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It has been repeatedly demonstrated that, cerebral ischemia is follo-
wed by an increased content of various classes of prostaglandins in the
brain tissue (Ruszczewski 1977; Gaudet, Levine 1979; Gaudet et al. 1980;
lannotti et al. 1981; Moscovitz, Coughlin 1981a; Bhakoo et al. 1982). This
led to a supposition, that they may be, at least in part, responsible for
the development of postischemic brain tissue alterations. Theoretically,
the damaging effect of prostaglandins may result from either their vaso-
active function and induction of intravascular thrombocytic aggregations
or their destabilizing activity on the cell membranes of the nervous
system, regardless unknown exact mechanism(s) of the latter. All ele-
ments of the above mentioned pathology were shown to follow cerebral
ischemia. The other studies demonstrated the preventive effect of in-
hibition of the cyclo-oxygenase activity on the development of postische-
mic events in the brain, which may participate in the nerve tissue le-
sions (Furlow, Hallenbeck 1978; Moscovitz, Coughlin 1981b; Boulu et al.
1982; Bhakoo et al. 1982; Kagstrom et al. 1983). In most of the studies
this effect was obtained with the use of indomethacin, a well known
potent inhibitor of prostaglandin synthesis (Abdel-Halim et al. 1978).

Our previous studies (Mossakowski, Kwiatkowska-Patzer 1982, 1983),
carried out on Mongolian gerbils in which cerebral ischemia was pro-
duced by bilateral occlusion of common carotid arteries for 30 min,
showed that indomethacin applied before cerebral ischemia prevented
neither postischemic venous hyperemia nor the appearance of secondary
ischemic foci located in the border-line zones between watersheds of
larger cerebral arteries. On the contrary, it obviously prevented the
occurrence of small patchy ischemic foci, spread over the most of the
brain grey structures in the postischemic period. Tissue lesions in indo-
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methacin-treated animals as compared with those in untreated ones,
appeared later, were less extensive and solely restricted to posterior
hypothalamic, septal and dorso-lateral thalamic regions. The remaining
brain structures, including cerebral cortex, white matter and basal gan-
glia were apparently normal. The aim of the present investigations was
an electron microscope evaluation of early tissue lesions and their evolu-
tion in animals in which temporary brain ischemia was preceded by
indomethacin treatment. The electron microscope examination included
both areas of the brain which under light microscope were apparently
normal and those which showed severe tissue alterations.

MATERIAL AND METHODS

The experiments were carried out on adult Mongolian gerbils of both
sexes, weighing 55—70 g in which under light ether anesthesia both
common carotid arteries were ligated for a period of 30 min. In all
animals tracheostomy was performed, which was used in case of spon-
taneous respiration disturbances for artificial ventilation with room air
through mechanical respiratory pump (Medipan, Poland). The full sur-
gical procedure was presented previously (Kapuscinski, Mossakowski
1983).

The experimental animals were divided into two groups. The first
group of animals (n=9), 45 min prior to carotid ligation were given
intraperitoneally a single injection of indomethacin (Merck-Sharp and
Dohme Res. Lab. USA), dissolved in Krebs-Ringer solution in a dose of
10 mg/kg body weight. Indomethacin was prepared immediately before
each experiment by dissolving powdered substance in 70°/o ethanol and
then in 5 ml of CO2-saturated Krebs-Ringer solution. The second group
of animals instead of indomethacin were given intraperitoneal injection
of the solvent. The animals of both experimental groups were sacrificed
on 2, 4 and 6 hr after release of carotid arteries by intracardiac per-
fusion with 2 percent glutaraldehyde in 0.1 M cacodylate buffer, pH 7.3.
Following removal from the skull the brains were washed in the same
solution and then cut coronally into slices 1 mm thick. Tissue blocks
(L mm3 in size) were taken from the frontal cortex, Ammon’s horn, sub-
cortical white matter, thalamus, septal area and posterior hypothalamus.
The latter 3 blocks were cut in these regions in which light microscopy
revealed tissue damage, resistant to indomethacin action (Mossakowski,
Kwiatkowska-Patzer 1983). Tissue blocks were further postfixed for
1 hr in 2% osmium tetraoxide in 0.1 M cacodylate buffer, pH 7.2, de-
hydrated routinely in graded ethanol solutions and embedded in Epon
812. Ultrathin sections, cut on ultramicrotome, were counterstained on
grids with uranyl acetate and lead citrate. The material was studied
under the Jeol electron microscope JEM 7 A.
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In order to visualize the blood vessels content in the examined, ma-
terial part of animals (3 in each experimental group) ji*re sacrificed by-
decapitation. Fresh tissue blocks taken from the brain regions mentioned
above, were fixed by immersion in 0.1 M glutaraldehyde in cacodylate
buffer, pH 7.3 and then processed routinely to embedding in Epon 812.

