0.14 * 0.02, preedematous brains 0.25 = 0.04,
edematous brains 0.09 £ 0.02 the difference being in all the cases
statistically significant (P <<0.001). Consequently, when brain becomes

* Here and below: mean and standard deviations.
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preedematous, i.e. predisposed tc edema development, the deforma-
bility of its tissue increases considerably, but while even the first
symptoms of edema appear the deformability markedly decreases.
The changes in-the brain level, i.e. its volume, were plotted aga-
inst the increase and subsequent decrease of the systemic venous
pressure in individual tests. It appeared that in normal brains (with
no features of preedema or edema) there was no considerable hys-
teresis in the plots (Fig. 3A). However, the latter appeared and inc-

3ra

arz poziomu powierzchni moézgu(mm)

Erain /evel changes (mm)

Zmi

L S 8

L 1 e relgC s d .,
0 5 0 % 20 0 5 0 15 20
Systemic venous pressure (mmHg)
Uktadowe cisnienie Zylne(mmHg)

Fig. 3. Patterns of relationship of changes of systemic venous pressure and those

of brain surface level, the latter expressing brain volume changes, in the course

of experiment. Hysteresis gradually increases in preedematous state (A, B, C),
but decreases significantly when edema is already present (D).

Ryc. 3. Wykres zalezno$ci miedzy zmianami ukladowego cisnienia zylnego i zmia-

nami poziomu powierzchni moézgu, wyrazajacymi zmiany jego objetosci w prze-

biegu doswiadczenia. Histereza stopniowo wzrasta w okresie przedobrzekowym
(A, B, C) i znacznie zmniejsza si¢ po wytworzeniu sie obrzeku (D).

reased regularly in the brains becoming preedematous (Fig. 3B, 3C).
When edema was already evident the slope of the ascending curve
regularly decreased (by 55.3 * 16.8% in comparison with the initial
stages of the experiments) and hysteresis diminished by 59.1 + 23.9%
in comparison with the preedematous state (Fig. 3D). Changes in
hysteresis at the beginning of the experiments (,,normal” brains),
during preedematous state of the brains, as well as when edema was
in evidence in individual tests are presented in Fig. 4.
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Fig. 4. Patterns of changes of hysteresis in plots of brain level changes against

systemic venous pressure in the course of brain edema development (caused by
repeated venous blood stagnation).

Ryc. 4. Zmiany histerezy na wykresach obrazujgcych zmiany poziomu powierzchni
moézgu w zaleznos$ci od ukladowego ciS$nienia zylnego, w rozwoju obrzeku wywo-
lanego powtarzanym zatrzymaniem odplywu krwi zylnej.

Second series of experiments.* Following ischemia the brains were
considerably more apt to edema development than following repeated
increases in the venous pressure alone. The changes in the mechani-
cal properties of the brain, typical of the preedematous state, appea-
red already during ischemia. If the index of deformability of the
brain was 0.0695 * 0.026 before ischemia, it became 0.142 £ 0.03 du-
ring ischemia, and was 0.056 = 0.007 when edema was evident follo-
wing recovery of blood supply to the brain (Fig. 5). ** The area of
hysteresis was comparatively small in normal brain but during ede-
ma it increased to 0.458 * 0.386 and decreased again to 0.385 = 0.258
i.e. by 16% relative to preedemic state of the brain assumed as 100%
(Fig. 6).

DISCUSSION

The method used in the reported experiments seems to be adequate
for determining the mechanical properties of the brain tissue. The

* The experiments were carried out in Tbilisi.
** The quantitative differences in deformability seen in Figs. 2 and 5 are
dependent on different characteristics of the applied sensors.
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Fig. 5. Index of deformability of brain tissue in the course of brain edema
development (caused by cerebral ischemia). The striated columns show mean
values and standard deviations.

Ryc. 5. Indeks odksztalcen tkanek moézgu w rozwoju obrzeku wywolanego nie-
dokrwieniem. Kolumny zakreskowane oznaczaja warto$ci sSrednie i odchylenia
standardowe.
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Fig. 6. Patterns of changes of hysteresis in plots of brain level changes against
systemic venous pressure in the course of brain edema development (caused
by cerebral ischemia).

Ryc. 6. Zmiany histerezy na wykresach obrazujacych zmiany poziomu powierzchni
moézgu w rozwoju obrzeku wywolanego niedoknwieniem.

load applied to the brain to cause its deformation was the increase
in its intravascular pressure by a controlled rising of the systemic
venous pressure while the systemic arterial pressure was maintained
constant. The ,,chest-head” preparation (Mchedlishvili, 1962) with se-
parate venous and arterial pressurized reservoir systems provided
a possibility to change or to maintain arbitrarily the pressures irres-
pectively of the heart function.

The dependence of the changes in cerebral venous pressure (in the
sagittal sinus) upon those in the systemic venous pressure was found
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to be linear, the mean correlation coefficient varied from 9.900 to
9.993 and the regression coefficient varied from 0.66 to 1.72 in diffe-
rent experiments (Mchedlishvili et al., 1979a). This meant that du-
ring the increase of the systemic venous pressure by 1 mm Hg the
cerebral venous pressure rose by ca 0.87 mm Hg.

The brain volume changes in the present experiments could not
depend upon fluctuations of the volume of the cerebro-spinal fluid
in the ventricular system because of an effective drainage of the
fourth ventricle. Neither were they influenced by intrathoracic volu-
me changes since the lungs were artificially ventilated at a constant
rate and volume throughout the experiments. Thus the brain volume
changes reflected, first, the blood volume changes in the brain vas-
culature and, second, the changes in the brain tissue volume, which
might vary due to accumulation of water (during the development
of edema) or its decrease. The amount of water filtrated from blood
to brain tissue was estimated previously in the same experimental
conditions and was found to be ca 1.3 per cent of the whole brain
volume (Mchedlishvili et al., 1979a).

Two experimental models of brain edema were used in the pre-
sent studies, the first having been introduced recently (Mchedlishvili
et al, 1979a). Repeated venous stagnation within the brain produced
brain edema virtually in all the experiments, though at a different
rate varying from ten minutes to two hours. Edema development
was probably due to the following factors: a) a considerably long
exposure of the brain surface to atmospheric air in animals previo-
usly subjected to a complicated surgical procedure and existing &s
,,chest-head” preparation throughout the experiments, and b) a repea-
ted increase in the systemic venous pressure resulting in venous blood
stagnation in the brain entailing circulatory hypoxia, tissue acidosis,
as well as considerable rise in the brain intravascular pressure. The
second experimental model used in the present experiments was the
controllable brain ischemia (Mchedlishvili, 1973) which was found to
be quite suitable for studies of the postischemic brain edema deve-
lopment (Mchedlishvili et al., 1976, 1979b).

The present experiments revealed that the elastic and plastic me-
chanical properties of brain tissue, estimated from the rate of its
protrusion from the craniotomy hole and from the delay of reestab-
lishment of its initial shape became significantly changed: both the
deformability and the area of hysteresis increased in the preedeniic
state of the brain. This should certainly facilitate the transfer of wa-
ter from the blood microvessels to the interstitial spaces and to dis-
tend the latter. However, when the volume of fluid increases consi-
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derably in the interstitial compartments (at development of edema)
this should affect the interstitial pressure causing its increase (Reu-
len, 1976). This may in turn change the mechanical properties of the
brain, namely decrease considerably both the deformability and the
area of hysteresis, as shown in the present studies to occur during
edema. Besides, it cannot be excluded that the latter changes may
be also active in their nature, and if so they would cause restriction
of further transfer of water from blood and, thus, impede the deve-
lopment of brain edema. If this assumption is true such changes
should be considered as a compensatory response which force water
passage both back to the blood stream as well as to the cerebrospinal
fluid spaces. The possibility of an active withdrawal of water from
the brain tissue during edema development was suggested in our re-
cent studies (Mossakowski et al., 1980).

The other consequence of the changes in the mechanical properties
of brain tissue during the preedematous state is the dilatation of the
cerebral blood vessels, namely of capillaries and veins. It is well
known that their diameter is determined by two factors: the intra-
vascular pressure and the conversely directed vascular wall tension.
The anatomic structure of their walls, unlike that of arteries and
arterioles, is such that the latter factor is to a great extent deter-
mined by the mechanical properties of surrounding tissue. The in-
dex of tissue deformability of the brain obtained in the present ex-
periments showed its increase during the preedematous state of the
brain. Such changes seem to be responsible for the tendency shown
in our recent studies (Mossakowski et al., 1980) to accumulate exces-
sive amount of blood within the brain vessels during development
of edema.

Recent studies (Mchedlishvili et al., 1979a, 1979b) have focused on
the tissue changes which seem to be crucial in the pathophysiological
mechanism of development of brain edema. Besides the changes in
the mechanical properties of the brain tissue, also other abnorma-
lities may be responsible for the excessive hydratation of the brzain
tissue in the course of edema development, and among them the inc-
rease in osmolarity of the tissue due to breakdown of high moleculsr
weight compounds occurring while the tissue is damaged (Hossmann,
Takagi, 1976). In addition, disturbance in cellular membrane function
entailing disorders in ion and water transport through the membra-
nes during development of brain edema may occur (Bakay, Lee, 1965;
Reulen, Brendel, 1967; Mchedlishvili et al., 1979a), as a result of
which water easily passes from extracellular to intracellular compart-
ments and therefore the colloid osmotic pressure of the interstitial
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fluid should respectively increase. In turn, all the tissue changes
mentioned above seem to depend on metabolic abnormalities occur-
ring in the brain as a result of hypoxia, hypercapnia, acidosis, etc.

G. J. Mchedlishvili, M. J. Mossakowski, M. L. Itkis,
N. V. Sikharulidze, S. Januszewski

ZMIANY MECHANICZNYCH WEASCIWOSCI TKANEK MOZGU
JAKO CZYNNIK SPRZYJAJACY ROZWOJOWI OBRZEKU

Streszczenie

W doswiadczeniach przeprowadzonych na krolikach wywolywano obrzek moz-
gu przy pomocy powtarzanego zatrzymania odplywu krwi zylnej lub przez nie-
dokrwienie. Okreslano zdolno$é¢ tkanek moézgu do odksztatcenia i ich plastycz-
no$¢ w rozwoju obrzeku. Stwiendzono, ze zaréwno zdolnos¢é do odksztalcenia
(podatnos¢ mechaniczna), jak i plastyczno§é moézgu, znacznie wzrasta w okresie
przedobrzekowym, a zmniejsza sie (mawet ponizej wartosci wyjsSciowych) po
wytworzeniu sie obrzeku. Zmiany mechanicznych wlasciwosci mozgu autorzy
uwazaja za czynnik wplywajgcy na rozwdéj obrzeku.

T'. 1. Muemmusuay, M. MoccakoBckyu, M. JI. Urkuc, H. B. Cuxapyannse,
C. fluymeBcKu

UBMEHEHMS MEXAHUYECKUX CBOMCTB TKAHUM MO3TA KAK $AKTOP,
CIIOCOBCTBYIOILIMM PA3BUTUIO OTEKA

Peswome

B 9KcnepuMeHTax, NMPOBOAMBILIMXCH HAa KPOJMKaX, € ITOMOIIBI0 [MOBTOPAIOLIETOCH
BEHO3HOTO 3aCTOsA KLOBM MJIM MCXEMMUM B TOJIOBHOM MO3Ty IIOCTOSAHHO pa3BUBAJICH
oTek. B npouecce pa3suTus OTeKa MO3ra onpejaensanau aAedopMuUpyeMOCTb M TIJIacCTUY-
HOCTB €ro TKaHM. Bbuio mokazaHo, 4To aedhopMMUpyeMOCTh (MexaHuvyecKasa MNoaaTIM-
BOCTB) M IIJIACTMYHOCTH 3HAYMTEJIBHO BO3PACTalOT B NMPEAOTEYHbIA Nepuoj, HO yMeHb-
IAIOTCA II0CJe Pa3BUTUA OTeKa, OKa3bIBafACh HMUXKE KOHTPOJBHBIX (MCXOJHBIX)
BeJIMUMH. DTHM M3MEHEeHMA MeXaHMYeCKMX CBOMCTB paccMaTPUBAIOTCA KaK (PaKTOpbI,
BIAMAIONIME Ha Pa3BUTHe OTeKa TOJIOBHOTO MO3ra.
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FURTHER STUDIES OF ACTIVE SEGMENTS
OF PIAL MICROVESSELS CONTROLLING MICROCIRCULATION
OF THE CEREBRAL CORTEX

Laboratory of Physiology and Pathology of the Cerebral Circulation,
I. Beritashvili Institute of Physiology, Georgian Academy of Sciences,
Thilisi

In the 1970s there was a certain progress in the elucidation of the
control mechanisms of microcirculation of the cerebral cortex during
both normal and pathological conditions. An important finding was
the identification of active microvascular effectors controlling the
pial vasculature. These effectors were found to be the small pial
arteries (Mchedlishvili, 1972), as well as their specific active portions,
namely sphincters at offshoots, microanastomoses and the precorti-
cal arteries (Mchedlishvili et al., 1974—1975).

Previous studies (Mchedlishvili, Baramidze, 1974, 1979) showed that
under conditions of deficient blood supply to the cerebral cortex, e.g.
during ischemia and the following postischemic period, the microvas-
cular effectors contribute to redistribution and increase of blood flow
to the smallest areas of the cerebral cortex.

The present study was aimed at investigating those structural pe-
culiarities of the pial microvascular effectors which represent the ba-
sis of their functional behavior under conditions of ischemia and
postischemic state of the brain.

MATERIAL AND METHODS

The experiments were carried out with 76 adult rabbits of both
sexes, weighing 2—3 kg, anesthetized by intravenous administration
of either Urethan (ca 1 g per kg body weight) or Hexenalum (ca
30 mg per kg body weight). The animals were additionally treated
with myorelaxant Diplacine dichloride (1 mg per kg body weight)
and the lungs were artificially ventilated (the air volume was adjus-
ted to the animal ventilation at the time before paralysis).
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The preliminary surgical procedure. Sagittal incision was made
along the midline of the neck and after tracheotomy both ccmmon
carotid arteries and jugular vein were exposed. A polyethylene cat-
heter of largest available diameter was introduced in the thoracic
direction into one (usually the right) common carotid artery, all the
branches of which were previously ligated except the internal carotid.
The catheter was connected through a forked tube with either an
electromanometer or a mercury manometer and with a pressurized
reservoir system through a ccck permitting to switch arbitrarily one
or the other. Another polyethylene catheter was introduced into the
same artery in the cranial direction. A thick silk ligature was then
situated around the contralateral common carotid artery permitting
to occlude it when necessary. A third polyethylene catheter was
introduced into the jugular vein in the thoracic direction for intra-
venous administration of substances.

A large craniotomy hole was made over the parietal region of ce-
rebral hemispheres. The dura mater was not opened until the begin-
ning of the experiments, and then removed from the brain surface
over the area of craniotomy hole. The brain surface was covered
with a thin glass plate, the space under it being filled with mock
cerebro-spinal fluid. Besides, on the animals’ back through the inci-
sion along the sagittal line of the neck below the occiput the fourth
brain ventricle was opened for an efficient draining of cerebro-spinal
fluid and hence delivering the pulsation of the cerebral surface du-
ring photography of pial microvessels. To prevent blood clotting he-
parin (approx. 1,500 units per kg body weight) was introduced intra-
venously as the surgical procedure was over.

In vivo fixation of pial and cortical arterial walls for their anato-
mic studies (in 22 rabbits). The fixating fluid (see below) was in-
fused from a pressurized reservoir through a polyethylene catheter
into the internal carotid artery at a given moment of the experi-
ment (the contralateral artery was simultaneously occluded). The fi-
xating fluid (6% formaldehyde dissolved in isotonic saline mixed with
an equal volume of 96° ethanol) was infused under a constant pres-
sure (identical with the systemic arterial pressure at the momen*
of fixation) simultaneously with exsanguination from the thoracic end
of the same common carotid artery. The animal died immediately
after the beginning of infusion of the fixating fluid. After infusion
of 30—40 ml of the fluid the brain was taken out of the skull and
immersed for 24 hours in the same fluid and then for 72 hours in
6 per cent formaldehyde in saline without alcohol.
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For microscopic examination the pia mater was carefully removed
from the brain surface under a binocular microscope. In this way
the pia mater enclosing the whole system of pial arteries (and veins),
as well as segments of the radial arteries 100—400 wm long (extrac-
ted from the cerebral cortex) could be exposed. The total microsco-
pical preparations of the pia mater were then investigated under
the light microscope after hematoxyline-eosine staining.

The external and internal diameters of the cortical arterial rami-
fications were measured in thick transverse sections of the cerebral
cortex. The technique of manufacturing the sections and of estima-
ting the microvessel diameter has been described elsewhere (Mche-
dlishvili et al., 1967).

The functional behavior of pial arteries and their specific micro-
vascular effectors (in 54 rabbits) were studied in the parietal cortex
by serial photography. The pictures were taken at times marked
on recording paper together with the systemic arterial pressure. The
pial microvessels were photographed every 3—15 seconds at 80 >
magnification, the brain surface being illuminated with a lamp
supplied with two SZS-7 light blue filters for contrasting the blood
vessels and also with a SZS-14 heat filter. An automatic device per-
mitting to increase the illumination at the moments of photographing
was also used to avoid overheating of the brain surface during the
experiments. Following the development of the films the diameters
of the chosen microvessels were measured on every frame of the
film by projecting them to a screen with 500 X magnification. By
plotting the resulting date, curves were obtained yielding the whole
dynamics of the diameter changes of the pial arterial microvessels
under the given experimental conditions (see below). The results of
measurements were elaborated statistically and are presented as mean
values * standard errors.

The experimental procedure. Cerebral ischemia lasting 15 minutes,
as deseribed previously (Mchedlishvili, Baramidze, 1971; Mchedlishvi-
li, 1973), was produced by two procedures: cessation of blood supply
to cerebral hemispheres by occluding both the common carotid arte-
ries (one of them was occluded during the preliminary surgical pro-
cedure) and restriction of the collateral blood supply to the cerebral
hemispheres by lowering the systemic arterial pressure due to par-
tial exsanguination into a pressurized reservoir system. The reser-
voir was placed at such a level that the systemic arterial pressure
dropped to the critical value of ca 20—25 mm Hg during ischemia,
when the blood supply through the vertebral arteries to the medulia
was still sufficient to maintain the spontaneous respiration. The blocd
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flow in the cerebral cortex measured previously under these condi-
tions by the clearance technique showed a decrease to approxima-
tely 20% of the initial level (Mchedlishvili et al., 1976).

Postischemic (reactive) hyperemia occurred following recovery of
carotid blood supply to the brain and reestablishment of the initial
level of the systemic arterial pressure by raising the pressurized re-
servoir to the initial level and returning the blood into the circula-
tion.

RESULTS

The sphincters at off-shoots of pial arteries are located at the ini-
tial portions of smaller pial arteries off-shooting at approximately
right angles from larger blood vessels (never at arterial bifurcations).
The caliber of the sphincters varied mostly from 20 to 90 wm, occa-
sionally being larger. In the fixed blood vessels under control condi-
tions it was observed that the diameters of lumina of the active vas-
cular portions were by 25 + 2% smaller than those of the adjacent
arterial branches. The length of the thus constricted portions was
approximately 10—20 wm along the artery (Figs. 1A, 2A).

The amount of the smooth muscle cell layers in the media of the
sphincters did not exceed that in the adjacent portions of the arterial
branches. However, the longitudinal axis of muscle cells which are
mostly transverse to the vascular axis has become in here arran-
ged obliquely to the vascular axis (Fig. 1B).

Under conditions of deficient blood supply to the cerebral cortex
(ischemia) the majority of both the sphincters and the adjacent port-
ions of the arterial branches became dilated, but the lumina of the
former never grew larger than those of the latter (Figs. 1B, 2B).

Following the appearance of the postischemic (reactive) hyperemia
the majority of the sphincters at pial arterial offshoots were found
to beccme constricted in comparison with the off-shooting side bran-
ches (Figs. 1C, 2C).

The precortical arteries represent actually the terminal branches
of the pial arterial ramifications and transfer in their turn into the
radial arteries which enter the cerebral cortex after bending at a right
angle respect to the brain surface.

On total microscopical preparations produced following in vivo fi-
xation of pial arterial walls it could be observed that under the
control conditions the diameter of the precortical arteries was neariy
the same or greater than of the adjacent radial arteries (Fig. 3A).
The smooth muscle cells formed usually only one layer in the walls
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Fig. 1. Sphincters at the off-shoc's (SO) from a pial artery (PA) photographed in total preparations of rabbits’ pia ma-
ter fixed in vivo. A — control, B — ischemia, note dilatation of a sphincter, C — the end of postischemic hyperemia with
constriction of a sphincter. Fig. 1B showing the orientation of muscle cells in the vascular media. X 280.

Ryc. 1. Zwieracze w odgalezieniu (SO) tetnicy oponowej (PA). Zdjecia z preparatu calej opony miegkkiej krélika utrwalonej

in vivo. A — kontrola, B — niedokrwienie, widoczny rozkurcz zwieracza, C — skurcz zwieracza wystepujacy w koncowym

okresie poischemicznej hiperemii. Na ryc. 1B widoczne ulozenie komoérek mie$niowych w S$Srodkowej warstwie $ciany na-
czynia. Pow. 280 X.
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Fig. 2. Functional behavior of a sphincter at the off-shoot (SO) from a pial

artery (PA). PC — precortical artery, A — control, B — ischemia, note dila-

tation of a sphincter, C — the end of postischemic hyperemia with constriction
of a sphincter. In vivo photography. X 80.

Ryc. 2. Czynnosciowe zachowanie sie zwieracza w odgalezieniu (SO) tetnicy opo-

nowej (PA). PC — tetnica przedkorowa, A — kontrola, B — niedokrwien:ie,
widoczny rozkurcz zwieracza, C — skurcz zwieracza, wystepujacy w koncowym
okresie poischemicznej hiperemii. Zdjecia wykonano in vivo. Pow. 30 X.

Fig. 3. Precortical arteries (PC) in total pia mater preparations fixed in vivo.
PA — pial artery, A — control, B — arrangement of muscle cell nuclei in
precortical artery. X 280.
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of the precortical arteries and were not more abundant than in the
neighbouring pial arteries of the same caliber, as well in the radial
arteries. At the bendings of the precortical arteries the smooth muscle
cell nuclei became usually arranged at their outer side (Fig. 3B).

Under conditions when the cerebral cortex suffered from deficiency
of blood supply (ischemia) the precortical arteries dilated, as did the
adjoining pial arteries (Figs. 4A, 4B).

Fig. 4. Dilatation of precortical (PC) and of the adjacent pial arteries (PA)
photographed in vivo in -an experiment with rabbit under conditions of deti-
cient blood supply to the cerebral cortex. A — control, B — ischemia. X 80.

Ryc. 4. Rozkurcz tetnicy przedkorowej (PC) i przyleglych tetnic oponowych
(PA). Zdjecia wykonano in vivo u kroélika w warunkach niedokrwienia kory
moézgu. A — kontrola, B — niedokrwienie, Pow. 80 X.

The pial arterial microanastomoses were found to be located at
the site of smallest ramifications of pial arteries. Usually they con-
nected either two precortical arteries or one of them with a smal-
lest pial arterial branch, or, most rarely, two small pial arteries of
a caliber approximately under 100 wm. The diameter of lumina of
the anastomoses is wusually smaller than that of the microvessels
which they connect.

In total microscopical preparations both open and constricted mi-
croanastomoses could be observed (Figs. 5A, 5B). The constricted ones

Rye. 3. Tetnica przedkorowa (PC) w preparacie opony miekkiej utrwalonej
in vivo. PA — tetnica przedkorowa, A — kontrola, B — ulozenie jader komorek
miesniowych w tetnicy przedkorowej. Pow. 280 X.
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Fig. 5. Pial arterial anastomoses (MA) connecting small pial arteries (PA) and

precortical arteries (PC) photographed in total preparations of rabbits’ pia ma-

ter after in vivo fixation. A — opened anastomosis, B — constricted anasto-
mosis. X 400.

Ryc. 5. Anastomozy (MA) tetnicy oponowej, laczace matle tetnice oponowe (PA)
i tetnice przedkorowe (PC). Zdjecia z preparatu calej opony miekkiej krolika
utrwalenej in wivo. A — anastomoza otwarta, B —-zamknieta. Pow. 400 X.

could be identified by specific changes of the smooth muscle nuclei
which became thicker and shorter than in the open ones. The constric-
tion of the microanastomoses took place either at their whole lenght,
or in a part of them — in the middle portion or nearer one or ano-
ther end of the microanastomosis. Following development of ische-
mia there was a considerable increase in the amount of open and
dilated anastomoses in the pial microvascular system (Figs. 6A, 6B).

The cortical arteries are direct continuation of the precortical ar-
teries. Their first portions, called the radial arteries, usually shoot oif
at right angles from precortical vessels and are further ramifying
inside the depth of the cerebral cortex up to the smallest precapil-
lary arterioles. Direct evaluation of the external diameters of the
cortical arteries showed that they do not dilate and, on the opposite,
have a tendency to become constricted under conditions of postische-
mic hyperemia.
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Fig. 6. Functional behavior of a microanastomosis (MA) connecting two small

pial arteries (PA) photographed in vivo under control conditions in rabbit

A — opened anastomosis, B — closed. Adjacent pial arteries (PA) did not chan-
ge considerably their width. X 80.

Ryc. 6. Czynnosciowe zachowanie sie mikroanastomozy (MA) laczacej dwie mate

tetnice oponowe (PA). Zdjecie wykonano in vivo u krolika w warunkach kont-

rolnych. A — anastomoza otwarta, B — zamknieta. Przylegle tetnice oponowe
(PA) nie wykazuja znacznych zmian srednicy. Pow. 80

The external diameter of cortical arteries with the control caliber
of 21—35 wm decreased by 30% and the internal one — by 40%. Both
the external and internal diameters of the smallest arterioles (19—15
uwm in caliber) decreased by 10%. This took place under the condi-
tions when all the pial arteries were markedly dilated.

DISCUSSION

A variety of techniques were used in the present study on the ana-
tomy of the pial microvascular effectors regulating the blood supply
to the cerebral cortex. These techniques have certain advantages, as
well as limitations.

The method of study of pial microvessels following their in wvivo
fixation provides certain opportunities to investigate the structure of
the vascular walls under specific experimental conditions. But since
some changes of blood vessel walls might occur during fixation and
further histological treatment, the applicability of the method is to
be specifically considered. There is evidence of its adequacy: a) di-
rect microscopical observations of the blood vessels carried out by

http://rcin.org.pl



564 D. G. Baramidze, Z. T. Gordeladze Nr 4

the authors during perfusion of the fixating fluid (both on brain sur-
face and in mesentery of rabbits) showed that their diameter did not
change significantly (Mchedlishvili et al., 1974—1975); b) both cons-
triction and dilatation in certain portions along the same arteries were
observed following the fixation in the present study, e.g. constric-
tion of the sphincters at off-shoots of pial artenial branches, dila-
tation of the precortical arteries, etc.; c) similar changes of vascular
diameters of the microvascular effectors were observed both in the
fixed preparations and in vivo under the same experimental condi-
tions (ischemia, postischemic hyperemia).

The application of total microscopical preparations in the present
study made it possible to investigate simultaneously the pial arterial
system, including all the vascular ramifications and connections, on
a large surface of the parietal and adjacent cortical areas. Further,
the structure, as well as its changes under the experimental condi-
tions at the moment of fixation, could be studied in such prepara-
tions. Moreover, the portions of the radial arteries, 100—400 wm long,
and even with some branchings, were present in the microscopical
preparations, and hence it was possible to compare their reactions
with those of the adjacent pial microvessels.

Both in total microscopical preparations and in wvivo active seg-
ments were included in the subsystem of smaller pial arteries, 1.e.
the sphincters at their origin and precortical arteries at their ter-
mination. Numerous microanastomcses are also present in sites of
terminal branches of pial arteries. These anastomoses represent a ty-
pe different from those described earlier in the pial arterial system
(Klosowsky, 1951; Van der Eecken, 1959); the latter are much larger
in caliber and located in the boundary zones of blood supply of the
anterior, middle and posterior cerebral arteries.

The light microscopical investigation of walls of the active micro-
vascular effectors did not reveal any peculiarities of their smooth
muscle layers. There were some peculianities in orientation of the
smooth muscle cells in the sites of sphincters of off-shoots and of
precortical arteries. But the specific constriction and dilatation of the
microvessels do not seem to be related to these peculiarities, since,
first, the dilatation was usually spread outside these portions (espe-
cially in the sphincters) and, secondly, though the wvascular reactions
of the microanastomoses are pronounced, no specific orientation in
smooth muscle cells could be detected in the present studies.

From the functional point of view the microvascular effectors are
certainly indispensable constituents of the smaller pial arterial sub-
system. During regulation of blood supply to the cerebral cortex,
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especially under conditions when there is a deficiency of blood flow
in the latter, the reaction of the smaller pial arteries and of the
microvascular effectors is usually directed identically. However, there
are experimental conditions when a comparatively independent beha-
vior of the microvascular effectors and of the adjacent pial arteries
was observed and when they might show even oppositely directed
responses (see below).

The conclusion of the importance of the small pial microvessels,
as effectors of regulation of adequate blood supply to the cerebral
cortex, should be based on a comparison of their responses with
those of the cortical arteries. It seems to be evident at present that
the pial arterial ramifications undergo considerable dilatation under
conditions of ischemia and postischemic hyperemia while the cortical
arteries never show dilatation and, on the contrary, have a regular
tendency to be mnarrowed under these conditions. Thus it might be
concluded that the cortical arterial ramification play a minor role
in the regulation of cortical microcirculation when a deficiency of
blood supply is in evidence. However, this conclusion, based only on
investigations of the wvitally fixed blood vessels, cannot be considered
as definite up to the moment when direct vital observations are
available.

For the elucidation of the physiological mechanisms of regulation
of the cerebral microcirculation during ischemis, the problem of the
controlling effects upon the microvascular effectors is of an outmost
importance. Though this problem cannot be presently considered as
solved, there is some evidence that the reactions of the pial micro-
vascular effectors should be brought about rather by neurogenic than
by the metabolic feed-back. Their reactions may appear independent-
ly of those of the adjacent portions of pial arteries. It seems to be
improbable that different and even opposite responses of the adja-
cent muscle cells would be caused by the same metabolic factor rea-
ching the cerebral surface.

The neurogenic nature of reactions of the mpial microvascular ef-
fectors may be also concluded from the short latent period of their
responses, lasting only few seconds, under different conditions (Mos-
kalenko et al, 1969, 1974; Hossmann et al., 1977; Leniger-Follert
et al, 1977). Though the majority of the known metabolic factors
that are thought to be responsible for vascular reactions during func-
tional hyperemia, e.g. H*, K* adenosine, etc. (Kuschinsky, Wahl,
1978) may probably reach the brain surface from the depth of the
cerebral cortex, it is improbable that the time needed for this event
would be so short.
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D. G. Baramidze, Z. T. Gordeladze

DALSZE BADANIA AKTYWNYCH ODCINKOW MIKRONACZYN
OPONY MIEKKIEJ REGULUJACYCH MIKROKRAZENIE W MOZGU

Streszczenie

Praca posSwiecona jest badaniom czynnosciowym i anatomicznym efektorow
mikronaczyniowych sieci maczyn tetniczych opony. Doswiadczenia przeprowadzono
na krolikach w warunkach niedostatecznego ukrwienia kory moézgu. Wykazano,
ze funkcja mikronaczyn tetniczych opony i ich odcinkéw aktywnych (zwieraczy
oponowych odgalezien tetniczych, mikroanastomoz i tetnic przedkorowych) jest
zapewnienie odpowiedniego mikrokrazenia w matlych obszarach kory. Regulacje
te zapewniajg: 1) zmiany opornosci (w obszarze zwieraczy i tetnic przedkorowych)
na drodze do poszczegblnych tetnic radialnych wchodzacych do kory moézgu; 2)
dystrybucja knwi miegdzy najmniejszymi obszarami kory przez mikroanastomozy.
Autorzy wnioskujg, ze mikronaczyniowe efektory oponowe sa bardziej efektywnym
uktadem regulujacym mikrokrazenie w korze mozgu, niz wewnatrzmoézgowe
tetnice i tetniczki.

A. T'. Bapamuasze, 3. T. T'opaenaxnse

JAJBHENIIIUE MCCJHEIOBAHUA AKTUBHBIX CETMEHTOB IIMAJBHBIX
MUKPOCOCY OB, KOHTPOJUPYIOIMUX MUKPOIMUPKYJIAIIUIO
B I'OJIOBHOM MO3TIVY

Pe3moMme

Hacrosamasa pabora mnocBsamena @QyHKUMOHAAbHOMY IIOBEIEHMIO M aHATOMMM
MMKDPOBAcCKyJApPHBIX 3((EeKTOpoB B CuUCTeMe NMalbHOM apTepMasibHOM ceTH. DKcCre-
PUMMEHTBHI CTaBMJIM Ha KpPOJMKAxX B YCJIOBMAX jaeduumra KpoBOCHAOXKeHMUA KODbI
Mo3ra. Beulo mokazano, uTo (QyHKUMOHAJIBbHOE IOBeJeHMe INMAJIbHbIX apTepualibHbIX
MMKDPOCOCYZIOB M MX cHeuM@duYeCKMX aKTUBHbIX Y4YacTKOB, T.e. C(PUHKTEPOB OT-
BeTBJIEHWI, MMKPOAHACTOMO30B M IIPEKOPTMKAJbHBLIX apTepMii HamnpaBJIeHO Ha pery-
JAUMIO aJAeKBaTHOM MMKPOUMDKYJIAUMM B MeJKMX objacTtAx KOpbl. OTa peryaaums
JOCTUTraeTcs, BO-NE€PBbIX, U3BMEHEHUEM COTIpOTUBJIeHuA (B obiacTn chMHKTEpPOB U Npe-
KOPTUKAJIbHBIX apTepuii) Ha MyTH K OTAEJbHBLIM paJuajiHbIM apTepPUAM, BCTYIAIOLIMM
B KOpPy MO3Tra M, BO-BTODBIX, ITepepacnpeaejieiueM KPoBMU (MMKPOaHACTOMO3aMM) MeK-
ay Meapuanmumu obiactaMu Kopbl, CaesnaHo 3akJOYeHMe, HUTO NHaJbHbIE MMUKPO-
BaCKyJApHble 9¢xpeKTopsl MNpeacTaBadlT 6ojee 9(MEKTUBHYIO peryaupyolMiQ
CUCTEMY MMKDOUMPKYJIAUMM B KOPe MO3ra, YeM BHYTDMMO3TrOBBIE apTepuM M apTep-
MOJIBL.
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OCENA KSIAZKI

R. Hassler, F. Mundinger, T. Riechert: Stereotaxis in Parkinson Syndrome.
With an Atlas of the Basal Ganglia in Parkinsonism. Springer-Verlag. Ber-
lin, Heidelberg, New York 1979. Str. 315. Ryc. 163.

Jest to najnowsza a zarazem najobszerniejsza monografia, jaka wukazala sie
dotad na temat stereotaksji w zespole Parkinsona. Monografia o objetosci 315
stron, zawierajaca 163 ryciny, w tym 20 stanowigcych atlas jader pcdstawnych
moézgu z rycinami objasniajacymi, pochodzi z osrodka stereotaktycznego we Frei-
burgu nad Menem, zalozonego przez T. Riecherta, a obecnie kierowanego przez
F. Mundingera, w ktéorym czesScia doswiadczalng i patofizjologia oraz badaniami
z zakresu anatomii patologicznej i mikroskopii elektronowej kieruje R. Hassler.

Omawiana monografia przedstawia prawie 30-letnie doswiadczenie autoréw
oparte na 3700 operacjach jader podstawnych moézgu, a jej cele stanowig: a)
ustalenie korelacji anatomo-patologicznych (posmiertnych), odpowiadajgcych pesz-
czegblnym efektom draznienia lub wutraty czynnosci oraz wynikom klinicznym;
b) ustalenie czynnosci charakterystycznych dla poszczegblnych ukiadéw moézgo-
wych; ¢) ustalenie najlepszych wskazan operacyjnych i anatomicznych miejsc za-
biegu; d) wykazanie na przekrojach moézgowych struktur majgcych morfologiczno-
-czynnosciowy wudzial w zespolach parkinsonowskich. Monografia sklada sie z 6
czeSci. Po krotkim wstepie, w drugiej czeSci autorzy omawiaja podstawy zespolu
Parkinsona (ZP), a wiec morfologie, fizjologie, biochemie i patologie. W tej
czesci ma uwage =zastluguje dokladne przedstawienie ukladéw aferentnych i efe-
rentnych w strukturach ukladu pozapiramidowego, jak réowniez omoéwienie synaps
kregu strio-nigralnego i dch transmiteré6w oraz sposobéw dziatania $rodkéw anty-
cholinergicznych ma objawy parkinsonowskie. Roazdzial trzeci jest poswiecony
spostrzezeniom klinicznym i patofizjologicznym w odniesieniu do wynikéw auto-
psyjnych w przypadkach ZP operowanych stereotaktycznie. Najobszerniejszy,
czwarty rozdzial jest poswiecony omoéwieniu réznorodnych korelacji, jak np.:
korelacji radiologicznych i anatomicznych w wukladzie odniesien stereotaktycz-
nych dla znakowania punktow mozgowyich; korelacji elektrofizjologicznej i wy-
nikbw stymulacji mozgowej z substratami anatomicznymi; korelacji uszkcdzen
anatomicznych z korzysciami funkcjonalnymi i terapeutycznymi, a wiec majgce]j
na uwadze wplyw tych wuszkodzen na sztywnos$¢ pozapiramidowsa, akinezje Ilub
hipokinezje, drzenie, objawy wegetatywne, objawy psychiczne i chod. Ponadto
w tym rozdziale zostaly oméwione powiklania leczenia stereotaktycznego ZP oraz
objawy uzyskiwane przy Srodoperacyjnych badaniach stymulacyjnych, takich jak:
zwiotczenie miesni twarzy, zmniejszenie napiecia posturalnego konczyny goérnej,
niedowlady, afonia, dysartria, zbaczanie galek ocznych, hiperkinezy balistyczne,
dysfagia. Analizie poddano réwniez pooperacyjne zaburzenia psychologiczne w od-
niesieniu do struktur uszkodzonych jak np.: zaburzenia inicjatywy, negatywizm,
mutyzm i $§pigczke z czuwaniem, zesp6él zamagcenia oraz uszkodzenia Swiadomosci.

W rozdziale pigtym autorzy przedstawiaja spostrzezenia dotyczace anatomii
funkcjonalnej poszczegélnych systemo6w diencefalicznych, a w szczegdlnosci usz-
kodzen peczka gatkowo-wzgorzowego, torebki wewnetrznej w otoczeniu jader
bocznych wzgbrza, ukladu wlbékien éfelrenmych z substantia nigra oraz zabu-
rzenia Swiadomosci spowodowane przez obustronne wuszkodzenie niespecyficznych
jader wzgobrza oraz systemu galkowo-wzgorzowego.

W rozdziale széstym autorzy przedstawiaja wnioski dotyczace zespoiu Parkin-
sona, omawiaja potrzebe indywidualizowania wskazan operacyjnych i celowosci
stymulacji $roédoperacyjnej dla dokladniejszego ustalenia zakresu wuszkodzen ste-
reotaktycznych. W tej iczesci autorzy wypowiadajg sie takze na temat przysztosci
leczenia ZP. Na podstawie swoich doswiadczen i doniesien wielu autoréw z ostat-

C. d. na str. 582
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ENZYMATIC ACTIVITY OF PIAL ARTERIAL BLOOD VESSELS
OF THE RABBIT IN NORMAL AND ISCHEMIC CONDITIONS

Department of Neuropathology, Medical Research Centre, Polish Academy
of Sciences, Warszawa

Changes in the activity of oxido-reductases, hydrolases and glyco-
gen metabolizing enzymes in the central nervous system after hy-
poxia and ischemia are the subject of many investigations (Mossa-
kowski et al., 1968; Ibrahim et al., 1970; Mossakowski, Zelman, 1971;
Szumanska, 1973; Szumanska, Gadamski, 1974). A difference in cha-
racter, localization and intensity of histochemical abnormalities in the
tissue depending on the type, duration and degree of hypoxia was
shown. Less attention was paid to the histochemical changes in blood
vessel walls, except the activity of enzymes involved in the trans-
port through tissue-vascular junction (Szumanska et al.,, 1976; Osten-
da et al., 1978) and almost none to the pial vessels which are directly
responsible for the blood supply of the cerebral cortex.

Numerous physiological and pathophysiological studies proved that
some segments of pial vascular network display evident functional
differences (Mchedlishvili, 1972). It seems reasonable to expect me-
tabolic exponents of these functional distinctions to be histochemi-
cally demonstrable. Mchedlishvili and Baramidze (1974) showed that
during cerebral ischemia and in the postischemic period there deve-
lops a serious vascular disfunction expressed by the spasm or para-
lysis of some segments of the wascular tree. These disturbances can
play an important role in the pathomechanism of postischemic cere-
bral tissue damage (Mossakowski, 1978).