Additional control groups of animals were used for assessment of
possible direct influence of indomethacin and surgical procedure. Four
animals with no surgery were given identical dose of indomethacin and
then sacrificed in pairs after 2 and 6 h. In 4 others 45 min after indo-
methacin injection, sham-operation, consisting in bilateral isolation of
common carotid arteries, was performed. Animals were sacrificed 2 and
6 h after operation. The last control group consisted of 4 gerbils in
which sham operation was not preceded by indomethacin administration.
The material from all control groups was processed in the same manner
as that in experimental ones.

RESULTS

The electron microscope tissue lesions were found in both experi-
mental groups, although they differed remarkably in the intensity and
topographic distribution.

In animals, in which bilateral carotid artery ligation was not prece-
ded by indomethacin administration, contrary to the previous light
microscopic observations, grey structure alterations were present in all
examined areas of the brain already in the earliest stages of the study.
At the beginning they consisted in severe swelling of astrocytic cyto-
plasm involving both perikarya and cellular processes. In all areas of
the brain, numerous astrocytes with remarkably swollen cytoplasm,
either totally deprived of subcellular organellae or showing their abnor-
mal aggregation were present (Fig. 1). Swollen mitochondria with peri-
pherally displaced cristae, widened channels and cysterns of rough
endoplasmic reticulum with reduced number of ribosomes and numerous
dense bodies were seen amongst preserved cytoplasmic organellae. The
same concerned astrocytic processes, either surrounding capillaries or
lying free in the neuropil. Most of the other structural elements of
neuropil were normal. In most instances the capillary walls were un-
changed, only some of them revealing swelling of endothelial cells
(Fig. 2). At that period of observation neuronal perikarya were either
normal or showed ultrastructural alterations of minor intensity. They
consisted in some mitochondrial swelling and dilatation of channels of
rough endoplasmic reticulum (Fig. 2). Typical ischemic dark neurons,
with electron dense hyaloplasm, severely distended channels of rough
endoplasmic reticulum, and remarkably swollen mitochondria were rare.
As a rule, they were accompanied by swollen glial satellite cells (Fig. 3).



E . Ischemia, 2 h survival. Hypothalamus. Fragment of astrocyte with
remarkably swollen cytoplasm and reduced number of abnormal organellés group-
ed in perinuclear area. X 12700

Rye. 1. Nijedokrwienie, 2 godz. przezycia. Podwzgorze. Fragment obrzmiatej
komorki gwiazdzistej ze skapa ilodcig zmienionych organelli cytoplazmatycznych
zgrupowanych w okolicy przyjadrowej. Pow. 12 700

Fig. 2. Ischemia, 2 h survival. Cerebral cortex. In the fragment of neuron (N)
some mitochondria ( ) are swollen and channels of rough endoplasmic reticulum
dilated (arrows). Note swollen astrocytic processes (As) and endothelial cells

(asterisk)
Rye. 2. Niedokrwienie, 2 godz przezyma Kora mozgowa We fragmencie ko-
morki nerwowej (N) widoczne sg obrzmiate mitochondria (M) i poszerzone kanak

szorstkiej siatki Srédplazmatycznej (strzatki). Zwraca uwag epobrzmlenle wypuste
astrocytéw (As) i komorek srodbtonka (gwiazdka). Pow. 6 000
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Fig. 3. Ischemia, 2 h survival. Cerebral cortex. Fragment of a typical ischemic
dark neuron and swollen satellite glial cell with irregular aggregation of cytoplas-
mic organelles. X 5700

Rye. 3. Niedokrwienie, 2 godz. przezycia. Kora mozgu. Widoczny fragment ty-
powedo ciemnego neuronu i_obrzmialej satelitarnej komorki glejowe6 Z nieregular-
nymi skupieniami organelli “cytoplazmatycznych. Pow. 5700 X

Fig. 4. Ischemia, 4 h survival. Cerebral cortex. Note extensively swollen perivas-

cular astrocytic processes (As), totally deprived of cytoplasmic organelles. X 14200

. Rye. 4. Niedokrwienie, 4 h godz. przezycia, Kora mozqu, Bardzo znacznie obrz-

miate” okotonaczyniowe wypustki astrocytow (As), catkowicie pozbawione struktur
cytoplazmatycznych. Pow. 14200 X
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Pathological changes intensified and become more widespread in the
later period of observation, that is 4 h following the release of carotid
arteries ligation. They were most severe in hypothalamic, septal and
thalamic areas. Astrocytic processes surrounding capillaries were dis-
tended in a baloon-like fashion and their cytoplasm was totally deprived
of any subcellular organelles (Figs 4, 5). The same concerned oligoden-
drocytes. Ultrastructural abnormalities involved neuropil elements such
as axons, dendrites and synapses. Most of them were swollen, contained
damaged mitochondria and widened cysterns and channels of either
smooth or rough endoplasmic reticulum (Fig. 5). In most of the presy-
naptic bags, vesicles were abnormally dispersed. Great proportion of
neurons showed severe ischemic alterations with cytoplasmic disintegra-
tion of varying intensity. On the 6th h after carotid ligation release, the
above described changes were more intensive, evolving to full tissue
necrosis (Fig. 6).

The white matter structures were also involved, starting from the
earliest period of observation. Similarly as in the grey structures, patho-
logical changes consisted in remarkable cytoplasmic swelling of both
oligodendrocytes and astrocytes (Fig. 7). Perivascular astrocytic proces-
ses were most severely damaged. The membrane structures of numerous
of them were entirely disrupted, leading to the situation, that capillaries
with either swollen or normal endothelial cells were lying in empty
spaces, containing some cellular residua (Fig. 8). Myelin sheaths were
generally unchanged, while axons contained swollen mitochondria and
vesicular structures originating probably from channels of smooth endo-
plasmic reticulum (Fig. 7). Neither intravascular clotting nor thrombo-
cyte aggregations were found at any observation period.

Electron microscopy in indomethacin-treated animals showed an
evident time-dependence and varied remarkably in different brain struc-
tures. In sections taken from the previously mentioned areas of hypo-
thalamus, septum and dorso-lateral thalami the ultrastructural picture
and its evolution did not differ essentially from those in untreated ani-
mals. There was severe astrocytic swelling, most intense around capillary
walls, which wore in many instances lined by greatly swollen endo-
thelial cells (Fig. 9). The above changes intensified in time, involving
other structures of neuropil (Fig. 10). Most of the neurons revealed ty-
pical ischemic alterations. Even those with less intensive lesions were
surrounded by greatly swollen astrocytic processes and damaged nerve
cell extensions and their endings (Fig. 11). Contrary to that, in the cere-
bral cortex and in Ammon’s horn no ultrastructural abnormalities were
seen in the earliest period of examination, that is 2 h following carotid
release. In particular there was no astrocytic swelling both in the capil-
lary surrounding and in the neuropil remote from the blood vessels
(Fig. 12). Nerve cells were ultrastructurally normal. The same was



Fig. 5. Ischemia, 4 h survival. Ammon’s horn. Swollen astrocytic processes
gAs) with reduced number of cytoplasmic organelles and swollen “mitochondria.
n ‘neuropil adjacent to the blood vessels synapses (asterisks) with swollen axo-
plasm, irregularly distributed vesicles angsgyall, shrunken mitochondria are seen.

Rye. 5. Niedokrwienie, 4 godz. przezycia. R6g Amona. Widoczne okotonaczy-
niowe wypustki_astrocytow (As) sg obrzmiate i zawierajg nieliczne struktury $rdd-
plaz_matL/g:zne. Zwraca uwage obrzmienie aksoplazmy zakonczen synaptycznych
(gwiazdki) z nieréwnomiernym rozktadem J)gcherzykéw i obecnoscig drobnych, ob-

kurczonych mitochondriéw. Pow. 8500 X

Fig. 6. Ischemia, 6 h survival. Hypothalamus. Fragment of neuron and neuropil
elements exhibit severe ultrastructural abnormalities indicating their complete
disintegration. X 12 700

Rye. 6. Niedokrwienie, 6 godz. przezycia. Podwzgorze. Fragment komorki ner-
wowe] i elementy neuropilu wykazujg ciezkie uszkodzenia ultrastrukturalne wska-
zujace na ich dezintegracje. Pow. 12 700 X



Fig. 7. Ischemia, 4 h survival. Subcortical white matter. Fragment of severely
swollen astrocyte (As). Neighbouring nerve fibers with unchanged myelin sheaths
reveal swollen mitochondria (M) andxsnilaIYIOOveswular structures in the axoplasm.