The functional changes of the pial vessels occurring in patholo-
gical conditions suggest the possibility of the metabolic abnormalities
in the cellular elements of their walls; those may be reflected by
the change of histochemical properties. This supposition is supported
by Baramidze and Zelman (1974) observations which showed the en-
hancement of adenosinetriphosphate activity in the constricted parts
of pial arteries during brain ischemia and the postischemic period.

Neuropatologia Polska — &
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Additional reason to undertake the study on the histochemical pro-
perties of pial arteries is the impairment of their vegetative inner-
vation in ischemic conditions (Gadamski, Baramidze, 1979).

MATERIAL AND METHODS

The study was performed on 12 adult rabbits of both sexes, wei-
ghing 2.5—3.5 kg. Circulatory hypoxia lasting 15 min was produced
in animals anesthetized with nembutal (40 mg per kg body weight)
by Mchedlishvili’s (1973) method.

The material consisted of fragments of pia matter from frontal,
parietal and temporal lobe of rabbit brain taken in the 10th and
15th min of ischemia and in the 15th min after retransfusion of the
blood. Pia mater from analogical sites of healthy rabbits served as
control material.

Histochemical activity of the following enzymes has been studied:
phosphorylase (a, a + b, and total) by the Takeuchi and Kuriaki
(1955) method, succinic dehydrogenase (SDH) by Novikoff (1963), lac-
tic dehydrogenase (LDH) by Hess et al. (1958) and nucleoside phos-
phatases: adenosinetriphosphatase (ATP-ase), cytosinetriphosphatase
(CTP-ase) and guanosinetriphosphatase (GTP-ase) by the Wachstein
and Meisel method (1957) modified by Torack and Barrnett (1964).

Special attention was paid to the intensity of histochemical reac-
tions and distribution of enzymatic activity in the elements of pial
arterial network, with particular consideration of so-called active
segments of the arterial tree, which consisted of: arterial branching,
arterial anastomoses, precortical arterioles and initial segments of ra-
dial arterioles.

RESULTS
Phosphorylases

Phosphorylase a. In control animals the highest enzyme acti-
vity was found in large arteries. Histochemical reaction marking lon-
gitudinal and circular arrangement of muscle fibers in wvascular walls
gradually decreased as the diameter of arteries diminished. However,
the intensity of the reaction in the vessels of identical or similar ca-
liber differed markedly. Relatively few arteries revealed high enzy-
me activity (Fig. 1), more numerous were those which were mode-
rately or slightly active. There were no characteristic differences in
localization of histochemical reaction in active segments of vascular
network except in some branchings which exhibited higher enzymatic
activity as compared with larger arterial vessels.
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During ischemia, lasting both 10 and 15 min, a marked decrease of
intensity of the reaction in large vessels has been found (Fig. 2); in
the arteries of small diameter there was a trace reaction or none. In
some minute pial arterioles and precortical arterioles the segmental
constriction presented circular muscle fibers with low histochemical
reaction. The reaction decreased during ischemia enhanced in the 15th
min after blood retransfusion, especially in circular muscle fibers
of scme larger arteries. In this period, however, the majority of ves-
sels of medium and small size were enzymatically completely nega-
tive.

Phosphorylase a + b. Control animals exhibited higher en-
zymatic activity than phcsphorylase a activity in larger arteries. The
intensity of histochemical reaction became lower with diminishing ca-
liber of the vessels (Fig. 3). Similarly to the phosphorylace a activity,
there were no characteristic differences in intensity or distribution of
the histochemical reaction in the active segments of pial vascular net-
work. In the 10th min of ischemia high enzymatic activity was found
only in short segments of large arteries, whereas other elements
of vascular network demonstrated distinctly®lower reaction than in
the control animals. Small arteries presented segmental circular cons-
trictions (Fig. 4) in which histcchemical reaction was slight or nega-
tive. The reaction in the 15th min of ischemia was similar except
that the segments with well preserved enzymatic activity in larger
arteries were shorter. During the postischemic pericd the histoche-
mical reaction demonstrating activity of a + b phosphorylase became
similar to that in control rabbits. All elements of the arterial net-
work exhibited positive histochemical reaction. The narrowing along
few small arterioles which were identical to these observed during
ischemia did not differ by their histochemical properties from the
other parts of vascular walls.

Total phosphorylase. The activity of so-called total phos-
phorylase in the walls of pial arteries of control rabbits was high
(Fig. 5). It did not change either in the 10th or in 15th min of is-
chemia, whereas in the 15th min after ischemia the distinct decrease
of histochemical reaction in all segments of pial vascular netweork
was observed. Often the reaction had a diffuse character (Fig. 6).

Succinic dehydrogenase (SDH)

In control animals the moderate enzyme activity demonstrated
circular arrangement of muscle fibers in large pial arteries. The arte-
ries of medium and small diameter presented similar intensity cf
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the histochemical reaction but the relation of the activity to muscle
elements of arterial walls was not clear. Against a background of
uniform reaction in arteriolar walls the contours of endothelial cells
showed only a trace or nothing at all of enzymatic activity. In active
segments of arterial network besides few exceptions (Fig. 7) there
was no visible difference in localization and intensity of histochemical
reaction. In the 15th min of ischemia the reaction in circular muscle
fibers of medium size arteries was higher than in the control material.
In other elements of arterial network the reaction corresponded to
that in the control. More distinct increase of histochemical reacticn
in all pial arteries was found in the 15th min of ischemia. In this
time appears also the tendency to ,,striate pattern” of the reaction.
This was due to alternate grouping of circular muscle fibers with
high, moderate or low enzymatic activity (Fig. 8). This phenomenon
appeared in thin arteries and in precortical and radial arterioles. Du-
ring the postischemic period the histochemical properties of the wves-
sels did not vary from that in the period of ischemia. The muscular
rings with a high enzymatic activity, which were present in all arte-
ries with a diameter of less than 50 wm, usually enfolded segmental

Fig. 1. Control rabbit. Phosphorylase a. High enzymatic activity in the wall
of thick artery, low activity in its branching. X 100.°
Ryc. 1. Krolik kontrolny. Fosforylaza a. Wysoka aktywnosé w Scianie grubej
tetnicy i slaba w jej odgalezieniu. Pow. 100 X.

Iig. 2. Ischemia, 10 min. Decrease of phosphorylase a activity in the walls of
thick arteries, trace enzymatic activity in small size arteries. X 60.
Ryc. 2. Niedokrwienie — 10 min. Spadek aktywmnos$ci fosforylazy a w S$cianach
grubych tetnic i aktywno$é Sladowa w tetnicach o malej Srednicy. Pow. 60 X.

Fig. 3. Control rabbit. High activity of a + b phosphorylase in thick arteries.
Diminishing activity in the arteries of smaller diameter. X 60.
Ryc. 3. Krélik kontrolny. Silna aktywno$¢ fosforylazy a +b w tetnicach gru-
bych i slabsza w miare zmniejszania sie $rednicy naczyn. Pow. 60 X.

Fig. 4. Ischemia, 10 min. Trace or lack of a + b phosphorylase activity. Seg-
mental constrictions lacking enzymatic activity along thin arteries. X 100.
Ryc. 4. Niedokrwienie — 10 min. Sladowa aktywnos$é¢ fosforylazy a + b lub jej
catkowity brak. Odcinkowe przewezenia w przebiegu cienkich tetnic nie wy-
kazujace aktywnosci enzymatycznej. Pow. 100 X.

Fig. 5. Control rabbit. High activity of total phosphorylase activity in the walls
of pial arteries. X 100.
Ryc. 5. Krélik kontrolny. Wysoka aktywmnosé fosforylazy catkowitej w $cianach
tetnic opony miekkiej. Pow. 100 X.

Fig. 6. Postischemic period, 15 min. Total phosphorylase. Distinct decrease of
enzymatic activity in all pial arterial vessels. Diffuse histochemical reaction.
X 100.

Ryc. 6. Po niedokrwieniu — 15 min. Fosforylaza catkowita. Wyrazny spadek
aktywnosci enzymatycznej we wszystkich naczyniach tetniczych opony miekkiei
Dyfuzyjna posta¢ odczynu. Pow. 100 X.
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distensions of the vessels characterized by the relatively low histo-
chemical reaction (Fig. 9).

Lactic dehydrogenase (LDH)

The intensity of the histochemical reaction in the walls of pial
arteries of control animals varied markedly. There were vessels pre-
senting either high or low enzymatic activity. In large arteries the
uniform accumulation of final reaction product marked the longitu-
dinal and circular arrangement of muscle fibers. Other elements of

Fig. 7. Control rabbit. High SDH activity in arterial branching of a 50 um
diameter. X 400.
Ryc. 7. Krolik kontrolny. Wysoka aktywnos¢é SDH w miejscu odgalezien od-
chedzacych od tetnicy o s$rednicy ck. 50 um. Pow. 400 X.
Fig. 8. Ischemia, 15 min. High SDH activity in the ,bridges” of circular musc-
les. X 400.
Ryc. 8. Niedokrwienie — 15 min. Wysoka aktywnos¢ SDH w ,mostkach”
miesniowki okreznej. Pow. 400 X.
Fig. 9. Postischemic period, 15 min. High SDH activity in the muscle fibers
around segmental vascular constrictions. X 400.

Ryc. 9. Po niedoknwieniu — 15 min. Wysoka aktywnos¢ SDH we widknach
miesniowki odcinkowo rozszerzonych naczyn. Pow. 400 X.

Fig. 10. Control rabbit. Segmental distensions (,bridges”) of muscularis in ana-
stomoses, in precortical and radial arteriole, all displaying high LDH activity.
X 200,

Ryec. 10. Krolik kontrolny. Odcinkowo rozszerzone ,mostki” migsniowki w tetnicz-
ce przedkorowej, promienistej i w anastomozie, wykazujace wysoka aktywnos¢
LDH. Pow. 200 X.

Fig. 11. Control rabbit. High ATP-ase activity in precortical and radial arterio-
les. X 60.

Rye. 11. Krolik kontrolny. Wysoka aktywno$¢ ATP-azy w tetniczkach przedko-
rowych i promienistych. Pow. 60 X.

Fig. 12. Control rabbit. High CTP-ase activity in precortical and radial arterio-
les. X 60.

Ryc. 12. Kroélik kontrelny. Wyscka aktywnos¢é CTP-azy w tetniczkach przed-
korowych i promienistych. Pow. 60 X.

Fig. 13. Control rabbit. Moderate GTP-ase activity in precortical and radial
arterioles. X 60.

Ryc. 13. Krolik kontrolny. Umiarkowana aktywnosé¢ GTP-azy w tetniczkach
przedkorowych i promienistych. Pow. 60 X.

Fig. 14. Ischemia, 15 min. Slight decrease of ATP-ase activity in precortical
and radial arterioles. X 60.

Ryc. 14. Niedokrwienie — 15 min. Nieznaczny spadek aktywnosci ATP-azy
w tetniczkach przedkorowych i promienistych. Pow. 60 X.

Fig. 15. Ischemia, 15 min. Decrease of CTP-ase activity in all elements of pial
vascular network, in particular in larger arteries. X 60.

Ryc. 15. Niedoknwienie — 15 min. Spadek aktywnosci CTP-azy we wszystkich
elementach sieci naczyniowej opony miekkiej, szczegdlnie wyrazny w tetnicach
duzych. Pow. 60 X.
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vascular network presented highly active muscle striatation localized
in arterial branchings, in their vicinity, in anastomoses, in precorti-
cal and radial arterioles (Fig. 10). The vascular segments between
striae exhibited lower LDH activity being anyhow stronger than thai
of larger arteries. Ischemia lasting 10 min did not affect the distri-
bution and intensity of histochemical reaction as compared with
control rabbits. In the 15th min moderate increase of enzymatic ac-
tivity was observed in all elements of the vascular network, in parti-
cular in the walls of larger arteries. The histochemical pattern in the
period immediately after ischemia persisted unchanged in comparison
with that in the 15th min of ischemia.

Adenosinetriphosphatase (ATP-ase), cytosinetriphosphatase (CTP-ase),
guanosinetriphosphatase (GTP-ase)

Precortical and radial arterioles of control animals exhibited very
high activity of ATP-ase and CTP-ase. Activity of GTP-ase in these
vessels was moderate. In large arteries the intensity of ATP-ase was
lower than of CTP-ase and GTP-ase (Figs 11, 12, 13). The intensity
of the reaction became lower as the diameter of the vessels dimi-
nished. Uneven distribution of the final reaction product in the ar-
teries of similar size, especially typical for ATP-ase reaction, was
remarkable.

The earliest changes in the reaction for all three investigated en-
zymes were observed in the 15th min of ischemia. They consisted of
the decrease of the reaction demonstrating ATP-ase activity in pre-
cortical and radial arterioles (Fig. 14), slight diminution of CTP-ase
activity in all elements of vascular network, particularly in larger
arteries (Fig. 15) and slight increase of GTP-ase activity. Similar or
even more distinct reaction of investigated rnzymes activities was
demonstrated 15 min after ischemia.

DISCUSSION

The studies on the reaction of meningeal blood vessels in condi-
tion of hyper- and hypotension allowed to individualize some seg-
ments in the pial vascular network which won the name of active
segments (Mchedlishvili, Baramidze, 1971; 1974). Arterial branchings
of less than 50 wm diameter, arterial anastomoses, precortical and
radial arterioles differ from other elements of the vascular network
by their fast vasomotor reaction to the changes in the systemic blood
pressure. The mechanisms determining the specific vasomotor pro-
perties of active vascular segments are untill now not fully under-
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stood. In previous studies (Gadamski, Baramidze, 1978) it was found
that the walls of the arterial branchings and of precortical arteric-
les contain a very rich net of vegetative nerve fibers. According to
the authors the vasomotor reaction depends upon the density of in-
nervation, though this conclusion cannot be generalized. Larger pial
arteries, without any particular vasomotor reactions, are also sur-
rounded by dense nerve plexuses, whereas in the walls of other active
segments i.e. arterial anastomoses and radial arterioles only single
vegetative fibers were found, which speaks against the suggested
relationship. The lack of a direct relationship between the reaction
of the muscle fibers and the density of nerve plexuses in larger pial
arteries can probably be connected with the exploitation of these
vessels as the pathways for vegetative fibers from their centers to
the endings in smaller and smaller arterial branches up to the ra-
dial arterioles. More difficult to explain is the strong vascular reaction
of anastomoses and radial arterioles despite their scarce innervation.
It is possible that the reaction of these vessels depends on the varie-
ty of metabolic processes in smooth muscle fibers, on special stimu-
lation by neurotransmitters and by the vasoactive substances in the
serum.

Anatomical studies (Falck, 1962; Norberg, Hamberger, 1964; Ehin-
ger et al., 1966) proved that the adventitial adrenergic plexuses dc
not contact directly the muscular fibers with their nerve endings.
In such conditions the stimulation of muscle fibers might be due to
diffusion of freed neurotransmitter. The pathway of its penetration,
especially in larger arteries, can often be avite long. Devine (1966),
and Simpson and Devine (1966) doubted if the amount of freed neu-
rotransmitter in larger arteries suffice to stimulate deeply located
muscle fibers. These questions and anatomical analyse of the locali-
zation of vegetative plexuses in arterial walls arised the hypothesis
about two layers of vascular media: outer layer being under the
control of vegetative system and inner layer activated mainly by the
aclive substances from the blood serum. This hypothesis is substan-
tiated by the slight change of the arterial lumen during the stimu-
lation of adrenergic component leading to distinct contraction of muscle
elements under the adventitia and on the other hand, to the dilatory
tension of muscle cells adhering to the endothelium. Such mecha-
nism of the stimulation of blood vessel muscularis by diffusion, is
confirmed also by our investigations, which did not prove any def:-
nite relationship between specific innervation of active segments cf
the vascular pial network and the metabolic activity of their muscle
fibers. High intensity of histochemical reaction for phosphorylase

http://rcin.org.pl



578 R. Gadamski et al. Nr 4

a and LDH in some arterial branchings of control animals do not
testify against this phenomenon. It takes place probably due to the
liberation of a larger quantity of neurotransmitters by the nerve
endings, more numerous in arterial off shoots. Freed neurotransmitters
penetrate more quickly to proximal muscle cells, whereas the muscu-
laris of more distant parts of vascular walls is stimulated with some
delay, depending on the speed of diffusion. Other confirmation of
lacking relationship between the innervation and intensity of meta-
bolic processes in the constrictory elements of wvascular walls can
be the histochemical pattern of arterial anastomoses and radial ar-
terioles. Despite the scarce number of adrenergic and cholinergic
axons along these vessels, their walls demonstrate very high LDH
activity in circularly arranged muscle fibers.

The most important observation resulting from our investigations
is the considerable difference in activity of phosphorylase a and LDH
in the vessels of the same size in control animals, which suggests
the presence of two types of muscle fibers in the pial arteries of
the rabbit. These fibers even in the conditions of normal oxygen
supply use other energetic substrates (carbohydrates in the vessels
with high phosphorylase activity, and lactate where enhanced LDI
reaction is present). Lack of distinct changes in the intensity of en-
zymatic reaction in the ischemic condition can also depend on the
applied experimental model, in which despite ligation of both com-
mon carotid arteries and reduced blood pressure to 20 mm Hg, the
blood flow in pial vessels can vary considerably. The blood flow is
higher in the area supplied by the posterior cerebral artery and lo-
wer in the region supplied by anterior and middle cerebral arteries.
Moreover, 10 and 15 min lasting ischemia is too short to disclose
the changes in histochemical reaction. Similarly, a 15 min postis-
chemia period is not long enough to disclose the return of metabo-
lic process to oxygen pathway. The mechanism of enhanced SDH
activity during ischemia and the postischemic period consists probably
upon the accumulation of the succinate pool in the ischemic phase
and simultaneous preservation of relatively high enzyme activity. Ac-
tivity of SDH may be preserved due to only a partial stop of blocd
flow to the area of pia matter supplied by the posterior cerebrai
artery. From this area, by the net of arterial anastomoses, the blood
flow drives to areas supplied by the anterior and middle cerebral
arteries.

In summary one has to consider the difficulty in evaluation, by
histochemical methods, of the metabolic properties of smooth mus-
cularis in separate elements of pial vascular network. These proper-
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ties seem to be the effect .of many factors, such as rich innervation,
specific stimulation by the diffusion of neurotransmitters liberated
frcm nerve endings and by active substances from the serum. Possi-
bility of postulated by us existence of two types of muscle fibers
deriving energy from different substrates, has also to be taken into
consideration.

R. Gadamski, G. Szumanska, D. Baramidze

AKTYWNOSC NIEKTORYCH ENZYMOW W SCIANACH NACZYN TETNICZYCH
OPONY MIEKKIEJ KROLIKA W WARUNKACH PRAWIDLOWYCH
I W NIEDOKRWIENIU

Streszczenie

Badano histcchemicznie naczynia opony miekkiej krolika bezposrednio odpo-
wiedzalne za zaopatrzenie kory moézgu w krew. Doswiadczenia przeprowadzono
na 12 kroélikach obu plei o ciezarze ciala 25—3,5 kg. Zwierzeta, w narkozie
nembutalowej, poddawane byly 15-minutowe] hipoksji krazeniowej wg metody
Mchedlishvili’ego (1973).

Badania wykonano na fragmentach opony miekkiej (ptata czolowego, ciemie-
niowego i skroniowego) pobranych od zwierzat w 10 i 15 min niedokrwienia
oraz w 15 min po retransfuzji krwi. Material kontrolny stanowily wycinki opony
tych samych okolic moézgu, pobrane od zwierzat zdrowych. Oznaczano histoche-
micznie aktywnosé nastepujacych enzymoéw: fosforylaz (a, a+ b i catkowitej),
dehydrogenazy bursztynianowej (SDH), dehydrogenazy mleczanowej (LDH) oraz
fosfataz nukleozydowych: adenozynotrojfosfatazy (ATP-azy), cytozynotrojfosfatazy
(CTP-azy) i guanozynotrojfosfatazy (GTP-azy). Y

W czasie niedokrwienia nie stwierdzono roéznic w aktywmnosci fosforylazy
a i a+b w obrebie aktywnych odcinkow sieci tetniczej opony. W pozostatycn
elementach sieci naczyniowej, odczyn histochemiczny w poréwnaniu z kontrola
byl oslabiony. W okresie poniedokrwiennym aktywnos$¢ fosforylaz a i a-+bh
wzrastala. Natomiast aktywnos$é¢ fosforylazy catkowitej spadala znacznie dopiero
w 15 min niedokrwienia.