Rye. 7. Niedokrwienie, 4 godz. przezycia. Podkorowa istota biata. Widoczny
fragment znacznie obrzmiatego astrocyta (As). Potozone w sasiedztwie aksony,
z nieuszkodzonymi ostonkami mielinowymi zawieraja w aksoplazmie obrzmiate mi-

tochondria (M) i drobne struktury pecherzykowate. Pow. 12 700 X

Fig. 8. Ischemia, 6 h survival. Subcortical white matter. Severely swollen peri-
vascular astrocytic processes (As), almost totally deprived of cytoplasmic organelles
with disrupted cellular membranes. Note swelling of the capillary endothelial

cells (asterisk). X 12 700

Rye. 8. Niedokrwienie, 6 godz. przezycia. Podkorowa istota biata. Znacznie
obrzmiate okotonaczyniowe wypustki astrocytow _(Asg, niemal catkowicie pozba-
wione struktur cytoplazmatycznych z uszkodzonymi btonami_komoérkowymi. Zwra-
ca uwage obrzmienie komérek Srddbtonka naczyniowego (gwiazdka). Pow. 12 700 X



Fig. 9. Ischemia with indomethacin, 6 h survival. Thalamus. Remarkably swol-
len perivascular astrocytic processes (As) with reduced number of cytoplasmic
organelles. Swollen endothelial cellsx(a;a%rolsk) narrowing the capillary lumen.

Rye. 9. Niedokrwienie z indometacyng, 6 godz. przezycia. Wzgorze. Bardzo
znaczne obrzmienie okotonaczyniowych “wypuste _astrocgtow_ (As) zawierajacych
szczatkowe struktur Qytogﬁlazmaty_cz_ne. Widoczne jest obrzmienie komorek™ srod-

btonka (gwiazdka) zwezajace Swiatto naczynia. Pow. 7400 X

~ Fig. 10. Ischemia with indomethacin, 6 h survival. Thalamus. Note few shrunken
mitochondria and vacuoles (v) in slightly swollen perivascular astrocytic processes
(As) and varying in number vesicles in synaptic buttons (asterisks) 9000
Rye. 10. Niedokrwienie z_indometacyna, 6 godz. przezycia. Wzgdrze. Zwracaja
uwagé skape obkurczone mitochondria”i wakuole (v) w cytoplazmie lekko ob-
rzmiatych okotonaczyniowych wypustek astrocytow ( SL_I zmienna ilos¢ pecherzy-
kéw w zakonczeniach™ synaptycznych (gwiazdki). Pow- 9000 X



~ Fig. 11. Ischemia with indomethacin, 6 h survival. Hypothalamus. Fragment of
ischemic neuron (N). Synaptic endings (asterisks) exhibit swollen axoplasm with
great number of vesicles. Note greatly swollen astrocytic processes (As) with
reduced number of cytoplasmic organelles. X 12 700
Rye. 11. Niedokrwienie z indometacyna, 6 godz. przezycia. Podwzgorze. Frag-
ment neuronu (N) z t powgmi cechami "uszkodzenia niedokrwiennego. Zakoriczenia
synaptyczne (gwiazdki) o obrzmiatej cytoplazmie zawierajg znaczng ilos¢ pecherzy-
Kow; skupionych w nieregularnych ugrupowaniach. Obrzmiate W}/;;ustkl astrocy-
tow (As) pozbawione struktur cytoplazmatycznych. Pow. 12 700 X

_ Fig. 12. Ischemia with indomethacin, 2 h survival. Cerebral cortex. Note only
slight swelling of some astrocytic Qrolcze%gs around unchanged blood vessels.

Rye. 12. Niedokrwienie z indometacyna, 2 godz. przezycia. Kora mozgu. Wokot
naczynia o prawidlowej strukturze widoczne sg tylko pojedyncze wypustki astrocy-
tow z nieznacznym obrzmieniem. Pow. 127700 X
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Fig. 13. Ischemia with indomethacin, 4 h survival. Ammon’s horn. Fragments
of two unchanged pyramidal neurons. X 8 500

Rye. 13. Niedokrwienie z indometacyng, 4 godz. przezycia. Widoczne fragmenty
dwodch niezmienionych piramidowych komoérek nerwowych. Pow. 8 500 X

Fig. 14. Ischemia with indomethacin, 6 h survival. Cerebral cortex. In a frag-
ment of apparently normal neuron, some swollen mitochondria (M), dilated Golgi
profiles and channels of rough endoplasmic reticulum are visible (arrows). X 6 400

Rye. 14 Niedokrwienie z indometacyna, 6 godz. przezycia. Kora mézgu. We
fragmencie skadingd niezmienionej komorki nerwowej widoczne sg pojedyncze ob-
rzmiate mitochondria (M) oraz poszerzone kanaty siatki $rddplazmatycznej i zbior-

niki aparatu Golgiego (strzatki). Pow. 6400 X
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Fig. 15. Ischemia with indomethacin, 4 h survival. Subcortical white matter.
Apparently normal ultrastructure of most of the axons, myelin sheaths and glial
processes. X 12 700

Rye. 15. Niedokrwienie z indometacyng, 4 godz. przezycia. Podkorowa istota
biata. Prawidtowy obraz mikroskopowo-elektronowy wiekszosci widékien osiowych,
ostonek mielinowych i wypustek glejowych. Pow. 12 700 X

Fig. 16. Ischemia with indomethacin, 6 h survival. Thalamus. Neuron with
features of nucleolar microsegregation. Note partial segregation of filamentous
(arrows) and granular (asterisks) parts of nucleolus. X 12 700

Rye. 16. Niedokrwienie z indometacyna, 6 godz. przezycia. Wzgorze. Neuron
z cechami mikrosegregacji jaderka. Zwraca uwage czesSciowy rozdziat widkienko-
wej (strzatki) i ziarnistej (gwiazdki) czesci jaderka. Pow. 12 700 X
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observed after 4 h of recovery (Fig. 13). However, on the 6th h of the
postischemic period some ultrastructural abnormalities appeared in the
cerebral cortex. They consisted in a slight perivascular astrocytic swel-
ling, dilatation of cysterns and channels of endoplasmic reticulum and
Golgi system and mitochondrial swelling in some nerve cells (Fig. 14).
On the contrary, the white matter structures were apparently normal
in all observation stages (Fig. 15).

In all experimental and control animals treated with indomethacin,
great number of neurons and glial cells revealed nucleolar abnormalities
taking the form of microsegregation and accumulation of perichromatin
granules (Fig. 16). Except that, no other ultrastructural pathological chan-
ges were found in the control groups throughout.

DISCUSSION

In general, the present electron microscope study confirmed our pre-
vious light microscopic observation, concerning influence of cyclo-ox-
ygenase inhibition by indomethacin on the tissue sequela of temporary
brain ischemia. Indomethacin administered 45 min before carotid arte-
ries ligation for 30 min did not prevent the appearance or influenced
further evolution of focal tissue lesions localized in posterior hypotha-
lamic and septal regions as well as in dorso-lateral thalamic nuclei.
Pathological changes in these brain regions in indomethacin-treated ani-
mals did not differ essentially from those in untreated ones. In the
course of 6 h observation they evolved to full tissue necrosis, the
subsequent stages of which were similar to those described by Brierley
et al. (1973), Garcia et al. (1978) and Jenkins et al. (1979). The only
slight difference between the treated and untreated animals consisted
in less intense astrocytic swelling in the former ones. Our previous
supposition, concerning the possible appearance of thrombocyte aggrega-
tions in the blood vessels on the necrosis periphery was not confirmed.
The aggregations were totally absent from both treated and untreated
animals. This agrees well with previous observations of Hossmann et al.
(1980).