Wzrost aktywnosci SDH i LDH obserwowano w czasie niedokrnwienia oraz
w okresie poniedokrwiennym. Zmiany w aktywnosci fosfataz nukleozydowych
ujawniajgce si¢ w 15 min niedokrwienia, polegaly na spadku aktywnosci ATP-
-azy, nieznacznym spadku CTP-azy oraz niewielkim wazroscie GTP-azy.

P. Tapgamcku, I'. lllymaubcka, /. Bapamuase

AKTUBHOCTH HEKOTOPBIX ODH3MMOB B CTEHKAX APTEPUMAPHBIX
COCYIOB MATKOM OBOJIOYKU KPOJUKA B HOPME
M BO BPEMSA UCXEMUU

Pe3zwomMme

I'McTOXMMMYECK): MCCAEA0Baiu COCYAbl MATKOM OOOJOYKYM KPOJIMKA, HEINOCPe/-
CTBEHHO OTBETCTBEHHbIEe 3a cHabKeHue KOpPbI KPOBBIO. OmNbITbI CTaBMiIM Ha 12 Kpo-
JaukKax oboero nosja Becom Tena 2,5—3,5 Kr. 2KMBOTHBIE HaXOAALIMecH B HeMOyTaJo-
BOM HapKoO3e MOABeprajauch 15-MmHYTHOM ucxemuu no meroay MuenmmmuBuiamn (1973).
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McenenoBany mpoBOAMiIM Ha (pparMeHTax MArKOM 060j04ky (106HOM, TeMeHHO!
M BMCOYHOM J0JI€M), B3ATBIX OT XMBOTHbIX B 10 u 15 MuH. ucxemMuyum 1 B 15 MuH.
nocje perpaHcdy3unm KpoBu. KOHTPOJBHBIA MaTepual cocTaBiasiau (parMeHTbl 000-
JIOYKM TeX Ke pPayoHOB MO3ra, B3ATble OT 3J0POBBIX XMBOTHBIX. I'MCTOXMMMYECKU
OIpeziesiAly aKTMBHOCTH CJEAYIOIIMX 9H3UMMOB: ¢occopunas (a, a+ b u obuein),
cykuunaeruaporenass! (SDH), makraraermaporenassr (LDH), a Takke HYKJIE03MAHbBIX
docdaraz: anenosumnrpudarazer (ATP-azel), uurosunTpudocdarassr (CTP-asbl)
u ryanosunTpudocdaraspr (['Td-a3sl).

Bo BpeMsa uCcXeMuM He HAXOAMJIM pa3HMI] B aKTMBHOCTH (boccopmiasbl a u a + b
B paroHe aKTUBHBIX (PParMEeHTOB COCYyAMCTOM ceTu 000si04Kyu. B ocTalbHBIX 3JIeMeH-
Tax COCYyAMCTO CETH TUCTOXMMMYecKasd peaKuusd, M0 CPaBHEHMIO C KOHTpoJieM, Oblia
ocnabiennas. B mOCTHMCXeMMUYECKMIT NE€pMOj aKTMEHOCTL Gocgopmiaz a u a+ b
BOo3pacTayia. AKTMBHOCTbL Ke obmen docdarasel cHuKalaCb 3HAYUTENIBHO JUIIL
B 15 MMH. McXeMum.

VYBennyenne aktuBHoct SDH um LDH unabaropany BO BpeMys MCXEMUM M B MOCT-
MCXeMUYECKMiT Tepuoj. Vi3MeHeHus B aKTUBHOCTM HYKJEO3MAHBIX ¢ocdaras, obua-
PYXUBAOUMXCA B 15 MMH. MCXEMUM, CBOAMJIMCH K CHMIKEHMIO aKTuBHOCTM ATP-a3ssl,
He3HaYuTeabHOMYy cHuKenuo CTP-a3bl, a TakKe K Hebounbmomy pocty I'T'd-a3bl
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c.d. ze str. 568

nich lat stwiendza, ze chociaz wprowadzenie L-dopa i pochodnych zapoczatko-
walo nowa ere w leczeniu ZP, nie wykazuje ono zadowalajacych wynikow w za-
kresie drzen spoczynkowych. Dlugotrwale pcdawanie pochodnych L-dcpa u wiz-
kszo$ci chorych wywoluje objawy nietolerancji i obnizonej efektywmnosci, bra-
chykinezje, a wu mniektérych rozwiniecie zespolu psychoorganicznego i paranoi.
Dwudziestopiecioletnie obserwacje wskazuja, ze operacje przeprowadzone we
wezesnych stadiach wplywaja mna zahamowanie postgpu choroby. Leczenie ste-
reotaktyczne ZP jeszcze dilugo bedzie stanowié¢ uzupelnienie leczenia L-dopa i nie
bedzie nim zastapione, dopoki nie zostana odkryte neurotransmitery wplywajace
na drzenie spoczynkowe i nie zostang poznane ich receptory.

Monografia jest wydana ma kredowym papierze, zawiera wspaniale ryciny
przedstawiajgce 4- i 8-krotne powiekszenia jader podstawnych moézgu oraz obrazy
histologiczne i mikroskopowo-elektronowe jader ukladu pozapiramidowego mozgu.
Stanowi ona wazne zrodio wiedzy nie tylko dla neurochirurgéw zajmujacych sie
neurochirurgia stereotaktyczng, ale i dla neurofizjologoéw, neuropatologéow i prak-
tykujacych neurologéw.

Doc. dr hab. E. Mempel

Benno Schilesinger: The Upper Brainstem in the Human. Its Nuclear
Configuration and Vascular Supply. Springer-Verlag, Berlin, Heidelberg,
New York 1976. Str. 266. Ryc. 326.

Omawiana ponizej publikacja jest wynikiem wieloletniej pracy autora. Benno
Schlesinger rozpoczal swe badania jeszcze w 1928 r. za namowa Otfrieda Foer-
stera, kontynuowal je po niemal 20 latach w Nowym Jorku, aby koncowa faze
przeprowadzi¢ w Wiedniu w Zakladzie Anatomii prof. H. van Hayek’a.

Wychodzgce z zalozenia, ze zlozona struktura jader wzgérza i jader podstawy
wymaga stworzenia obrazow tréjwymiarowych, postanowil przedstawi¢ wizualnie
wewnetrzng organizacje gornego pnia moézgu przez zestawienie roéznych plaszczyzn,
odpowiadajacych poszczegblnym makro- i mikroprzekrojom. W poszukiwaniu,
jak to okresla ,jezyka graficznego”, siegngt po modyfikacje metody ortograficz-
nej, uzywanej w geometrii przestrzennej. Nazwal ja ,;stereografia sko$nych prze-
krojow”, a polega ona ma zestawieniu rzutow powierzchniowych z przekrojami
skosnymi i wzajemnej konfrontacji rzutéw przekrojowych. Dzieki identycznej od-
leglosci danego punktu od plaszczyzny posrodkowej w kazdej z zestawianych
3 standardowych plaszczyzn odniesienia, metoda ta jest izometryczna, tzn. przed-
stawia prawdziwe raczej miz pozorne proporcje obiektu. Liczne rysunki ukazuja
przekroje pnia moézgu widziane pod roéznymi katami, z uwzglednieniem stosunku
topograficznego do potkul mozgowych, a takze do ukladu komorowego kreso-
mozgowia. Takie wujecie graficzne stanowi ogoélne rusztowanie, na ktére mozna
nanies¢ skladowe cze$ci gornego pnia mozgu, zaréwno jadra, jak i szlaki.

Granice miedzy gérmmym a dolnym pniem, przyjal autor za Foix i Nicolesco,
jako plaszczyzne przechodzaca wzdluz peczka Meynerta lub peczka zawracajg-
cego (Fasciculus retroflexus). Dlatego oprécz wlasciwego goérnego pnia, praca obej-
muje takze malg cze$¢ doglowowa pnia dolnego, lgcznie z czeScia jadra czer-
wonego, odcinkiem s$rodwzgérzowym istoty czarnej i jagdrami nerwow III i IV.
Poszczegdlne struktury sa przedstawione droga stopniowego odstaniania gleboko
lezacych jader i szlakow, poprzez stopniowe pomijanie elementéw powierzchnio-
wych, ktére by je zacieraly.

cd. na str. 630
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A. Sh. TSITSISHVILI, I. K. SVANIDZE, I. I. LAZRIEV, E. 1. DZAMOEVA,
N. V. SIKHARULIDZE

EFFECT OF POSTISCHEMIC BLOOD RECIRCULATION
ON THE ULTRASTRUCTURE OF THE CEREBRAL CORTEX

Laboratory of Neuromorphology and Laboratory of Physiology and Pathology
of the Cerebral Blood Circulation, I. S. Beritashvili Institute of Physiology,
Ceorgian Academy of Sciences, Tbilisi

Our previous study revealed that during short-term (3, 7 and i5
min) circulatory hypoxia produced by Mchedlishvili’'s method (1973)
pronounced ultrastructural changes are present in the endothelial
cells, pericytes, neurons, synapses and glial cells of the rabbit’s cere-
bral cortex. It was also demonstrated that at the same time prono-
unced functional and metabolic disturbances occur in the brain, so-
me of them extending into the postischemic period (Chikvaidze, Me-
Litauri, 1974; Roitbak, Labakhua, 1974; Sikorska, Smialek, 1974; Sva-
nidze, Museridze, 1974). In other models of hypoxia severe ultrastruc-
tural changes in the nerve tissue were shown to develope in the post-
ischemic period (Bogolepov et al., 1972; Yu et al, 1972). While on
the other hand, there is evidence of normalization of the ultrastruc-
tural organization of the nerve tissue following blood recirculation
(Arsenio-Nunes et al., 1973). This inclined us to study the ultra-
structural changes in the cellular elements of the cerebral cortex,
which occur in an early period following brain ischemia and to com-
pare them with those, previously described, occurring at the time
of ischemia.

MATERIAL AND METHODS

Electron microscopic studies were done on the cerebral cortex from
the temporal, parietal and occipital areas of 12 rabbits subjected to
short-lasting brain ischemia which was performed by the Mchediis-
hvili method (1973). The brain ischemia *) was produced by simul-

*) The experimental procedure was described in detail in previous papers:
Tsitsishvili (1979), Dzamoeva et al. (1979).
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taneous bilateral ligation of carotid arteries and the lowering of the
systemic arterial pressure level to about 25—30 mm Hg. In all ex-
perimental animals following 15 min ischemia the cerebral blood flow
was restored and the systemic arterial pressure normalized by blood
retransfusion. The brains of experimental animals were taken for
examination at the 10th and 30th min of the postischemic period.
The control animals were subjected only to the surgical procedure
with no ischemia.

The brains of both experimental and control animals were perfu-
sed with 2.5% solution of glutarate aldehyde in phosphate buffer at
pH 7.4 via the carotid artery. Following that small tissue blocks ta-
ken from the appropriate areas of the cerebral cortex were immer-
sed in fresh 2% solution of osmium tetraoxide for 2—3 h. After de-
hydration in graded ethanol solutions the material was embedded in
Araldite. Fine sections were counterstained according to the Rey-
nold’s method (1963) and examined under an JEM-100C electron mi-
croscope.

Quantitative analysis of electron microscopic pictures was perfor-
med. The thickness of the endothelial cells and of the basal membra-
nes was measured and the number of pinocytic vesicles in the cyto-
plasm of endothelial cells was calculated. The thickness of endothe-
lial cells and the basal membrane in every microphotograph was mea-
sured in the randomly selected regions separated from each other by
about 10 wm. The means of the data were calculated. For determi-
nation of the number of pinocytic vesicles per 1 wm3 section of endo-
thelial cell, the number of pinocytic vesicles in the endothelial cell
was counted and the obtained value was divided by the area of this
cell. For the determination of the area of the section of endothelial
cell a square lattice (d =5 mm) was used (Weibel, 1969). Measure-
ments for each experiment were made on 60 electron micrographs,
the final magnification of which was equalled to 60 000. All the quan-
titative data were processed statistically. Arithmetic mean and mean
error were obtained. Validity of the data obtained was checked by
Student t—test.

RESULTS AND DISCUSSION

Since no regional differences in the fine structure of the cerebral
cortex were present within the respective groups of experimental
animals we restricted ourselves to a common description. It has also
te be pointed out that similar to that which was previously found
at the time of ischemia, the postischemic period was characterized
by proncunced diversity of structural changes in the cortical regions
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under study. Alongside the cortical areas revealing severe changes
involving almost all structural components of the tissue, there exis-
ted areas with much weaker reaction or even such in which no ultra-
structural abnormalities were present.

Following recirculation most of the changes, which according teo
Tsitsishvili (1979), Lazriev et al. (1979) and Dzamoeva et al. (1979)
are characteristic for short-term ischemia, were present. Moreover,
in some structural components of the tissue those changes were more
evident than at the 3rd, 7th and even 15th min of ischemia. One
could also observe, however, a number of ultrastructural features in
the capillaries, which pointed to the onset of the recovery process.
This concerned endothelial cells, basal membrane and pericytes.

Ten minutes after recirculation the changes in the endothelial cells
were more pronounced than during ischemia. Their thickness was
greater than at the 15th min of ischemia. This amounted to 0.300 =
+ 0.10 wum (p <0.001) (Fig. la). The profiles of the Golgi complex
and endoplasmic reticulum were widened. Mitochondria were swollen,
there was fragmentation and disorganization of their cristae. Occasio-
nally in some mitochondria laminated dense bodies were present.
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Fig. 1. a) Mean values of thickness of endothelial cells in wm. b) Mean valuecs
of the number of pinocytic vesicles per 1 um? c¢) Mean wvalues of thickness
of the basement membrane in pm.

Ryc. 1. a) Srednie warto$ci grubosci komoérek srodblonka w um. b) Srednie
wartosci liczby pecherzykéw pinocytarnych w 1 um?2 c¢) Srednie warto$ci gru-
bosci blony podstawnej w um.

The amount of pinocytic vesicles and ribosomes in the cytoplasm
of endothelial cells was considerably increased (Fig. 2). The number
of pinocytic vesicles per 1 wm? of cytoplasm equaled to 45 = 1.7
(p <0.001) (Fig. 1b). The amount of cytoplasmic extensions facing
the vascular lumina also increased (Fig. 2). The nuclei of endothelial
cells due to deep indentations of cytoplasm acquired irregular shaps.
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Fig. 2. Capillary wall, 10 min after recirculation. ER — endoplasmic reticu-
lum, PP — pericytic processes, M — mitochondria, BM — basement membrane.
The arrow points to pinocytic vesicles. X 60 000.

Rye. 2. Sciana naczynia, 10 min po przywréceniu krazenia. ER — siatka $rod-
plazmatyczna, PP — wypustki pericytow, M — mitochondria, BM — blona pod-
stawna. Strzalka wskazuje pecherzyki pinocytarne. Pow. 60000 X.

Aggregation of ribosomes around nuclei was noted. Sometimes rito-

some-like particles were seen in the central part of the nucleus.
Ten minutes after recirculation the changes in the morphology of

basal membrane varied greatly in their nature. In some places it was
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thickened with reduced electron density and blurred laminar struc-
ture. Frequently it formed finger-like outgrowths oriented towards
the surrounding structures (Fig. 3), similar to those which were ob-
served at 7th and 15th min of ischemia. However, after recirculation
the general thickness of basal membrane was decreased as compa-
red to that during 15 min ischemia and amounted 0.38 £ 0.002 wm
(p <0.001) (Fig. 1c).

In the cytoplasm of pericytes a great number of pinocytic vesicles
and ribosomes was observed. The amount of endoplasmic reticulum
profiles was markedly increased. In mitochondria of pericytes the
same changes were observed as in those of endothelial cells. The
number of dense bodies was significantly increased, being similar
to that observed during ischemia (Fig. 4).

Thirty minutes after recirculation most of the endothelial cells,
capillary basal membrane and pericytes revealed ultrastructure iden-
tical to that of the control animals. In the endothelial cells normali-
zation of mitochondria and an enhanced number of pinocytic vesicles
and ribosomes was observed. The number of pinocytic vesicles per
1 um? of the cytoplasm equalled to 37 * 1.0 (p < 0.001) (Fig. 1b). Most
of the mitochondria had an entirely normal structure, however, in
some of them fragmentation of cristae and law electron density were
present. Thickness of the endothelial cells amounted to 0.250 + 0.11
um (p < 0.001) (Fig. la). The basal membrane was of the same thi-
ckness as in the control animals (Fig. 1c¢). Only occasionally smali
fragments of basal membrane were widened or revealed low electron
density. The cytoplasm of pericytes contained very few, if any, lyso-
somes.

In summary, the 30th minute of recirculation was characterized by
evident features of the ultrastructural normalization of all the com-
pounds of the capillaiy wall. However, it is worth emphasizing that
in the early postischemic period a great number of leukocytes, mono-
cytes and plasmocytes appeared in the cerebral parenchyma (Fig. 3).
The cells were most frequently located in the wvicinity of the capilla-
ries of those cortical areas which showed the most severe tissue
abnormalities. The hematogenic cellular reaction was particularly
pronounced at the 30th min following restoration of the cerebral
biood flow.

Among neuroglial cells the most pronounced reaction occurring at-
ter recirculation, concerned astrocytes which were especially severe
in their perivascular processes. Most of the perivascular astrocytic
processes were swollen. Their electron transparent cytoplasm conta-
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s

Fig. 3. Capillary wall, 10 min after recirculation. M — mitochondrium, BM —
basement membrane, PP — pericytic process. X 52 000.

Ryc. 3. Sciana naczynia, 10 min po przywréceniu krazenia. M — mitochondrium,
BM — blona podstawna, PP — wypustka pericytu. Pow. 52 000 X.

ined very few, if any, organelles. The mitochondria were swollen
and their cristae disorganized. Considerable swelling of the astrocy-
tic perikaryons was also a common feature. The swollen astrocyies
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Fig. 4. Capillary wall, 10 min after recirculation. N — nuclei of pericytes, GA —
Golgi complex, L. — lysosomes, M — mitochondria, ER — endoplasmic reticu-
lum, BM — basement membrane. X 36 000.

Ryc. 4. Sciana maczynia, 10 min po przywroceniu krazenia. N — jadra peri-

cytow, GA — aparat Golgiego, L — lizosomy, M — mitochondria, ER — siatka
sr6dplazmatyczna, BM — blona podstawma. Pow. 36 000 X.
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Fig. 5. Mononuclear phagocytes in the mneuropil, 30 min after recirculation.
X 33000,

Rye. 5. Jednojadrzaste fagocyty w neuropilu, 30 min po przywroceniu krazenia.
Pow. 33000 X.
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were frequently disposed in groups (Fig. 6). The most distinct and
marked changes in the ultrastructure of astrocytes were seen 30 min
after recirculation.

Jﬁi‘.\'?b
Fig. 6. Astrocytes with swollen cytoplasm, 10 min after recirculation. F — glio-
filaments, N — nuclei, M — mitochondria. X 15 000.

Rye. 6. Astrocyty z obrzmiala cytoplazma, 10 min po przywroceniu krazenia.
F — gliofilamenty, N — jadra, M — mitochondria. Pow. 15000 X.
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The fine structural appearance of oligodendrocytes was similar to
that observed at the time of ischemia. Only a few cells revealed
ultrastructural changes. In those cells the intermembrane space of
the nuclear envelope was enlarged, cisterns of the endoplasmic reti-
culum were widened and numerous free ribosomes were present
(Fig. 7).

Microgliocytes were somewhat activated after recirculation. There
was a slight increase in number of those cells, especially of those
contacting capillary walls.

Restoration of the blood flow after ischemia of 15 min duration
did not result, in the first 30 min, in any noticeable changes indi-
cating normalization of ultrastructural picture of neurons and synap-
tic junctions, as compared with that at the time of ischemia. The
ultrastructural abnormalities of neurons and synapses had a focal
character, as was observed during ischemia (Lazriev et al., 1979).
The most obvious changes occurred in those areas of the cortex,
where the structure of the capillary walls was severely altered. The
abnormalities involved all subcellular elements of the neurons. Tho-
se concerning the Golgi complex and the rough endoplasmic reti-
culum seemed to be more pronounced than during ischemia (Figs
8, 9). The Golgi complex appeared to be hypertrophied. The rough
endoplasmic reticulum disclosed focally dilated profiles, which for-
med large vesicles at the cell periphery, while its channels and cis-
terns located in the cell centre appeared normal or even shrunken
(Fig. 8). Some neurons were shrunken, due to that fact the density
of their cytoplasm was greatly increased. After recirculation swollen
mitochondria were encountered in the perikarya of neurons as
frequently as they were at the time of ischemia; the extent of
alteration of individual mitochondria was also similar to that in is-
chemia. The nuclear envelope of the altered neurons formed nume-
rous deep invaginations, these being identical with those seen at 15th
min of ischemia. Nuclear chromatin was clumped. In some neurons,
dense, small, not membrane-bound granular profiles were present
within the nuclei. They were sometimes located at the nucleoli, so-
metimes in the direct vicinity of nuclear envelope. As in ischemia,
in some neuronal nuclei polymorphous wvacuoles were present. In
the large dendritic stems of some neurons large polymorphous vacuo-
les occurred; these being often disposed in groups (Fig. 10).

Both at 10th and 30th min after blood recirculation severe abnor-
malities in presynaptic terminals were found (Fig. 11). They were
essentially similar to those observed at the time of brain ischemia.
In some terminals the number of synaptic vesicles was greatly re-
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Fig. 7. Perineuronal oligodendrocyte, 30 min after recirculation. The cisternae
of endoplasmic reticulum (ER) and the intermembrane space of the nuclear
envelope (indicated by arrow) are slightly enlarged. X 40 000.

Ryc. 7. Oligodendrocyt okoloneuronalny, 30 min po przywréceniu krazenia. Nie-
znacznie poszerzone zbiorniki siatki $rédplazmatycznej (ER) i przestrzenie po-
miedzy warstwami otoczki jadrowej (strzalka). Pow. 40000 X.
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Fig. 8. Cortical pyramidal neuron, 10 min after recirculation. Condensed group
of endoplasmic meticulum profiles (ER). N — nucleus. GA — Golgi complex,
M — mitochondria, L. — lysosomes. X 28 000.

Ryc. 8. Neuron piramidowy kory, 10 min po przywréceniu krazenia. Zageszczone
profile siatki $roédplazmatycznej (ER). N — jadro, GA — aparat Gol-
giego, M — mitochondria, L. — lizosomy. Pow. 28 000 X.

duced, while in others they were entirely absent. The thickness of

the dense material connected with pre- and postsynaptic terminals
was increased. At 10th and 30th min after recovery of the cerebral
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Fig. 9. Fragment of cortical pyramidal neuron, 30 min after recirculation. Swol-
len mitochondria and enlarged profiles of endoplasmic reticulum. N — nucleus,
L — lysosomes, FR — endoplasmic reticulum, M — mitochondria. X 40 000.

Ryc. 9. Fragment meuronu piramidowego kory, 30 min po przywréceniu kraze-

nia. Obrzmiale mitochondria i poszerzone profile siatki Sréodplazmatycznej. N —

jadro, L — lizosomy, ER — siatka sSrodplazmatyczna, M — mitochondria. Pow.
40 000 X.

blood flow the intercellular clefts were widened in some areas of
the brain (Fig. 11) as they were at the time of ischemia.

The results of our studies show that the recovery of a normal blocd
flow following deep ischemia does not result in the first 30 min in
any noticeable normalization of the ultrastructure of the neurons,
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Fig. 10. Fragment ot cortical neuropil, 10 min after recirculation. Large dendri-

tic stems contains polymorphous vacuoles (indicated by arrow). PR — presy-
naptic terminals, D — dendrites, SP — dendritic spine, M — mitochondrium.
/ X 27 000.

Ryc. 10. Fragment neuropilu kory, 10 min pe przywréceniu krazenia. Duze pnie

dendrytéw zawierajace polimorficzne wakuole (strzalka). PR — zakonczenia pre-

synaptyczne, D — dendryty, SP — kolec dendrytu, M — mitochondrium. Pow..
27000 X.

synapses and neuroglial cells. On the contrary these changes are of-
ten more pronounced than they were at 15th min of ischemia. Op-
posite features can be observed in the capillaries. Recovery of nor-
mal blood circulation results in the normalization of the ultrastruc-
tural organization of all the components of the capillary wall; the
process occurring already during 30 min of the postischemic period.
The pronounced reaction of the hematogenic cellular elements ch-
served in the early postischemic period seems to be due both to the
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Fig. 11. Fragment of cortical neuropil, 30 min after recirculation. A conside-
rable widening of extracellular clefts. D — dendrite, PR — presynaptic termi-
nals, SP — dendritic spine. X 30 000.

Ryc. 11. Fragment neuropilu kory, 30 min po przywréceniu kragzenia. Znaczne
poszerzenie 'szczelin pozakomoérkowych. D — dendryt, PR — =zakonczenia pre-
synaptyczne, SP — kolec dendrytu. Pow. 30000 X.

changes in the capillary walls and the blood flow recovery itself.
One can find numerous data in literature on the hematogenic cellular
infiltration of the brain parenchyma under different pathological con-
ditions most often associated with the tissue breakdown. Konigsmark
and Sideman (1963) and Mori (1972), for instance reported infiltration
of leukocytes and monocytes in stab wounds of the brain. Penetra-
tion of leukocytes, monocytes and plasmocytes into the neuropil was
observed by Matthews and Kruger (1973a,b) during retrograde de-
generation of thalamic nuclei in rabbits and by Berger (1971) during
degeneration of the rabbit’s olfactory nerve. Identical phenomena oc-
curred in cases of mechanical trauma of the cerebral cortex in mice
and rats (Schultz, Pease, 1959; Kitamura et al., 1972; Kitamura, Fu-
jita, 1975). Carr (1978) reffers the appearance of both leukocytes and
monocytes to the phagocytosis phenomena without mentioning the
biological meaning of plasmocytes participation. Matthews and Kru-
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ger (1973a, b) consider that penetration into the blood stream of
various protein compounds liberated from the cellular structures at
the time of their breakdown may serve as a source of antigens and
as such evoke an immunological reaction. In that context appearance
of antibody-synthetizing plasmocytes within brain parenchyma may
be considerd as a manifestation of immunological response to nerve

tissue damage.

A. Sh. Tsitsishvili, I. K. Svanidze, I. L. Lazriev,
E. 1. Dzamoeva, N, V. Sikharulidze

WPLYW PRZYWROCENIA KRAZENIA KRWI PO NIEDOTLENIENIU
NA ULTRASTRUKTURE KORY MOZGU

Streszczenie

Badano zmiany ultrastrukturalne zachodzace w naczyniach wlosowatych moz-
gu, w komorkach glejowych, neuronach i synapsach, w czolowej, skroniowej i po-
tylicznej okolicy kory moézgu krélika, w 10 i 30 min po przywréceniu normal-
nego krazenia krwi po 15-minutowym niedotlenieniu. W 10 min po przywro-
ceniu krazenia w cytoplazmie komorek s$rédblonka wzrastala liczba pecherzykéw
pinocytarnych i rybosomow. Blona podstawna ulegata zageszczeniu, a jej gru-
bos¢ zmniejszala sie. W 30 min po przywroéceniu krazenia ultrastruktura wszyst-
kich elementébw $ciany naczynia wlosowatego powracata do normy. Po przy-
wréceniu krazemia w tkance nerwowej pojawiala sie duza liczba leukocytow
i komorek plazmatycznych, znajdujgcych sie miedzy wanstwami blony podstaw-
nej, a takze lezacych luzno w neuropilu. Przywrocenie normalnego krazenia nie
powodowalo zadnej =zauwazalnej normalizacji obrazu ultrastrukturalnego gleju,
neuronéw i polaczen miedzyneuronalnych. Najsilniej wyrazona byla reakcja astro-
cytébw, przejawiajaca sie obrzmieniem perikarionéw i wypustek oraz uszkodze-
niem mitcchondriow. Otoczka jadrowa wykazywala liczne i1 glebokie inwagi-
nacje. W zakonczeniach presynaptycznych zmniejszala sie ilosé pecherzykow sy-
naptycznych i wzrastala grubo$¢ blony pre- i postsynaptycznej. Podcbnie jak
w niedotlenieniu, w niektérych obszarach stwiendzano znaczne poszerzeuie
przestrzeni pozakomorkowych.

A. III. IImwpmuBuau, U. K. Ceauuaze, U. JI. Jlaspuesn, O. U. J[3amoeBa,
H. B. Cuxapyauase

BIUSAHMUE IIOCTUCXEMUYECKOM PELIMPKYJIAIMUU KPOBU
HA VJBTPACTPYKTYPY KOPHEI 'OJJOBHOI'O MOS3TA

PeswowMme

UccnenoBanbl yJbTPAacTPYKTypHble CABMIM, BO3HMKAKOIME B KaNuiasapax, Hel-
poraumu, He|poHax M CMHancax JO06HOM, BMUCOYHOM M 3aTbIIOUHOM obJsiacTeit KODPbI
TOJIOBHOrO MO3ra KpoJsmmkKa yepe3 10 m 30 MMHYT nocJjie BOCCTAaHOBJIEHMSA HODMAJIbHOM
UMPDKYJIAUMM KpPOBM BcJjlen 3a 15-MuuyTHOM wucxemuen. Yepesz 10 MuuHyT 110cie
PEUMDPKYJIAIMU B LMTOIJA3Me 3HAOTEJMAJbHBIX KJETOXK DPacTeT YMUCJIO MUHOUMUTO3IHBIX
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My3bIpbKOB M pubocom. Bazaabnasa memOpana yIJIOTHAETCA M yMEHBIIAETCHA €€ TOJI-
myuHa. Yepe3 30 MuHYT NPOMCXOAMT HOPMaJM3aLMA YJIbTPAaCTPYKTYPbl BCEX KOMIIO-
HEHTOB KanuJJAPHOM CTeHKu. Ilociie peuMpKyJIsAUMM B HEPBHOM TKaHU II0ABJSAETCH
GOJIbIIOE YMCJIO JIEKOLMTOB ¥ IJIa3MAaTMUECKUX KJIETOK, KOTOPble OOGHApPY KMBAIOTCS
KaKk MeXJy passeTBienuamu Oazanbuoit Membpanbl, Tak M cBODOAHO B Heipomme.
BoccranoByienmne HOPMaJIbHONO KPOBOTOKA He BbI3bIBae€T KaKOM-JIubO 3aMeTHOIM HOp-
Maausauuy CTPYKTYPHOM OpraHusaunmyu HeMpOrJiMy, HEMPOHOB M MeKHEeMPOHAaJbHbIX
KOHTaKTOB. Hamboslee pe3kas peakuua M3 HEMPOrJMAJbHBIX KJETOK obuapyKena
B aCTpouMTax M BbIpa2xkaerc:a B Habyxauum IepuKapuMoHa M OTPOCTKOB, AE€CTPYKIIMM
MUTOXOHAPMIL. B Hejiponax oTMmeuvaercsa runeprpodma kommiekca Ionbnaxmu, pac-
HIMpeHue INpoduieit SHAONIA3MaTUYECKO) CeTH, yBeJIuYeHMe KOJIMYECTBa JIM30COM,
Habyxanme MUTOXOHAPMIt;, sinepHas obosiouka obpa3yer MHOTOYMCIEHHBIE U TiyDoKue
MHBarMHauum. B npecMHanTMYeCKMX TEPMMHAJNAX YMEHbIIAETCA YMUCIO CUHANTU-
YECKMX My3bIPbKOB, PacTeT ToJILMHA IIpe- M [ocTCUMHANnTM4Yeckux Membpan. Kak
M IIpU MCXeMMM, SKCTPaLeJIIoJIgpHble MMPOCTPAHCTBA MECTaMM 3aMEeTHO pacCIIMPEeHbI.
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HISTOCHEMICAL CHANGES OF TISSUE-VASCULAR JUNCTION
IN THE RAT BRAIN AS A RESULT OF HYPOXIC HYPOXIA

Department of Neuropathology, Experimental
and Clinical Medical Research Center, Polish Academy of Sciences, Warszawa

In the central nervous system the processes of glia cells together
with capillaries form a structural and functional system which regu-
lates the exchange of fluids and of chemical compounds between
blood and tissue. Transport of nutrients and constructive elements
from blood to tissue and of products of tissue metabolism in oppo-
site direction is an active one and it works against a concentration
gradient in energy dependent manner (Skou, 1965; Stahl, Broderson,
1976). The barrier mechanisms which function between vascular lu-
men and nervous tissue used to be connected with endcthelium of
brain capillaries mainly. These endothelial cells form the characte-
restic tight junctions between adjacent cells and show absence of
intermembraneous spaces due to junction of a basal membrane with
surrounding glia processes. The astrocytic processes which adhere
closely to most of brain capillaries and in places adjoin between
themselve by tight junction are characteristic for tissue-vascular
junction.

The nucleotide phosphatases of the tissue-vascular junction are
thought to play an important role in an active transport (Torack,
Barrnett, 1964; Schwartz et al., 1976; Stahl, Boderson, 1976). Their
localization in basal membrane, endothelial cells and in glial processes
seems to be optimal for controlling the transport into and from the
vessels.

Susceptibility of the central nervous system on oxygen deficiency
is widely recognized and well documented (Brown, Brierley, 1968;
Arsenio-Nunes et al., 1973; Schwartz et al., 1976). Among others, it
was shown that severe enough ischemia and hypoxia decrease ATP
level (Siesjo et al., 1974; Purshottam, Gosh, 1974). The activities of
phosphatases of cell membranes also change during experimental hy-
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poxia. It was demonstrated previously in our histochemical works
(Szumanska et al.,, 1976) and in recent biochemical studies as well
(Rossowska, Dgbrowiecki, 1977). Wierzba (1977) showed that under
nypoxia the brain microcirculation is disturbed this being is accompa-
nied with appearance of diffuse ischemic foci.

In the light of these observations it seemed to be essential to ana-
lyse the activities of nucleotide phosphatases of capillary-tissue junc-
tion in animals submitted to hypoxia of different severity. Special
attention was paid to comparison of the enzymes activities in capii-
laries from the areas of brain showing the blood-brain barrier fea-
tures and in those in which blood-brain barrier does not exist.

MATERIAL AND METHODS

In the present experiments 6 weeks old, male Wistar rats weighing
about 150 g were used. Sixty six animals under experiment were
divided into 3 groups. Each of the rats of the first group was kept
for 30 min in a chamber of 3.5 1 volume through which a gas mixture
containing 92% of nitrogen and 8% of oxygen was passed. Animals
of the second group were kept under the same conditions but a gas
mixture contained 96% of nitrogen and 4% of oxygen. Percentage of
oxygen in the gas mixtures was controlled with the use of oxygen
analyser. Rats from both groups were killed either after 30 min of
hypoxia or at 10 and 30 min and 1, 2, 4, 24 and 48 hours after hypo-
xic episode.

The animals of the third group were kept in a chamber of 60 1 vo-
lume through which a technical nitrogen containing no more than
1% of oxygen was passed. Usually after about 3 min when the first
apnea was noticed rat was removed from the chamber for about
1 min and then placed again in it. The animals were kept under
these conditions for a period of 20 or 30 min and some of them deca-
pitated. The rest of animals were decapitated at 10 and 30 min and
4 and 48 hours of recovery from hypoxia.

The brains taken immediately after decapitation were cut into tis-
sue blocks along a frontal plane through the wvicinity of infundibu-
lum, cerebellum and brain stem and a lateral segment of medulla.
The tissue blocks were fixed for 24 hours in Baker’s formaline at
4°C and cut with a freezing microtome on the slices of 20 wm. The
histochemical reactions were performed on freely floating slices. For
the electron microscope examination the slices were prepared as fol-
lows. Immediately after decapitation the tissue blocks 1—1.5 mm thick
were taken from cerebral cortex, subcortical white matter, infundi-
bulum and area postrema. The blocks were fixed for 2 hours in the
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solution of glutaraldehyde in cacodyl buffer, pH 7.2, at 4°C
and washed overnight with 0.3 M sacharose in the same buffer. Next
day they were cut into blocks of about 1 mm3? and incubated together
with the slices prepared for a light microscope to demonstrate the
activities of the following enzymes: adenosinetriphosphatase (ATP-
-ase), cytidinetriphosphatase (CTP-ase) and inosinediphosphatase (IDP-
-ase) according to Wachstein and Meisel (1957), butyrylthiocholineste-
rase after Gerebtzoff (1953), and alkaline phosphatase as described by
Gomori (1953). Preincubation with a solution of ambenonium which
specifically inhibited acetylcholinesterase was also carried out.

After incubation the slices to be used for histochemical studies were
treated with a solution of amonium polysulfate, placed on the glasses
and covered with glicero-gel. The tissue blocks prepared for electron
microscopy were washed in saccharose and fixed additionally in a 2%
solution of osmium tetroxide in cacodyl buffer, pH 7.2. After routine
dehydratation the blocks were embedded in Epon 812, cut with the
use of ultramicrotome, and examined without counter staining under
a Tesla 500 BS electron microscope.

RESULTS
Light microscopy histochemical pictures

Activities of ATP-ase, CTP-ase and IDP-ase. In the control animals
a localization of the final product of histochemical reaction for the
above phosphatases was the same in general. The activities were
found in the capillary walls and in surrounding glia cells (Fig.
1). Positive reaction in glia was found mainly in the processes of
abundantly branched astroglia around capillaries. It was also present
in the processes of olidendroglia of white matter (Fig. 2). Glial cyto-
plasm was free of the enzymes activities. In the places where pro-
cess come off the cell body and along the processes coarse granules
of a final product of the enzymes reaction were found. In the glial
processes the most intense enzyme reaction was obtained when using
CTP as a substrate. The intensity of the reaction in glial cells was
shown to be different in different regions. The reaction in the sur-
face layers of cortex was rather slight while in the deeper layer and
on the border between cortex and subcortical structures it was signi-
ficantly more intense. The positive reactions outlined the cell and
nuclear membranes of neurccytes (Fig. 3). The positive reaction was
also found in erythrocytes enclosed in capillaries. In the walls of
choroid plexus capillaries the reaction of all the hydrolases was very
strong. Because of its high intensity it was not possible to deter-
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mine with the use of light microscope in which elements of the wall
it is localized. Epithelial cells of choroid plexus showed no histc-
chemical reaction (Fig. 4). There were no differences between loca-
lization and intensity of the reaction in area postrema capillaries as
compared to the capillaries of other regions of the central nervous
system.

The most profound differences in the enzymes activities were de-
monstrated in the brains of animals kept in technical nitrogen (group
3). Less pronounced changes were found for the animals kept at 4%
of oxygen (group 2) and least of all in rats under 8% of oxygen
(group 1).

At the same time direction and dynamics of the changes were sim:-
lar in all three groups. ATP-ase reaction changed to some extent dif-
ferently in comparison with the reaction for two other enzymes. In
the animals of group 3 which were decapitated immediately after 20
and 30 min hypoxia in pure nitrogen, intensity of the reaction was
increased both in the capillary walls and in glial processes surro-
unding the capillaries (Fig.'5). The reaction of very high intensity

Fig. 1. Borderline between brain cortex and corpus callosum. Dense network
of capillaries and glial processes with positive enzyme reaction. Control 1at.
CTP-ase. X 200.

Ryc. 1. Pogranicze kory moézgu ze spoidiem wielkim. Gesta sie¢ maczyn i wy-
pustek komorek glejowych wykazujacych dodatni odczyn enzymatyczny. Sazczur
kontrolny. CTP-aza. Pow. 200 X.

Fig. 2. Corpus callosum. Positive histochemical reaction in capillary walls and
the processes of oligodendroglia. Control rat. CTP-ase. X 400.
Ryc. 2. Spoidlo wielkie. Dodatni odczyn enzymatyczny w $cianach naczyn i wy-
pustkach oligodendrocytéw. Szczur kontrolny. CTP-aza. Pow. 400X.

Fig. 3. Brain cortex. Positive histochemical reaction in capillary walls, the pro-
cesses of glial cells and neurons. Control wat. X 400.
Ryc. 3. Kora moézgu. Dodatni odczyn enzymatyczny w $cianach naczyn oraz
w wypustkach komorek glejowych i w komoérkach nerwowych. Szczur kontrol-
ny. IDP-aza. Pow. 400 X.

Fig. 4. Choroid plexus. Positive histochemical reaction in capillary walls. Ne-
gative reaction in plexus epithelium. Control rat. ATP-ase. X 200.

Ryc. 4. Splot naczyniéwkowy. Dodatni odczyn enzymatyczny w s$cianach naczyn.
Komorki nablonka negatywne. Szczur kontrolny. ATP-aza. Pow 200 X.
Fig. 5. Increased enzyme activity in capillaries and glial processes. Cortico-
-subcortical border. Zero time after 30 min hypoxia in nitrogen. ATP-ase. X 200.
Ryec. 5. Wzmozenie aktywno$ci enzymatycznej w naczyniach i wypustkach gle-
jowych. Pogranicze substancji szarej i bialej. Czas ,0” po 30 minutowym nie-
dotlenieniu w azocie. ATP-aza. Pow. 200 X.