In the selectively damaged brain areas, in the previous studies on the
influence of indomethacin on the cerebral microcirculation following
brain ischemia, focal ischemic foci were found in the recovery period
both in untreated and treated animals (Mossakowski, Kwiatkowska-Pat-
zer 1982). Although the exact brain angioarchitectonics in Mongolian
gerbils is not known, a detailed inspection of the material presented
by Levy and Brierley (1974) and Tamura et al. (1981) allows to consider
the above mentioned regions as the borderline zones between watersheds
of larger branches of the internal carotid arteries and the carotid and
vertebral-basilar systems. Since the classical work of Zilch (1955), the
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vascular borderline zones are known to be the areas of severe hemody-
namic disturbances, depending on the systemic hemodynamics. The pre-
sence of the latter in the Mongolian gerbils after both uni- and bilateral
carotid artery ligation was clearly shown by Ito et al. (1975) and Ka-
puscinski and Mossakowski (1983).

Indomethacin pretreatment markedly influenced the electron micro-
scope picture of the remaining brain structures. In untreated animals
ultrastructural tissue pathology, the same as in the above described
areas, was present in such brain structures as neocortex, Ammon’s horn
and subcortical white matter. The most striking abnormality consisted
in glial swelling, involving mostly astrocytic perikarya and perivascular
processes, and ischemic lesions of neurons including their extensions and
synaptic endings. In indomethacin-treated animals pathological changes
of this nature were not present at all or they appeared in much less
intense form solely on the 6th hour of postischemic period.

The mechanism of the preventive action of indomethacin remains
open. As an inhibitor of cyclo-oxygenase activity it remarkably reduces
the synthesis of endogenous prostaglandins in the brain. Abdel-Halim
et al. (1978) showed that single application of indomethacin in a dose of
3 mg/kg b.w. decreases cerebral synthesis of prostaglandins to 20 percent
for a period of 8 h. This led to the supposition of its protective effect
against the action of vasoactive prostaglandins, accumulation of which
in the brain after ischemia of different type and duration was found
by Ruszczewski (1977), Gaudet et al. (1979, 1980), lannotti et al. (1981),
Moscovitz, Coughlin (1981a) and Bhakoo et al. (1982). Improvement of
the cerebral blood flow after ischemia, resulting from indomethacin pre-
treatment was described by Furlow and Hallenbeck (1978), Moscovitz and
Coughlin (1981b), Boulu et al. (1982) and Kagstrbm et al. (1983). However,
Hallenbeck and Furlow (1979) and Hallenbeck et al. (1982) demonstrated
the positive effect of the drug only when indomethacin was applied in
combination with prostacycline PGI2 and heparin. On the other hand,
Harris et al. (1982) noticed even a harmful effect of indomethacin on
the ischemic brain. Our own observations on the influence of the drug
on the postischemic cerebral microcirculation indicated its partial effi-
cacy, consisting in prevention of patchy secondary ischemic foci, spread
over most of the grey brain structures with no effect on postischemic
venous hyperemia and focal secondary ischemia in vascular borderline
zones (Mossakowski, Kwiatkowska-Patzer 1982).

Even more controversial are the results concerning the influence of
indomethacin on the blood flow in undamaged brain. Most of the authors
have demonstrated that indomethacin administration results in reduc-
tion of the cerebral blood flow and decrease of vascular reactivity, to the
increased CO? level (Pickard, MacKenzie 1973; Pickard et al. 1977;
Hedquist 1977; Bill 1979; Sakabe, Siesjd 1979; Dahlgren et al. 1981).
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On the contrary Busija and Heistadt (1983) found that indomethacin
influenced neither cerebral blood flow nor vascular reactivity to hyper-
capnia. According to Hierton’s observation (1981) indomethacin does
not reduce cortical blood flow, but diminishes it in the brain stem
structures and cerebellum. Similar regional differences were observed
by Pickard et al. (1976) and Vlachov (1976), who stated that indometha-
cin at the same time reduced the total cerebral blood flow but dilates
pial vessels.

In the light of the above presented data and the results of own ele-
ctron microscope observations, the solely vasogenic mechanism of the
protective action of indomethacin seems questionable. Its cytoprotective
action, preventing alterations of cellular membrane permeability and their
metabolic consequences, is more probable. The fact that early ultrastru-
ctural pathology of the ischemic brain is dominated by severe astrocytic
swelling, which is lacking in indomethacin-treated animals, appears to
support such a view. This concept was also brought up by Crockard et
al. (1980), lannotti et al. (1981), Bhakoo et al. (1982) who related the
preventive effect of indomethacin on postischemic brain edema to its
cytoprotective action. Ischemic brain edema, at least in its early stages,
is of cytotoxic nature, resulting from altered permeability of cellular
membranes (Klatzo 1975). Astrocytic swelling is one of its fundamental
ultrastructural evidences. As swollen astrocytic processes are known to
compress cerebral capillaries, it seems possible that the preventive in-
fluence of indomethacin on the disturbances of regional cerebral flow
can also be connected with its effect on membrane permeability. This
would also explain lack of patchy ischemic foci spread over grey stru-
ctures of the brain in indomethacin-treated animals.