Fig. 6. Enzyme activity in nuclei of glial cells, 2 hours after hypoxia. Cortico-

-subcortical junction. ATP-ase. X 200. :
Ryc. 6. Aktywnos¢ enzymatyczna w jadrach komérek glejowych u zwierzat po
przezyciu 2 godz. po niedotlenieniu. Pogranicze istoty szarej i bialej. ATP-aza.
Pow. 200 X.
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was demonstrated in corticosubcortical junction and in glial proces-
ses of the white matter. In the capillary walls the intensity of reac-
tion was distributed unequally. Different segments of the same capil-
lary show either high -or low histochemical reaction intensity. In pa-
rallel, some capillaries showed high and others low intensity of reac-
tion. In the brains of ‘animals decapitated at 10 and 30 min and 1 and
2 hours after hypoxic episode increased ATP-ase reaction was obser-
ved only in the glia around capillaries with only slight reaction found
in capillary walls. In the brains of animals which were decapitated
after two hours from the end of hypoxia relatively well-marked his-
tochemical reaction was seen in cytoplasm and nuclei of glial cells
(Fig. 6), and occasionally of nerve cells as well. At 2 and 4 hours af-
ter hypoxia the reaction in astrocytic processes changed from granu-
lar to diffuse. Histochemical picture of the animals decapitated at 24
and 48 hours after hypoxic episode showed no differences from the
picture of control animals.

CTP-ase activity and in smaller degree that of IDP-ase was signi-
ficantly increased in glial cells of the animals decapitated immedia-
tely after hypoxia and located mainly in their processes around ca-
pillaries with concomitant decrease of the reaction in the walls of
small vessels and capillaries (Fig. 7, 8). This decrease was especially
marked in the surface layers of brain cortex, in Amon’s horn and in
cerebellar cortex. At 10 and 30th min after hypoxia enzyme activity
remained increased in astrocyte processes around -capillaries while
that located in capillary walls decreased. The identical picture of his-
tochemical reaction in capillaries and glia surrounding them was ob-
served at 1, 2 and 4 hours after hypoxia. At 24 and 48 hours after
hypoxic episode histochemical picture of the brain was found to be
not different from the picture of control animals. Histochemical chan-
ges in choroid plexus after hypoxia demonstrated as the slight and
difficult for interpretation decrease of ATP-ase, CTP-ase and IDP-
-ase activities in capillaries. At each time after hypoxia no differences
in the localization and intensity of the histochemical reactions were
found in capillaries and glia of area postrema.

Butyrylcholinesterase activity (BChE). The histochemical reaction of
this enzyme in different brain regions of control animals was seen ex-
clusively in capillary walls, revealing a dense capillary network of
grey matter (Fig. 9) and less dense one in white matter. Slight, rather
diffuse histochemical reaction outlined the capillaries showing seg-
mental accumulation of granular end-products of the reaction. The
accumulation was seen especially clearly in the places of capillary
branchings. BChE reaction was not found in choroid plexus.
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The brains of animals decapitated immediately at 20 and 30 min
of hypoxia in pure nitrogen showed change of the reaction from dif-
fuse to granular. What more the segmental accumulation of granular
reaction end-product in the capillaries was more profound (Fig. 10).
A similar histochemical picture but not so clearly cut was found to
be typical for the animals from two other groups and for animals
of all three groups at 10 and 30 min after hypoxia. At 2 hours after
hypoxia histochemical reaction of capillary walls disappeared nearly
completely. The shapes of capillaries were only slightly outlined. Gra-
nular histochemical reaction was found only in the segments where
accumulation of granular products was previously seen (Fig. 11).

Alkaline phosphatase activity. In the brains of control animals the
enzyme activity was found only in capillaries and in choroid plexus.
In neurons and neuropil the activity was absent. Histochemical reac-
tion which outlined only a capillary network of the brain makes it
possible to show the differences in angioarchitecture of different for-
mations of the nervous system. It is interesting to note a rich vascu-
larization of area postrema with the reaction located in capillary mem-
branes. Also the differences in the reaction intensity of vasculatore
of grey and white matter was seen. The walls of grey matter capilla-
ries showed much higher intensity of the histochemical reaction. The
intensity was much higher in capillaries than in arterioles. In capil-
lary walls the end-product of histochemical reaction was evenly dis-
tributed. Only in some segments the distribution was unequal what
gave the impression of condensation of the reaction in individual ern-
dothelial cells (Fig. 12). In choroid plexus the enzyme activity was
found only in capillary walls.

Hypoxia alone decreased the histochemical reaction of the enzyme
(Fig. 13) in the brain. It concerned first of all the surface capillaries
of brain cortex. Diminution of the histochemical reaction blured the
border lines between different endothelial cells of capillaries. The
outlines of the capillaries were less distinct and in some segments
they merged with the background. Decrease of the reaction was also
seen in choroid plexus. At 10 and 30 min and 1, 2 and 4 hours after
hypoxia the enzyme activity remained decreased in capillaries walls
as compared to control. In these animals the most profound changes
were found in the capillaries of white matter. Segmentary, the capil-
laries showed only traces of the enzyme activity, in other parts it
was not seen at all. In area postrema the histochemical reaction re-
mained unchanged. Vascularization of the brain at 24 and 48 hours
after hypoxia was identical to control one.
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Histochemical picture in electron microscope

For electron microscope examination the material was taken only
from control animals and from rats subjected to hypoxia in which
the changes in light microscope picture were found.

ATP-ase, CTP-ase and IDP-ase activity, In control animals the ac-
tivity of the above enzymes had the same localization. End-product
of the histochemical reaction was seen in a basal membrane of capii-
laries, on the glia cells membranes and on ‘the surface of erythrocytes
enclosed in capillaries (Fig. 14). It was also found on the nuclear
membranes of glial cells and neurons and in Golgi apparatus of the
nerve cells (Fig. 15). The only difference between area postrema and
other regions of the brain was an accumulation of the end-product
of histochemical reaction of the three enzymes in endothelial cells of
capillaries and its absence in a basal membrane (Fig. 16).

After 30 min hypoxia in pure nitrogen increased amount of granu-
lar product of ATP-ase activity was found. The most intensive con-

Fig. 7. Strong histochemical reaction in capillaries of brain cortex and slight
reaction in glial processes. Control rat. IDP-ase. X: 400.
Ryc. 7. Silny odczyn enzymatyczny w naczyniach kory moézgu i stabszy w wy-
pustkach glejowych. Szczur kontrolny. IDP-aza. Pow. 400 X.
Fig. 8. Strong histochemical reaction in glial processes and the slight reaction
in capillaries. Zero time after 30 min of hypoxia in mnitrogen. IDP-ase. X 400.
Ryc. 8. Silny odczyn enzymatyczny w wypustkach komérek glejowych i staby
w naczyniach. Czas ,0” po 30 minutowym mniedotlenieniu w azocie. IDP-aza.
Pow. 400 X.
Fig. 9. Brain cortex. Enzyme activity in capillary walls. Control rat. BChE-ase.
X 200.
Ryc. 9. Kora moézgu. Aktywnos$é enzymatyczna w $cianach naczyn. Szczur kontrol-
ny. BChE-aza. Pow. 200 X.

Fig. 10. Brain cortex. Increased enzyme activity in capillary walls. Granular
reaction products. Zero time after 20 min hypoxia. BChE-ase. X 400.
Ryc. 10. Kora mozgu. Wzrost aktywnos$ci enzymatycznej w $cianach naczynia.
Ziarnisty produkt reakcji. Czas ,0” po 20 minutowym niedotlenieniu. BChE.
Pow. 400 X.

Fig. 11. Brain cortex. Decrease of enzyme activity, 30 min after hypoxia. BChE.
X 400.

Ryc. 11. Kora mozgowa. Spadek aktywno$ci enzymatycznej w naczyniach zwie-
rzat, ktoére przezyly 30 minut po niedotlenieniu. BChE. Pow. 400 X.
Fig. 12. Brain cortex. Strong enzyme activity in capillary wall. Control rat.
APh. X 400.

Ryc. 12. Kora mézgu. Szczur kontrolny. Silna aktywno$é enzymatyczna w $cia-
nie naczyniowej. FZ. Pow. 400 X.

Fig. 13. Brain cortex. Decreased enzyme activity in capillary walls. Zero time
after hypoxia. APh. X 400.

Ryc. 13. Kora mozgu. Czas ,0”. Oslabienie aktywnosci w $cianach naczyn. FZ
Pow. 400 X.
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densation of it was in the endothelial cells of capillaries. It was de-
monstrated not to be present in a basal membrane (Fig. 17). Simi-
larly, products of reaction of CTP-ase and IDP-ase were also found
in capillary walls. They were present as well in the nuclei of astro-
cytes (Fig. 18) and nerve cells. The histochemical reaction of the three
enzymes in area postrema was marked in capillary endothelial cells
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and in the membranes of surrounding glia (Fig. 19). In the brains of
animals which were decapitated at 10 and 30 min after hypoxia epi-
sode a significant decrease in the activities of the three enzymes was
observed in the regions of the central nervous system in which
a blood brain barrier (BBB) features are and are not present (brain
cortex and area postrema, respectively). In brain cortex the end-pro-
ducts of the enzymes activities were found in the endothelial cells
of some capillaries and on the membranes of adjoining glial cells
(Fig. 20) while in area postrema a few granules were in intermem-
brane spaces which separated a capillary basal membrane from the
processes of adjoining glial cells (Fig. 21). At 2 and 4 hours after hy-
poxia the products of the enzymes reaction were present in an inter-
membrane spaces surrounding a capillary which suggested that they
were in some relation with glial cell membranes. In case of area post-
rema reaction products were located in capillary endothelium inter-
cellular spaces and in cell nuclei. In every experimental group the
micropinocytosis in capillary endothelium was more intensive. At 24
hours after hypoxia in the regions of the brain having BBB the high-
est accumulation of the products of the enzymes reaction was ob-
served in a capillary basal membrane and they were rarely accumu-
lated in endothelium. In area postrema they were found only in the
endothelial cells. Localization of the products of the activity of the
three enzymes was the same as in control animals.

Activity of butyrylcholinesterase and alkaline phosphatase. In con-
trol animals reaction products of the enzymes activity were localized

Fig. 14. Brain cortex. Product of enzyme reaction in basal membrane, membra-
nes of surrounding glia and on surface of erythrocytes. Control rat. IDP-ase.
X 7000.

Ryc. 14. Kora mozgu. Szczur kontrolny. Produkt reakcji enzymatycznej w blonie
podstawnej i blonach przylegajacego gleju oraz na powierzchni krwinek. IDP-
-aza. Pow. 7000 X.

Fig. 15. Brain cortex. Product of histochemical reaction in channels of Golgi
apparatus of a neuron. Control rat. CTP-ase. X T7000.

Ryc. 15. Kora moézgu. Szczur kontrolny. Produkt reakcji enzymatycznej w kana-
lach zespolu Golgiego neuronu. CTP-aza. Pow. 7000 X.

Fig. 16. Area postrema. Presence of reaction product in endothelium and its
absence in basal membrane. Control rat. ATP-ase. X 9000.

Ryc. 16. P6lko krancowe. Szczur kontrolny. Produkt reakecji w S$rodblonku i jego
brak w blonie podstawnej. ATP-aza. Pow. 9000 X.

Fig. 17. Brain cortex. Product of histochemical reaction in capillary endothelium.
Zero time after 30 min in nitrogen. ATP-ase. X 9000.

Rye. 17. Kora mozgu. Czas ,,0” po 30 minutach w azocie. Produkt reakcji enzy-
matycznej w Srodblonku wilosniczki. ATP-aza. Pow. 9000 X.
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Fig. 18. Brain cortex. Product of histochemical reaction in astrocytic nucleus
and its slight accumulation in endothelial cells. Zero time after 30 min in nitro-
gen. CTP-ase. X 7000.

Ryc. 18. Kora moézgu. Czas ,0” po 30 minutach w azocie. Produkt reakcji enzy-
matycznej w jadrach astrocytéw i jego slabe nagromadzenie w komoérkach $rod-
blonka. CTP-aza. Pow. 7000 X.
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exclusively in the endothelial cells of capillaries and on the border
line between these cells and a basal membrane. The distribution of
the reactions products was different in the brain regions which show
and do not show the BBB. The plentiful deposition of the reaction
products of both enzymes were found to be more abundant in the
capillaries of brain cortex than in area postrema.

In the brains of animals decapitated immediately after hypoxia
and at 10 min after hypoxia the activities of both enzymes were loca-
lized similarly as in the control animals but the amount of granular
reaction products was evidently smaller. The same decrease of both
histological reactions was observed at 2 and 4 hours after hypoxia
in the brain regions with and without BBB. At 24 and 48 hours affer
hypoxia the localization and intensity of both histological reactions
were identical with the ones in the control animals.

DISCUSSION

The present observation demonstrate that transitory hypoxia leads
to the changes in localization and intensity of the histochemical re-
actions of the enzymes which are thought to be involved in regula-
ting the active transport in tissue-vascular junction of the central
nervous system (Shimizu, 1950; Samorajski, McCloud, 1961; Torack,
Barnett, 1964; Schwartz et al., 1976). The basic pattern of the chan-
ges was similar in all experimental groups with the intensity of the
changes being however different and depending on the severity of
oxygen deficiency produced by using different oxygen concentrations
in the gas mixtures under which the animals were kept. The most
evident changes were found in the brain of experimental animals

Fig. 19. Area postrema. Reaction product in capillary endothelium and on the
membranes of surrounding glia. Zero time after 30 min in nitrogen. CTP-ase.
X 7000,

Ryc. 19. Polko krancowe. Czas ,0” po 30 minutach w azocie. Produkt reakcji
w S$rodblonku wlosniczki oraz mna blonach przylegajacego gleju. CTP-aza. Pow.
7000 X.

Fig. 20. Brain cortex. Product of histochemical reaction in endothelial cells and

on membranes of surrounding glia, 10 min after hypoxia. CTP-ase. X 7000.

Ryc. 20. Kora mozgu. 10 minut po niedotlenieniu. Produkt reakcji enzymatycz-

nej w komorkach s$rodblonka i na blonach przylegajacego gleju. CTP-aza. Pow.
7000 X.

Fig. 21. Area postrema. Product of histochemical reaction in spaces separating
capillary basal membrane from surrounding glial processes. IDP-ase. X 7000.

Ryc. 21. Polko krancowe. 30 minut po niedotlenieniu. Produkt reakecji enzyma-
tycznej w przestrzeni oddzielajacej blone podstawna wlosniczki od otaczajacych
ja wypustek komorek glejowych. IDP-aza. Pow. 7000 X.
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which were kept in technical nitrogen. The dynamics of the develop-
ment of histological abnormalities in time makes it possible to diffe-
rentiate the early changes found immediately after hypoxia and at 10
and 30 min after it, from the late changes which developed at 2 and
4 hours after hypoxia. At 24 and 48 hours after hypoxic episode the
histochemical picture was the same as in the control animals what
demonstrates the reversibility of the observed abnormalities.

It is important to note the differences in the changes of the enzy-
mes activities under study in respective times after hypoxia. Imme-
diately after hypoxic episode the increased ATP-ase activity was ob-
served in capillary walls and in the processes of surrounding glial
cells as well, while the increase of CTP-ase and IDP-ase activities
was found only in glial processes with the parallel decrease of their
activities in capillary walls. In that time the electron microscope pic-
ture demonstrated the maximum accumulation of histochemical reac-
tion products in the endothelial cells with it concomitant decrease
in a basal membrane. These changes were more profound in the his-
tochemical reaction for ATP-ase as compared to the other nuclenside
phosphatases. At 10 and 30 min after hypoxia the histochemical pic-
ture of the reaction of ATP-ase, CTP-ase and IDP-ase was similar
and showed the reactions decrease in capillary walls with their increa-
se in glial cells surrounding them. At later times after hypoxia (1—4
hours) the histochemical picture in light and electron microscopes
did not show any additional changes of capillary reactions. On the
other hand, the picture of surrounding glial cells changed as demons-
trated by the appearance of deposition of reaction products in spa-
ces separating the adjoining membranes of glial processes around ca-
pillaries which was seen in the electron microscope.

At the times when the light microscope histochemical picture was
returning to normal the reaction products of ATP-ase, CTP-ase and
IDP-ase activities seen in electron microscope were localized mainly
in a basal membrane of capillaries but were also found in the cyto-
plasm of endothelial cells. Slightly different were changes of butyryl-
cholinesterase and of alkaline phosphatase activities found exclusively
in capillary walls (Bannister, Romanul, 1963). Immediately after hy-
poxia the decrease in intensity of histochemical reactions of both en-
zymes was seen in light and electron microscopes which continued
for up to 4 hours after hypoxia.

The pattern of histochemical changes for the regions which do not
show BBB features (choroid plexus and area postrema) in our stu-
dies was different. In area postrema the light microscope picture de-
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monstrated no changes of ATP-ase, CTP-ase and IDP-ase activities
at different times after hypoxia. In electron microscope the deposits
of the reactions end-products were localized in capillary endothelium
in both control and experimental animals. After hypoxia they were
only a bit more scanty.

Instead, the plentiful deposits were found in spaces which separa-
ted a capillary basal membrane from the surrounding glial processes
and glial processes one from another. The activities of butyrylcholin-
esterase and alkaline phosphatase did not change significantly. After
hypoxia the capillaries of choroid plexus showed the moderate decre-
ase of the reactions of specific phosphatases and of unspecific alka-
line phosphatase.

The changes presented in this paper are different to some extent
from those observed previously as a result of hypovolemic hypoxia
in rabbits (Ostenda et al., 1977) or of CO intoxication in rats (Szu-
manska et al.,, 1976). In case of the former only the changes in locali-
zation of the reaction end-products with the intensity of histochemi-
cal reactions being unchanged were observed, and in anemic hypox‘a
localization was unchanged and only the intensity of the reaction var-
ied. The histochemical abnormalities developing as a result of hypo-
xic hypoxia combine in some measure the changes produced
by hypovolemic and anemic hypoxia as demonstrated by the changes
of both, localization and intensity of the histochemical reactions. The
most profound changes were observed at the times when the abnor-
malities of the brain circulation developed, as demonstrated previo-
usly by Wierzba (1977) for the same experimental model of hypoxia.
The abnormality of blood flow in the brain being a result of chan-
ges in systemic hemodynamics, a decreased blood pressure and distur-
bances of authoregulatory mechanisms of the brain circulation trig-
gered by hypoxia may lead to the accumulative effects of the hypoxic
and ischemic components.

It is important to note a distinct character of increased ATP-ase
activity in the elements of tissue-vascular junction in comparison to
the activities of the other enzymes. The similar changes were repor-
ted by Arsenio-Nunes et al. (1973) in the experiments with cat in
which the brain ischemia was produced by ligation of subclavian and
innominate arteries combined with decreased systemic arterial blocd
pressure. In their experiments the increase of ATP-ase activity in ca-
pillary walls and surrounding glia was not accompanied by the chan-
ges in the activities of alkaline phosphatase and IDP-ase but by increa-
sed IDP-ase reaction in glia. With the increase of ATP-ase activity
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in capillary walls a pinocytosis in capillary endothelium also inten-
sified which all together was assumed to demonstrate an increase
of an active transport. The same interpretation may be used for ex-
plaining our findings. The role of ATP as an energy sounce for trans-
porting ions through the biological membranes is widely recognized.
Adequate biochemical data show the interrelationship between the
perturbations in active transport and changes of ATP-ase activity
found under hypoxia (Stasny et al, 1971; Purshottam, Ghosh, 1972;
1975; Stahl, Broderson, 1976; Schwartz et al., 1976). The dependence
of the changes of ATP-ase activity and ATP concentration on the se-
verity of oxygen defficiency was emphasized. Purshottam and Ghosh
(1972, 1975) found ATP of the rat brain to decrease when oxygen
concentration in respiratory gas mixture was below 5 per cent. When
the percentage content of oxygen was higher no such changes were
observed. This relationship is further supported by differences in
the dynamics of changes of ATP-ase activity when producing oxygen
defficiency of various severity. In the light of Schiffer’s observations
(1973) it may be assumed that the changes of the nucleotide phospha-
tases in glia surrounding capillaries are the indicator of the transport
enhancement in glial cells.

G. Szumanska, M. Ostenda

HISTOCHEMICZNE ZMIANY ZEACZA NACZYNIOWO-TKANKOWEGO
W MOZGU SZCZURA W NIEDOTLENIENIU HIPOKSYJNYM

Streszczenie

Badano aktywnos$é¢é fosfataz nukleozydowych: adenozynotroéjfosfatazy (ATP-azy),
cytozynotrojfosfatazy (CTP-azy) oraz inozynodwufosfatazy (IDP-azy) w zlgczu na-
czyniowo-glejowym w moézgu w warunkach niedotlenienia hipoksyjnego o réznym
nasileniu. Przeprowadzono poréwnanie aktywnosci enzymatycznej w naczyniach
w obszarach mézgu z barierg i pozbawionych bariery krew-moézg. Najwieksze na-
silenie zmian stwierdzono u szczuré6w poddanych niedotlenieniu w atmosferze
czystego azotu: wystapilo wzmozenie aktywnos$ci ATP-azy i CTP-azy, w mniej-
szym stopniu IDP-azy, w gleju okolonaczyniowym przy réwnoczesnym oslabieniu
odczynu w $cianach maczyn wlosowatych, w okresie od 10 min do 2 godz. po
przebytym niedotlenieniu.