The molecular mechanism of cytoprotective action of indomethacin is
unknown. Perhaps it can be related to its inhibitory influence on the
activity of phospholipase A? (Jesse, Franson 1979). Volpi et al. (1980)
demonstrated that indomethacin reduced the permeability of the cellular
plasma membrane for calcium. Its antagonistic action to calcium ions
was also shown by Northover (1977). Pappius and Wolf (1977) although
denying the influence of indomethacin on the vasogenic brain edema,
demonstrated its protective effect on numerous metabolic parameters
in the brain damaged by various factors.

Two other questions concerning indomethacin action require short
discussion. The first is its time-dependence shown in our electron micro-
scope study. Preventive effect of indomethacin against generalized astro-
cytic swelling and ischemic damage to the nerve cells was clearly shown
to occur during the early stages of postischemic period. It was obviously
less at the 6th h of recovery period, as shown by the appearance of
slight perivascular astrocytic swelling and some features of nerve cells
injury. It seems plausible to connect this with the relatively short half-

S — Neuropatologia Polska 3/84
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-life of the drug. In our previous study, when keeping ischemic animals
for longer survival periods, indomethacin was administered every sub-
sequent 6 h.

The second question concerns the presence of a rather unexpected
finding in the brains of indomethacin-treated animals. In all of them
ultrastructural features of nucleolar microsegregation were seen in both
nerve and glial cells. This may indicate a noxious side-effect of the drug
on nuclear RNA metabolism. This problem, forms subject of an accomp-
anying paper (Gajkowska et al. 1984).

WPLYW INDOMETACYNY NA OBRAZ ULTRASTRUKTURALNY WCZESNYCH
NIEDOKRWIENNYCH USZKODZEN MOZGU U CHOMIKA MONGOLSKIEGO
(Meriones unguiculatus)

Streszczenie

Oceniono obraz mikroskopowo-elektronowy moézgu chomikéw mongolskich,
u ktérych 30-minutowe obustronne podwigzanie tetnic szyjnych poprzedzono do-
otrzewnowym podaniem indometacyny w dawce 10 mg/l kg masy ciala. Wyniki
poréwnano z materiatem zwierzat, u ktorych w tych samych warunkach doswiad-
czalnych nie stosowano indometacyny.

Stwierdzono, ze indometacyna pozostawata bez wplywu na pojawienie sie
i rozwoj ognisk uszkodzeh tkankowych w obszarach pogranicza unaczynienia przez
duze pnie pochodzace od tetnic szyjnych wewnetrznych oraz pogranicza miedzy
uktadem szyjno-wewnetrznym i kregowo-podstawnym. Byty to ogniska w okolicy
tylnego podwzgdérza, przegrody i grzbietowo-bocznych jader wzgoérza. Wystepujace
tu zmiany w okresie 6 godzin obserwacji ewoluowaty do stadium martwicy tkanki
zarObwno u zwierzat leczonych, jak i nie leczonych. Podanie indometacyny zapobie-
gato natomiast uogolnionym uszkodzeniom tkanki wystepujagcym w korze modzgu,
jadrach podstawy oraz w podkorowej istocie biatej. W szczegolnosci chronito ono
przed pojawieniem sig¢ tu obrzmienia astrocytow oraz niedokrwiennych zmian ko-
moérek nerwowych, nawet w obszarach charakteryzujacych sie wybidércza wrazli-
woscig neurondw na niedostatek tlenu. Ostaniajagce dziatanie indometacyny wigzano
z jej wplywem cytoprotekcyjnym. U wszystkich zwierzat, ktorym podawano indo-
metacyne stwierdzono nieprawidtowosci w strukturze jaderka, wystepujace za-
rowno w komoérkach nerwowych, jak i glejowych, w postaci mikrosegregacji i po-
jawienia sie w nadmiarze ziaren interchromatynowych. Zmiany tego typu uznane
sg za morfologiczny wyktadnik zaburzen w syntezie i/lub transporcie kwasow
nukleinowych. Biochemiczne potwierdzenie tego faktu ograniczy niewatpliwie ze
wzgledu na nastepstwa metaboliczne uzyteczno$¢ indometacyny jako s$rodka ogra-
niczajgcego skutki tkankowe niedokrwienia moézgu.