W badaniach mikroskopowo-elektronowych stwierdzono obecnosé¢ produktu
reakecji w $rodblonku kapilar6w, przy rownoczesnym jego braku w blonie pod-
stawnej. W okresie 24—48 godzin po niedotlenieniu lokalizacja fosfataz nukleozy-
dowych powracala do stanu prawidlowego. W bezbarierowych okolicach moézgu
opisane zmiany nie wystepuja. Zmiany aktywnosci fosfataz nukleozydowych
w S$cianach maczyn oraz w gleju okolonaczyniowym mozna traktowaé jako wyraz
zwigkszenia czynnego transportu.
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I'. lllymaubcka, M. OcTenga

TUCTOXMMMUYECKUE UBMEHEHUS COCYJIUCTO-TKAHEBOTIO COEIMHEHUSA
B MOITE KPBICEI B I'MIIOKCUYECKOM TUITOKCUU

Pe3zwMme

Uccnerosanyu akKTUMBHOCTbL HYKJE03UMI0BbIx @ocdaTas (ameHo3mHTpuUdocdaTasbl
AT®-a3pl, uuTosuuTpudocdarassr — LUTP-a3bl u unosuuaudgocdarasor — UJP-a3bl)
B COCYJAMCTO-TJIMAJbHOM CO€JAMHEHMM MO3ra B YCJOBUAX TI'MIIOKCUMYECKON TI'MIIOKCUH
pa3HOM MHTeHCUBHOCTM. IIpOBOAMIIOCH CpaBHEHME 9H3UMATUYECKON AaKTUBHOCTHM B CO-
cynax 6GapbepHbIX M JMIIEHHbIX Oapbepa payoHax MoO3ra.

Camasa 6osbliasi MHTEHCMBHOCTb M3MEHEHMI 00HapyXXuBajau y KpbIC, ITOABEPrHY-
TBIX TMIIOKCMM B aTMocdepe dYMCTOTO a30Ta: MMEJIO MeCTO YCHJIeHMe peaKlui
AT®-a3er u IITP-a3b1, 1 B Menbllein crenenyu, MJP-a3bl B NepPUBACKYIAPHON TIJINK
C OJHOBPEMEHHBIM CHMIKEHMEM DpeakluMu B CTEHKax KalmMJIAPOB, MCCJIeJAOBAaHHBIX
coyers 10 My — 2 yaca TOCJe TUIOKCHMM. DJIEKTPOHHOMMKPOCKOIIMYECKOe MCCJeno-
BaHMe 00HApPYXRMJIO0 HAXIMuMe NPOAYKTa peakKUMM B SHAOTEIMM KANUIJIAPOB C €ro
OQHOBPEMEHHBLIM OTCYTCTBMEM B OazanbHoi MemOpane.

Cnycrss 24—48 wyacoB JOKaJaM3auus HYKJEO3UAHOBbIX ¢ocdaras Bo3Bpaljaercs
K Hopme. B 6e3bapbepubix paioHax Mo3ra ONMCaHHble M3MeHEHMA He OOHapyXu-
BalOTCA.

VI3mMeHeHusa aKTUMBHOCTM HYKJIEO3UJOBBIX hocdara3 B CTEHKAxX COCYyJIOB M B IlepuU-
BaCKyJfAPHOJM TJMM MOINKHA pacleHuBaTb KaK I[10Ka3aTesjlb yCUMJIeHMA aKTUBHOIO
TpaHCIIOPTA.
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MARIA OSTENDA, ROMAN GADAMSKI

PERMEABILITY OF CEREBRAL VESSELS TO HORSERADISH
PEROXIDASE IN MONGOLIAN GERBILS
(MERIONES UNGUICULATUS) AFTER UNILATERAL LIGATION
OF THE COMMON CAROTID ARTERY

I. EARLY CHANGES

Department of Neuropathology, Medical Research Centre Polish Academy
of Sciences, Warszawa

The Mongolian gerbil (Meriones unguiculatus) has been introduced
for investigations on brain ischemia by Levine and Payan (1966). In
30 per cent of the animals there occurs regularly a developmental
abnormality of the circulus Willisi. Owing to this, after unilateral li-
gation of the common carotid artery, the homolateral brain hemisphe-
re is damaged (Kahn, 1972). The arising ischemia and its consequences
have been described in numerous papers dealing among other things
with histopathological and electron-microscopic changes in the brain
(Ito et al., 1975; Klatzo, 1975; Bubis et al.,, 1976). It results from the
reported observations that in the ischemic hemisphere severe abnor-
malities appear leading to impairment of the barrier mechanisms and
further to development of edema and tissue necrosis. The severity of
the pathological changes depends on the duration of the ischemic
episode and the time elapsed after it.

The mechanism of development of postischemic changes, the con-
ditions causing edema and the problem of reversibility of these chan-
ges have not yet been fully elucidated. It seemed useful, therefore,
to analyse the permeability of the cerebral vssels to horseradish pe-
roxidase in animals subjected for a short time to occlusion of the
common carotid artery and to follow the dynamics of this process in
the early postischemic stages.

MATERIAL AND METHODS

Mature Mongolian gerbils of both sexes weighing 70—90 g were
used for the experiments. The skin of the animals was incised on the
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neck under superficial ether anesthesia and the left common carotid
artery was isolated from the exposed left neurovascular bundle and
clamped atraumatically for 15 min. The occlusion was then released
and the wound was closed by a suture. After awakening of the ger-
bils, their behavior was evaluated according to the clinical features
described by Kahn (1972). The animals showing clinical symptoms
received horseradish peroxidase according to the method of Bright-
mann in the modification of Westengaard (Westergaard, Brightmann,
1973): 2, 6, 24 and 48 h after ischemia. Horseradish peroxidase (Sig-
ma, type II) was administered in doses of 3.5 mg per animal in 0.5
ml of 0.9% NaCl solution. After 30 min the gerbils were perfused
under superficial anesthesia with a solution consisting of 60 ml 25
per cent glutaraldehyde, 120 ml cacodylate buffer, pH 7.2 and 120
ml distilled water with 1.5 g calcium chloride added. The skull was
opened and the intact brain was removed and stored overnight in the
perfusion fluid with glutaraldehyde added in the proportion 1 part
glutaraldehyde: 2 parts of perfusion fluid. The next day the brain
was cut into 2-mm blocks in the frontal plain. The blocks were pla-

Fig. 1. Left hemisphere (ischemic). Two hours after ischemia. Electron dense

deposits corresponding to the peroxidase reaction product are visible on the

surface of the capillary endothelium and in the neighbouring intercellular spa-
ces (arrows). X 7000.

Ryc. 1. Poétkula lewa (niedokrwiona). Dwie godziny po przebytym niedokrwieniu.

Zlogi elektronooptycznie geste, odpowiadajace produktowi reakcji peroksydazy

znajduja sie na powierzchni $rodblonka wilosniczki oraz w sasiadujacych z nia
przestrzeniach miedzykomoéorkowych (strzaitki). Pow. 7000 X.
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ced in Tris buffer pH 7.2 with 0.3 ml glucose added and shaken on
an electric shaker at room temperature for 1 h, then incubated in
the following solution: Tris buffer pH 7.2 40 ml, diaminobenzidin 20
mg, glucose 14.4 mg for 2 h at +4°C. After incubation the small
tissue blocks from the hippocampus, the fronto-parietal cortex and
the striatum were taken for the electron microscopic study. Sections
with a visible positive reaction in the vessels were chosen from both
hemispheres, as far as possible, symmetrically. The tissue were pre-
pared as for routine investigations in the electron microscope. Tesla
BS 500 electron microscope was used for the observations and micro-
photographs.

RESULTS

In the left (ischemic) brain hemisphere 2 h after release of the oc-
clusion of the common carotid artery electron dense masses corres-
ponding to the peroxidase reaction products were observed on the sur-
face of capillary endothelial cells, pinocytic pits and single
pinocytic vesicles in the endothelial cytoplasm (Figs 1, 2). The depo-
sits of the reaction products were also found in the intercellular spa-
ces in the neighbourhood of the capillaries (Figs 1, 2, 3). The astro-
cytic processes showed in this period a considerable reduction of the
electron density. In the right (control) hemisphere electron dense de-
posits were noted in this period in the intercellular spaces (Fig. 3).
The endothelial tight junctions were sometimes filled with electron
dense masses (Fig. 3), the latter, however, were not seen to pass to
the basal membrane.

After 6 h, the peroxidase reaction product was found less fre-
quently in the intercellular spaces. Enhanced pinocytosis was obser-
ved in the endothelium of some capillaries (Fig. 4). The endotheiial
junctions remain tight. After 24 h deposits of the reaction product
were only visible on the endothelium surface and in the pinocytic
pits (Fig. 5). Changes in many astrocytes, particularly pronounced in
the neighbourhood of the vessels, were noted after 48 h. The cyto-
plasm of the perivascular astrocytic processes was wattery in appea-
rance; it contained but few organelles: mitochondria with a dark mat-
rix, vacuoles, vesicles and cytoplasmic membranes (Fig. 6). In the
numerous astrocytic processes advanced degenerative changes were
observed: an increased amount of dense bodies, the presence of va-
cuoles, fatty and membraneous bodies (Fig. 7). Such changes were
found in both hemispheres — the ischemic and the controlateral one.
In neither hemisphere were peroxidase reaction product deposits re-
vealed at this time in the intercellular spaces.
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Fig. 2. Left hemisphere (ischemic). Two hours after ischemia. Depasits of reac-

tion product in capillary endothelium and in intercellular spaces adjacent to the

vessel wall (arrow). Several pinocytic vesicles in endothelium contaiiing electron-
-dense deposits. X 9000.

Ryc. 2. Potkula lewa (niedokrwiona). Dwie godziny po niedokrwieniu. Zlogi pro-
duktu reakcji znajduja sie w $rodblonku wlosniczki oraz w preestrzeni mie-
dzykomorkowej przylegajacej do $ciany naczynia (strzatka). Kilka pecherzykow
pinocytarnych w $roédblonku, zawierajgcych optycznie geste zlogi. Pow. 9000 X.
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Fig. 4. Left hemisphere (ischemic). Six hours after ischemia. In capillary endo-
thelium pinocytic vesicles accumulate (P). X 7000.

Ryc. 4. Polkula lewa (niedokrwiona). Szes¢ godzin po niedokrwieniu. W $réod-
btonku wlosniczki gromadza sie pecherzyki pinocytarne (P). Pow. 7000 X.

DISCUSSION

The described observations indicate that short-lasting unilateral
brain ischemia in Mongolian gerbils leads to transitory disturbances
in vascular permeability to horseradish peroxidase. These changes
appear in the early postischemic period (2—4 h) and are manifested
by the passing of peroxidase from the capillaries to the perivas-
cular intercellular spaces. Noteworthy in this period is the electron-
-microscopic picture of the perivascular astrocytic processes. At a la-
ter time (24—48 h) horseradish peroxidase passes no more to the
intercellular spaces, but the perivascular astrocytic processes show

Fig. 3. Right hemisphere (control). Two hours after ischemia. Electron-dense

deposits fill tight junction (asterisks) without reaching the basal membrane. In

some intercellular spaces close to the capillary electron dense masses are visible
(arrows). X 7000.

Ryc. 3.- Polkula prawa (kontrolna). Dwie godziny po niedokrwieniu. Optycznie

geste zlogi wypelniaja zespolenie $ciste (gwiazdki), nie dochodzac do blony pod-

stawnej. W niektorych przestrzeniach miedzykomoérkowych w poblizu wlosniczki
znajduja sie masy optycznie geste (strzalki). Pow. 7000 X.
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il
Fig. 5. Left hemisphere (ischemic). 24 hrs after ischemia. Electron-dense depo-
sits are present only on endothelial surface. X 5000.

Ryc. 5. Pélkula lewa (niedokrwiona). 24 godziny po niedokrwieniu. Zlogi optycz-
nie geste znajduja sie jedynie na powierzchni $rédblonka. Pow. 5000 X.
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Fig. 7. Right hemisphere (control). 48 hrs after ischemia. In process (A) adhe-
ring to vessel numerous lysosome-like, fatty and membraneous bodies as weil
as vesicles and vacuoles are present. X 5000.

Ryec. 7. Potkula prawa (kontrolna). 48 godzin po niedokrwieniu. W wypustce (A)
przylegajacej do naczynia znajduja sie liczne ciala lizosomopodobne, ciala thlusz-
czowe, bloniaste, pecherzyki i wodniczki. Pow. 5000 X.

features of swelling and degenerative changes. The frequency of the-
se morphological changes was dependent on the region of the brain
examined. The changes were relatively frequent in the hippocampus,
and less so in the neocortex and striatum. Thus they were associa-
ted with a region particularly susceptible to circulatory disturban-
ces (Bubis et al., 1976; Mossakowski, Gadamski, 1977).

The difference between our observations and those of Klatzo (1975)
is noteworthy. This author did not note after 15 min of ischemia
any disturbance of the barrier permeability to Evans blue, and he
considered the late appearing vacuolar degeneration of the neuropil

Fig. 6. Right hemisphere (control). 48 hrs after ischemia. Close to capillary
astrocyte process (A) with low electron density, in it scarce organelles are visible,
not very well preserved, vesicles, membranes and fatty bodies. X 5000.

Ryc. 6. Poétkula prawa (kontrolna). 48 godzin po niedokrwieniu. Przy wlosniczce

wypustka astrocytu (A) o znacznej przeziernosci optycznej, widoczne sa w niej

nieliczne organelle, niezbyt dobrze zachowane, pecherzyki, blony, ciata tluszczowe.
Pow. 5000 X.

http://rcin.org.pl



626 M. Ostenda, R. Gadamski Nr 4

as an indication of cytotoxic brain edema. According to the defini-
tion, the cytotoxic edema occurs without impaining the barrier me-
chanisms for proteins (Klatzo, 1975). In the light of the quoted obser-
vations it would seem, however, that after an ischemic episode of
short duration, the permeability of the vessels to proteins changes
as early as after 2 h, preceding cytotoxic edema. The differences in
the results may probably be ascribed to the use of different markers
with different molecular weights. In the early period of ischemia the
blood-brain barrier becomes permeable to protein with a relatively
low molecular weight (40 000), while it remains fully impermeable
to proteins of higher molecular weight such as blood serum albu-
mins and globulins binding Evans blue. The differences in permeabi-
lity of the altered blood-brain barrier for proteins of various mole-
cular weights have been earlier demonstrated by Steinwall and Klat-
zo (1966).

Authors studying problems of the pathogenesis of the postische-
mic changes in the brain noted their biphasic nature (Klatzo, 1975; Ito
et al, 1976; Mrsulja et al., 1976). In the present material observa-
tions were carried out in the early phase when severe metabolic
disturbances associated with the sudden fall of the level of a num-
ber of high-energy compounds and disturbances of osmotic equili-
brium occur in the ischemic tissue (Klatzo, 1975; Mrsulja et al., 1975;
Ito et al, 1976). In the electron-microscopic pictures of the capil-
laries the transient increase in the number of pinocytic vesicles in
the endothelial cells is striking. It seems that the route of protein
penetration outside the vessels, at least in the--present experimental
model, is vesicular transport. Changes in the tight endothelial junc-
tions could not be revealed.

The degenerative changes in the astrocytes appearing in later ch-
servation periods (48 h) are probably not without effect on the barr-
iler mechanisms. Damage to the perivascular glia constituting an im-
portant element of the blood-brain interphase in the brain may in
consequence lead to insufficiency of the blood-brain barrier function,
as described in later periods after ischemia when severe damage of
tissue, of vascular origin appear (Klatzo, 1975).

A problem by itself is the relation between the observed changes
and postischemic brain edema. In early observation periods there ap-
peared in the brain first pictures typical for pre-edematous states
and then for cytotoxic edema. It seems that the above described oh-
servations may throw some light on the mechanism of development
of edema. An early, if not earliest, consequence of ischemia is an
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increased permeability of the vessels and water accumulation in the
astrocytic processes. When ischemia is prolonged edema develops, and
this in turn leads to changes in blood supply to the brain manifested
by blood stasis. When ischemia lasts long, a vicious circle mechanism
arises, since stasis leads to an increase of edema (Klatzo, 1975).

Extremely important from the point of wiew of clinical consequen-
ces is the problem of reversibility of the ischemic changes. The tissue
abnormalities found in our experimental model seem to be reversible
and at any rate do not leave any serious consequences. The changes
in permeability of the capillaries proved transient, and the changes
in cells, although severe were not extensive. The reversibility of the
process is also supported by observations of animals with effective
ischemia. The Mongolian gerbils as early as a dozen or so or several
score minutes after release of the clamps on the carotid artery sho-
wed no clinical symptoms. The morphological indication of return to
the initial state would be in the present matenial restitution of the
impermeability of the blood-brain barrier to horseradish peroxidase.
Complete regression of changes in the brain has been described even
after ischemia of long duration (Hossman, Kleihues, 1973).

The occurrence of changes in the permeability of blood vessels in
the brain hemisphere in which blood supply was not interrupted re-
quires a separative discussion. The increased permeability of the vas-
cular walls in the contralateral hemisphere may be explained by sta-
sis developing as a reflex result of hemodynamic disturbances. The
unfavorable influence of eventual changes in blood pressure in the
postischemic period cannot be ruled out (Ito et al., 1976). Most prc-
bable seems the pathogenic role of reflex disturbances of the mecha-
nism of brain vessels autoregulation. Evidence of this is supplied by
investigations of cerebral microcirculation in Mongolian gerbils after
unilateral ligation of the carotid artery (Mossakowski, Gadamski,
1978).

Evaluation of the results as whole indicates that even short las-
ting brain ischemia causes disturbances in the permeability of the
blood vessels, manifested in the permeation from the wvascular bed
to the tissue of certain proteins and in swelling of the perivascuiar
glial processes. Both these finding are indicators of damaged func-
tion of the blood-brain barrier. These disturbances are not severe
and reversible, they may, however, be the initial phase of deeper
changes observed in the brain at later stages of the postischemic
period.
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M. Ostenda, R. Gadamski

PRZEPUSZCZALNOSC NACZYN MOZGU CHOMIKOW MONGOLSKICH
(MERIONES UNGUICULATUS) DLA PEROKSYDAZY CHRZANOWEJ
PO JEDNOSTRONNYM PODWIAZANIU TETNICY SZYJNEJ WSPOLNEJ
1. ZMIANY WCZESNE

Streszczenie

Badania tkanki mobzgowej chomikéw mongolskich po jednostronnym podwig-
zaniu tetnicy wspélnej szyjnej wykazaly w 2—4 godz. po niedokrwieniu zwieksze-
nie przepuszczalnosci naczyn dla peroksydazy chrzanowej. Rownocze$nie obser-
wowano zmiany w astrocytarnych wypustkach okolonaczyniowych. W 48 godzi-
nie po niedokrwieniu stwierdzono zmiany w astrocytach, odpowiadajace weczes-
nym stadiom obrzeku cytotoksycznego. Stwierdzane zmiany wydaja sie odwra-
calne, moga jednak stanowi¢ poczatkowag faze glebszych zmian, wystepujacych
w poézniejszych okresach po niedokrwieniu.

M. Ocrengpa, P. 'agamcku

ITPOHUITAEMOCTB COCYJOB MO3TA MOHTOJBCKUX XOMAKOB
(MERIONES UNGUICULATUS) IJI XPEHOBOM ITEPOKCUJIA3BI IIOCIJIE
OJHOCTOPOHHEM IIEPEBA3KM OBIIEV COHHOM APTEPUU

I. Pauune u3MeHeHUA
PeszwomMme

UccnenoBanmusa MO3rOBOJ TKaHM MOHTOJBCKMX XOMSKOB IIOCJ€ OJHOCTOPOHHEM
nepeBaA3Ky OOIe)f COHHOM aprepuy OOHADPYRMIM CIyCcTdA 2—4 yaca nocje MCXEeMUn
yBeJIMIeHMe IIPOHULAEMOCTM COCYJOB AJA XPEHOBO¥M Tepokcuaasbl. OAHOBPEMEHHO
nabmonanuce M3MeHEHMsA B aCTPOLMTAPHBIX MEPUMBACKYJAPHBIX OTpocTKax. Ilocie
48 wacoB mocje ucxeMuy OOHAPYKMBAJIUCHL M3MEHEHMs B acTPOUMTaX, COOTBET-
CTBYIOLlIME€ PAHHUM CTAAUAM IMTOTOKCUYECKOro oreka. Ob6HapyKuBaeMble U3MEHEHMUS
KaxyTca ObITb 0OpaTMMbIMM, OAHAKO MOTYT OHM TPEACTABJIATL Ha4yaJbHYIO a3zy
b6onee ray6OKux M3MEHEHMI:, MMEOIIUMX MECTO B 60Jiee MO3AHME INEPUOABLI TIOCIe
UCXEeMUN.
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c.d. ze str. 582

Opisy i obrazy naczyn krwionosénych sa wynikiem badan prowadzonych drogg
nastrzykiwan tetnicy podstawnej w mposzczegdlnych grupach: tuszem, roztworem
baru i lateksem, przy réwnoczesnym podwigzaniu innych naczyn. Naczynia wy-
preparowywano pod lupa lub mikroskopem, po czym preparaty zanurzano w wo-
dzie dla unikniecia plamek odblaskowych, spadniecia mniejszych pni oraz utrzy-
mania w mnajbardziej naturalnym potozeniu i fotografowano pod réznym katem,
czesto stereoskopowo. Wykonywano tez zdjecia rentgenowskie. Powstal w ten
sposbb bogaty material fotograficzny, uzupelniony dla wiekszej przejrzystosci
schematycznymi rysunkami.

Autor opisuje zaréwno typowe unaczynienie jak i liczne warianty i anomalie,
z uwzglednieniem obrazu angiograficznego. Wynikaja z tego ciekawe implikacje
kliniczne. W dziale naczyniowym zajmuje sie réwmiez ,anastomozujacymi zylami
$sr6dmoézgowymi” lub inaczej ,zylami przezmdézgowymi” (transcerebral veins), pod-
kreslajac ich role w drenazu wyréwnawczym przy przejsciowym wzroscie prze-
plywu, co pozwala mna zréwnanie rbéznic cisnien droga odplywu do zyt pod-
wysciotkowych uktadu zyly Galena.

Osobng czes$¢ zwiazang $cisle z klinikg stanowi przeglad choréb naczyniowych
goérnego pnia moézgu, wymikajacych z niedrozno$ci tetnic i zyl. W ujeciu tabe-
larycznym podaje autor dokladne dane kliniczne i anatomopatologiczne przypad-
kéw opisanych przez poszczegblnych autorow. Wsérod mieszanych zespoléw tetni-
czych opisuje m.in. nastepstwa operacyjnego uszkodzenia, a takze przemieszcze-
nia poszczegdlnych tetnic spowodowane guzami okolicy szyszynki, oponiakami
namiotu, guzami wzgobrza, wodoglowiem itp. i ich obraz angiograficzny. Przegiad
zespolow zylnych okolicy gérmego pnia, zamykajacy te wczesé, obejmuje zakrze-
pice zyly Galena u czlowieka i niedroznos¢ doswiadczalng tej zyly oraz prze-
mieszczenia jej w nowotworach gérnego pnia moézgu (wzgobrza, komory III i jader
podstawy).

Publikacja imponuje dokladnoscia, oryginalng metodyka, rzetelnoscia wykona-
nia i przy tak wielostronnym ujeciu zagadnienia powinna zainteresowaé¢ nie tylko
neuroanatoma czy neuropatologa lecz takze specjalistow medycyny klinicznej —
zaro6wno meuroradiologa jak neurologa i neurochirurga. Warto wigczy¢é ja do
podstawowego ksiegozbioru, aby w razie potrzeby siegnaé po odpowiednia, jakze
wyczerpujaca informacje.

Doc. dr hab. B. I.. Imielinski
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MARIA OSTENDA, ROMAN GADAMSKI

PERMEABILITY OF CEREBRAL VESSELS FOR HORSERADISE
PEROXIDASE IN MONGOLIAN GERBILS
(MERIONES UNGUICULATUS) AFTER UNILATERAL LIGATION
OF THE COMMON CAROTID ARTERY

II. COMPARISON OF EARLY AND LATE CHANGES

Department of Neuropathology, Medical Researnch Centre Polish Academy
of Sciences, Warszawa

The present study is a further step in investigations on brain :s-
chemia in Mongolian gerbils. It results from earlier studies indicating
that soon after unilateral ligation of the common carotid artery the
permeability of the blood-brain barrier to horseradish peroxidase in-
creases (Ostenda, Gadamski, 1980). The investigations of Klatzo (1975)
demonstrated that intensity of the pathological changes in the brain
tissue depends on the duration of the ischemic episode and the pericd
elapsed after it. The present observations on the permeability of the
blood-brain barrier for horseradish peroxidase were, therefore, per-
formed in various periods of ischemia and at various stages after it.

The aim in view was to establish the relation between early chan-
ges in the blood-brain barrier permeability and brain edema appearing
in later periods after ischemia.

MATERIAL AND METHODS

The operative procedure of common carotid artery ligation is de-
scribed in the preceding paper (Ostenda, Gadamski, 1980) and so is the
method of peroxidase administration (Westergaard, Brightmann, 1973).
Horseradish peroxidase was administered in the following periods
after 15-min ischemia: 48 h, 5 and 7 days, and after 30-min ischemia:
2, 6, 24 and 48 h, 5 and 7 days.

The material for electron-microscopic examination was taken and
prepared according to routine methods. The observations were per-
formed and photomicrographs taken in a Tesla BS 500 electron mu-

croscope.
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RESULTS

No severe changes were found after 48 h in animals subjected to
15-min ischemia, however, after 5 and 7 days changes appeared in
the perivascular astrocytic processes. They consisted in a decreased
electron density of the cytoplasm containing scarce organelles — mi-
tochondria with dense matrix or swollen and with destroyed cristae,
free ribosomes and vacuoles (Fig. 1). These changes also involved the

Fig. 1. Swelling of perivascular processes of astrocytes 5 days after 15-min
ischemia, vesicles filled with electron-dense mass (arrows). X 5000.

Ryc. 1. 5 dni po 15 minutach niedokrwienia. Obrzmienie okolonaczyniowych
wypustek astrocytarnych, pecherzyki wypelnione masa optycznie gesta (strzalki)
Pow. 5000 X.

astrocytic processes in the neuropil having no contact with vascular
walls. Similar abnormalities also occurred in the nerve processes and
their endings in which increased electron transparency of the cyto-
plasm with wvacuoles and flocky material was frequently observed.
Deposits of the horseradish peroxidase reaction product were seen
on the surface of endothelia of the capillaries, in the pinocytic vesicles
of endothelial cells and in the intercellular spaces close to the vessels
(Fig. 2). In all the examined brain regions the above described pat-
terns could be seen, they were most pronounced, however, in Ammon’s
horn.
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Fig. 2. Peroxidase reaction product on the surface of the endothelium, in pino-
cytic vesicles and in perivascular spaces (arrows), on the 7th day after 15-min
ischemia. X 7000.

Ryc. 2. 7 dni po 15-minutowym niedokrwieniu. Produkt reakcji peroksydazy na
powierzchni sréodblonka, w pecherzykach pinocytarnych i w przestrzeniach okolo-
naczyniowych (strzatki). Pow. 7000 X.

After ischemia of 30 min duration small amounts of horseradisi
peroxidase were revealed in the perivascular spaces after 2 h (Fig. 3).
In the period between 6 and 48 h after ischemia peroxidase was not
found beyond the vessels, similarly as in the group with 15-min is-
chemia. After 48 h a slight swelling of the astrocytic processes adja-
cent to the vessels was noted.

The products of reaction of horseradish peroxidase were found in
the pinocytic vesicles at various levels of the endothelial cytoplasm
and beyond the vascular wall in the intercellular spaces (Fig. 4) on the
5th and 7th day. The endothelial junctions remained empty or were
filled with reaction products only along some segments (Fig. 4). Beside
pinocytic vesicles filled with reaction product, there were in the en-
dothelial cells empty vesicles. The dimensions of the vesicles filled
with electron-dense mass showed rather wide variations in size from
about 20 to 60 nm. Frequently swelling of the endothelia was obser-
ved; so was their thickening and appearance of very numerous pino-
cytic vesicles, free ribosomes and wvacuoles. Astrocytes adhering to
the basal vascular membrane exhibited an increased electron trans-

Neuropatologia Polska — 9
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Fig. 3. Peroxidase reaction product in intencellular space (arrow) 2 h after 30-
-min ischemia. X 9000.

Ryc. 3. 2 godz. po 30-minutowym niedokrwieniu. Produkt reakcji peroksydazy
w przestrzeni miedzykomorkcwe]j (strzatka). Pow. 9000 X.
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parency of the cytoplasm with scarce organelles, but few free ribc-
somes, cytoplasmic membranes and flocky material. In the astrocyte
processes sometimes vesicles filled with electron dense masses may he
seen in the neighbourhood of vascular walls.

Horseradish peroxidase was not found in the perivascular spaccs
of the right brain hemisphere in any time group of animals.

DISCUSSION

The effect of unilateral ligation of the common carotid artery for
15 and 30 min was tested in Mongolian gerbils soon after the ische-
mic episode (2—48 h) and after several days (5—7). Changes were
found in the permeability of the vascular walls to horseradish pero-
xidase. These changes occurred independently on the duration of
ischemia in two steps: soon after ischemia the peroxidase reaction
product was found in the intercellular spaces close to the vessels.
This finding noticeable 2 h after ischemia, disappeared after 6 h, thus
it was reversible. In the period 6—48 h increased vascular permeahi-
lity could not be revealed, however, towards the end of this period
changes began to appear in the astrocytes indicating tissue edema.
Features of edema, most pronounced in the astroglial cells, involving
also other cellular elements were observed at a later period, tha$
is 5—7 days after ischemia. At this time penetration of horseradish
peroxidase to the pernivascular spaces was again observed, being evi-
dence of impairment of the blood-brain barrier function.

The mode of penetration of peroxidase through the barrier under
conditions of its impairment still remains obscure. Numerous investi-
gators consider that this transport occurs through the opening inter-
endothelial tight junctions closed under normal conditions, they do not
attribute any importance to vesicular transport which, according {o
these authors, is passive and requires no energy. Proof supporting
this hypothesis is, however, only indirect (Brightmann et al., 1973:
Rapoport, 1976; Brightmann, 1977). Recently a wiew is advanced that
peroxidase, thus protein, transport may occur by the vesicular path-
way or else by canaliculi forming in the cytoplasm of the endothe-
lia when necessary and then disappearing and also by way of dif-

Fig. 4. Reaction product in pinocytic vesicles 7 days after 30-min ischemia.
The endothelial junction is filled only along a short segment of intercellular
spaces (arrow). X 4000.

Ryec. 4. 7 dni po 30-minutowym niedokrwieniu. Produkt reakcji w pecherzykach
pinocytarnych, zespolenie sciste wypelnione tylko na krotkim odcinku przestrzeni
miedzykomorkowej (strzatka). Pow. 4000 X.
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fusion through endothelial cytoplasm (Lossinsky et al., 1978). In the
material studied at present penetration of peroxidase through the tight
junctions was not observed, on the contrary, retention of the reaction
product on the interendothelial bridges ensuring the tightness of the
junctions could be frequently seen.

On the other hand, the behavior of the pinocytic vesicles distinctly
supported their participation in an increased protein transport: their
number greatly incresased in the periods when horseradish peroxi-
dase was found beyond the wvascular bed. The vesicles were of large
dimensions, possibly formed by merging of several smaller ones. The
occurrence of vesicles was noted at various levels of the endothelium,
also close to the basal membrane. In the 7-day period after 30-min
ischemia, electron-dense deposits in the intraplasmatic system of cana-
liculi were seen in one case, this seeminly supporting the hypothesis
of peroxidase penetration through this system. Horseradish peroxi-
dase filled only part of the pinocytic vesicles present in the endothe-
lial cells. The reaction product was sometimes found in the swollen
astrocyte processes surrounding the vessels, in vesicles of somewhat
larger dimensions than the average pinocytic ones.

Notwithstanding the pathway of horseradish peroxidase penetration,
its occurrence in the penivascular spaces can be considered as sign
of impairment of the barrier mechanisms. In numerous papers dea-
ling with unilateral brain ischemia and its consequences in Mongo-
lian gerbils it has been demonstrated that in the ischemic hemisphere
disturbances occur causing impairment of the barrier mechanisms
with following development of tissue edema (Ito et al, 1975; Klatzo,
1975; Bubis et al.,, 1976). Features of edema and necrotic foci noti-
ceable in the light microscope appear with a certain delay. This fea-
ture has been termined ,maturation” of postischemic changes (Klatzo,
1975).

It results from our earlier observations that the signs of impair-
ment of the barrier mechanisms occurring 2 h after ischemia are
slight, receding soon without noticeable, more serious, tissue abnor-
malities (Ostenda, Gadamski, 1980). The brain tissue edema appearing
within several days after ischemia is pathogenetically unclear (Klat-
zo, 1975). The present study was an attempt at supplementing the
missing link between the initial disturbances in the barrier function
and the later edematous changes. The sequence of postischemic chan-
ges supports the existence of such a connection: after 2 h an increase
of permeability to proteins, after 48 h the appearance of signs of
swelling of the astroglia, after 5 days new signs of impairment of the
blood-brain barrier for proteins with simultaneous appearance of
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a picture typical for brain edema. A wicious circle mechanism may be
active here: the at first slight disturbance of the blood-brain barrier
mechanism releases mechanisms leading to edema, and the advancing
edema depends in turn the disturbances of the barrier function which
may lead to irreversible tissue damage (Klatzo, 1975). In a number
of papers devoted to the consequences of ischemia complete regression
of the changes in the brain even after a long lasting ischemic epi-
sode has been described (Hossmann, Kleihues, 1973). The problem
of the factors leading to an issue from this wicious circle is of no
small importance in clinical practice. It would seem that such fac-
tors influencing the reversibility of ischemic features should be sear-
ched for among hemodynamic mechanisms such as blood flow regu-
lation and autoregulation (Mossakowski, Gadamski, 1977), pressure
stabilisation (Ito et al., 1976) and others. The maintenance of the
efficiency of the blood-brain barrier would be here of primary im-
portance.

Disturbances in the permeability of the blood wvessels after ische-
mia have a diphasic course. In the early period the disturbances are
manifested by the penetration of proteins from the wvascular bed to
the tissue and swelling of the perivascular glial processes. This da-
mage is slight and reversible (Ostenda, Gadamski, 1980). In later
periods, after several days new disturbances in vessel permeability
appear. The somewhat earlier appearing edema of brain tissue in the
form of astrocytic swelling, may be a factor impairing the barrier
function since the astrocytes are known to take part in active trans-
port (Friede, 1971). The pathway of protein penetration through the
barrier impaired by temporary ischemia seems to be pinocytosis and
not the endothelial tight junctions which in all the experimental
groups remain tight.

M. Ostenda, R. Gadamski
PRZEPUSZCZALNOSC NACZYN MOZGU DLA PEROKSYDAZY CHRZANOWEJ

U CHOMIKOW MONGOLSKICH (MERIONES UNGUICULATUS)
PO JEDNOSTRONNYM PODWIAZANIU TETNICY SZYJNEJ WSPOLNEJ

II. Por6éwnanie zmian weczesnych i péznych
Streszczenie
Badano tkanke moézgowa chomikoéw mongolskich po jednostronnym podwiaza-
niu tetnicy wspélnej szyjnej w réznych okresach po niedokrwieniu. Stwierdzono

zmiany przebiegajace dwufazowo: 1) w 2—4 godz. po przebytym niedokrwieniu
zwigkszong przepuszczalno$é naczyn dla peroksydazy chrzanowej; 2) w pozniej-
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szym oKresie, 5—7 dni ponowne wystgpowanie zmian przepuszczalnosci naczyn,
obrzmienie astrocytow, obrzek mozgu. W pracy omoawiono zwigzek przyczynowy
tych dwoch faz.

M. Ocrenga, P. Tagamcku

ITIPOHUITAEMOCTBL COCYJOB MO3TrA MOHTI'OJBCKUX XOMAKOB
(MERIONES UNGUICULATUS) IJs1 XPEHOBOJ ITIEPOKCUJIA3BI ITOCJIE
OOJHOCTOPOHHEM IEPEBA3KM OBIIEM COHHOJ APTEPUMU

II. CpaBHenue paHHMX ¥ MO3AHUX M3IMEHEHMM
PeszwomMme

McenenoBanyu MO3TOBYK TKaHb MOHTOJBCKMX XOMSAKOB IIOCJ€ OJHOCTOPOHHEN
nepeBA3Ky oOLIel COHHOJM apTepum B pPa3HbIX Nepuojax mnocie ucxemmy. Obnapy-
JKEHO M3MeHeHMUs, NPOoTeKalllye ABYyXdas3Ho:

1) B 2—4 yaca mnoclie MCXeMuM yBeJIMYeHHas NDOHMI@EeMOCTHb COCYAOB [JIA XDPEeHOBOJ
nepoKcMuaassbl;

2) B Donee mo3pHMWI mepMoj, 5—7 e, BHOBb HaJMuMe M3MEHEHUM TIPOHMIAE€MOCTH
cocynoB, Habyxanme acTpouMTOB, OTE€K MO3ra.

B pabote obcyxkaaercs npuumHHas CBA3b 9TUX ABYX (a3s.
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YJIbTPACTPYKTYPY KOPbI TOJIOBHOTO MO3ra

I. Hlymanbcka, M. Ocrenga: I'mcToxMMuyeckue M3M6H8Huﬂ cocynncm TKaHeBOI‘O
COeAMHeHMA B MO3Te KpPbIChl B I'MIIOKCMYECKOM TUIIOKCUA .

M. Ocrenza, P. T'agamckyu: IIpOHMI@EMOCTH COCYAOB MO3Ta MOHI‘OJIbCKMx xo-
makoB (Meriones unguiculatus) aad XpeHOBO IMePOKCHAA3bI IIOCIe OX-
HOCTOPOHHEM NnepeBA3Ku obiueit conHoi aprepun. 1. Panuue u3MeHeHus .

M. Ocrenga, P. Tagamcku: IIpOHMI@eMOCTH COCYAOB MO3ra MOHTOJBCKUX XO-

makoB (Meriones unguiculatus) aia XxpeHOBOM IepPOKCHMAA3bI II0CJEe OLHO-

CTOPOHHEMN TepeBA3Kyu Obuern conHoy aprepum. 11 Cpaaneuue PAHHUX
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Cena zi 25.— :

WARUNKI PRENUMERATY

Prenumerate na kraj przyjmujg Oddzialy RSW ,Prasa-Ksigzka-Ruch” oraz
urzedy pocztowe i doreczyciele w terminach:

— do dnia 25 listopada ma I pélrocze roku nastepnego i na caly rok nastepny,

— do 10 czerwca na II péirocze roku biezgcego.

Cena prenumeraty:

pélrocznie 50 zt
rocznie 100 z1

Jednostki gospodarki uspolecznionej, instytucje, organizacje i wszelkiego ro-
dzaju zaklady pracy zamawiaja prenumerate w miejscowych Oddzialach RSW
»Prasa-Ksigzka-Ruch”, w miejscowosciach za$§, w ktérych mie ma Oddziatéw
RSW — w urzedach pocztowych. Czytelnicy indywidualni oplacajg prenumerate
wylacznie w urzedach pocztowych i u doreczycieli.

Prenumerate ze zleceniem wysylki za granice przyjmuje RSW ,Prasa-Ksigzka-
-Ruch” Centrala Kolportazu Prasy i Wydawnictw, ul. Towarowa 28, 00-958 War-
szawa, konto NBP XV Oddziat w Warszawie mr 1153-201045-139-11, Prenumerata
ze zleceniem wysylki za granice jest droisza od prenumeraty krajowej o 50%
dla zleceniodawcéw indywidualnych i o 100% dla zleceniodawcéw instytucji i za-
ktadéw pracy.

Quarterly , Neuropatologia Polska” appearing since 1963, as an official Journal
of Polish Association of Neuropathologists publishes papers in the field of: Cli-
nical and Experimental Neuropathology, Neurooncology, Neurochemistry and Neu-
roanatomy.

Yearly subscription US $ 12. — (prices in other currencies are the effective
exchange rates in relation to the currency quoted above). Subscriptions from
abroad should be paid to Ars Polona-Ruch atteunt No 1595-006-71000 through

the Bank Handlowy S.A. Warsaw, Poland.
A
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Zakt. Graf. ,Tamka”. Z. 2. Zam. 314. Pap. kredowy III k1. 90 g. BIl.
Naktad 637 + 23 egz. Ark. druk. 8,5. O-118.
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