BJIHSIHWE HH"OMETAURHA HA yjIBTPACTPYKTyPHyi6 KAPTWHY
PAHHKX MIDEMHHECKHX nOBPETK"EHHK MO3rA MOHrOJIBCKOrO XOMHKA
(MERIONES UNGUICULATUS)

Pe3K>Me

OueHHBajiach 3JieKTpoHHO-MHKpocKonnHecKaH KaprHHa MO03ra MOHronbCKHx xomhkob, Y ko-
Topbix BHyTpn6pK>tnnHHoe BBegeuHe HHagoMeTauHHa b go3e 10 Mr/xr Beca Tejia, npeaineagcTBOBajio
nBycTopoHHeit nepeBJBKe meiiHbix apTepait. Pe3yjibTaTbi cpaBHHBajiHCh ¢ MaTepnanoM jkhbot-
Hbix, y KOTopbix b Tarax xe 3KcnepnMeHTajibHbix ycjiOBHax He npHMeHHJica HH/ioMerapHH.
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Ebuio 0OHapyaceHO, hto HHflOMeTauHH ne bjihhji Ha noflBlieHne h pa3BHTne onaroB TxaHeBbix
noBpoKfleHHRA b norpaHHHHbix oGjiacTHx 60iibinnx cocyaoB, nponcxoainijHx ot BHyTpeHHHX mefi-
Hbix apTepuii, a Taxxe Ha rpaHHije Mexcay BHyTpHuieiiHoi h no3BOHOHHO-6a3ajibHOH CHCTeMaMH.
3to 6buiH onarH b o6nacTH 3anHero rnnoTajiaMyca, neperopoaxH h criHHHO-GoxoBbix Jiaep 3pn-
TenbHoro 6yrpa. W3MeHeHHH, HadJHOjiaeMbie b TeneHHe 6 nacoB HabjnoaeHnii, pa3BHBannch no
CTajlHH HeKpO3a TX3HH, X3X y JieHHMbIX, Tax H y HejieHHMbIX XCHBOTHbIX. O/JHaXO, BBejjeHHe HHfIO-
MeTauHHa npe.aoTBpama.no obmee noBpexgjeHne TxaHW, BbiCTynaiomee b MO3roBoii xope, 6a3ajib-
Hbix aapax h no/jxopxoBOM 6eaoM BenjecTBe. B aacTHocTH, oho npeaoxpaHJuio or nouBneHna
oTexa acrpouHTOB h nineMHHecxnx H3MeHeHnfi HepBHbix xaeTox, aaxce b oGjiacnix XxapaxTepa-
3yfOLu,Hxca M36HpaTeabHOM HyBCTBHTeabHOCThio HeiippHOB X HeaocTaTxy XHcnopoaa. OxpaHH-
lomee aeflCTBue HHaoMeTaiiHiia 06bHCHaeTCH ero nnTonpoTexijHOHHbiM BJiHHHueM. Y Bcex xchbot-
Hbix, xoTopbiM BBoanacs nHaoMeTaimH 6buiH oOHapyxceHbi HapyineHna b CTpyxType anpbiinxa,
BbiCTynaiomne xax b HepBHbix, Tax a ranaabHbix xaeTxax, b BHae MHxpocerperaijHH h noBBjieHHfl
b mSbiTxe HHTepxpoMaTHHOBbix 3epen. HapymeHwa 3Toro Tuna paccMaTpnBaioTca xax Mopifjo-
aornaecxHM noxa3aTeab HapyuieHwii b ciiHTe3e h/hjih TpaHcnopTe HyxaenHOBbiX xhcjiot. Shoxh-
Mnaecxoe noaTBepxaenne 3toto cjiaxTa, BB«ay MeTaGoanaecxHX nocaeacTBHii, hccomhchho orpa-
hhhmt npnroaHOCTb nH,noMeTaijnHa xax cpeacTBa, orpaHHaeBaiomero TxaHeBbie nocaeacTBna
MHieMHK MO03ra.
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