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In the recent years indomethacin, a well known inhibitor of fatty 
acid cyclo-oxygenase, has been widely used in experimental studies on 
brain ischemia as a factor preventing the damaging effects of prostagland­
ins, the level of which was shown to increase remarkably at the time 
of cerebral ischemia and during the postischemic recovery (Ruszczewski 
1977; Gaudet, Levine 1979; Gaudet et al. 1980; Iannotti et al. 1981; 
Bhakoo et al. 1982). As demonstrated by Abdel-Halim et al. (1980) in­
domethacin in a single dosis of 3 mg/kg body weight reduces the 
cerebral synthesis of prostaglandins to 20 percent for at least 8 hours. 
Furlow and Hallenbeck (1978), Hallenbeck and Furlow (1979) and Boulu 
et al. (1982) noticed that indomethacin premedication of animals subjected 
to temporary cerebral ischemia remarkably reduced postischemic abnor­
malities of the regional cerebral blood flow. Indomethacin was also 
claimed to prevent development of the postischemic brain edema (Crock- 
ard et al. 1980; Iannotti et al. 1981; Bhakoo et al. 1982) and protein ex­
travasation to the brain tissue in experimental arterial hypertension, in­
duced by intravenous administration of adrenaline (Johanson 1981). In 
our own studies, it was shown that the indomethacin administered prior 
to carotid arteries ligation in Mongolian gerbils prevented appearance of 
postischemic microcirculatory abnormalities and reduced to a great ex­
tent nerve tissue lesions, due to ischemic incident (Mossakowski, Kwiat- 
kowska-Patzer 1982, 1983). However, electron microscopic studies besides 
beneficial effect on the brain tissue, revealed some striking abnormali­
ties in the ultrastructure of nucleoli of nerve and glial cells being unu­
sual for the ischemic nerve tissue alterations (Brierley et al. 1973; Garcia 
et al. 1978). This inclined us to study the direct effect of indomethacin 
on the nerve tissue in in vivo and in vitro conditions.
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MATERIAL AND METHODS

The studies were performed on organotypic cultures of the newborn 
rats cerebellum and on animals given intraperitoneal injection of in­
domethacin in a dosis identical with that used in experiments on the 
temporary brain ischemia (Mossakowski, Gajkowska 1984).

Tissue cultures. Organotypic cultures were prepared from newborn 
Wistar rat cerebellar tissue on collagen-coated coverslips and mantained 
in Carrel flasks. Nutrient medium, renewed twice weekly, consisted of 
50% human serum, 40% balanced salt solution (BBS) and 10% embryo 
saline extract, supplemented with glucose to a final concentration of 
600 mg/100 ml of medium. The pH of the medium ranged from 7.0 to 
7.3. Selected 14 day cultures were subjected for three days to the action 
of indomethacin. This drug was added into the incubating medium in 
two doses: 4 mg% and 8 mg%. Cerebellar cultures of the same age in 
vitro carried out in a routine manner with no addition of indomethacin 
served as control ones.

For electron microscopy the cultures were briefly rinsed in Locke 
solution. In situ fixation was carried out in buffered glutaraldehyde, 
pH 7.2, the postfixation in osmium tetroxide, the embedding in Epon 
812. The cultures were cut on an ultramicrotome, counterstained with 
uranyl acetate and lead citrate and examined under JEM 7 A electron 
microscope.

Animals. Experiments were performed on 4-month-old Mongolian 
gerbils (Meriones unguiculatus) of both sexes which were given intraperi­
toneal injection of indomethacin (Merck-Sharp and Dohme Res. Lab. 
USA) dissolved in Krebs-Ringer solution in a dose of 10 mg/1 kg. The 
drug was administered either 45 min or 6 hrs prior to decapitation. The 
control animals were given intraperitoneal injection of the solvent.

The tissue blocks comprising cerebral cortex, hypothalamus, thalamus, 
striatum, septal nuclei and Ammon’s horn were fixed in 2.5% glutaral­
dehyde in cacodylate buffer, pH 7.2 for 1 h, postfixed in osmium tetra­
chloride for 1 h, washed with Millonig’s buffer, dehydrated in grading 
ethanol and embedded in Epon 812. The ultrathin sections were coun­
terstained in grids with uranyl acetate and lead citrate and examined 
under JEM 7 A electron microscope.

RESULTS

Studies on tissue cultures. Marked effects of indomethacin on the 
nucleoli of both nerve and glial cells were seen after 3 days incubation 
of cultures in nutrient medium containing the drug in a dose of 4 and
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8 mg°/o. Remarkable variability of size and shape of nucleoli and their 
partial segregation were the most striking features (Figs 1, 2, 3, 4). The 
shape of nucleoli was more irregular than in normal untreated cultures. 
There was partial segregation of RNP granules and fibrils. Relatively 
large extranucleolar space of chromatin was visible (Figs 1, 2, 3). The

Fig. 1. Dose of 4 mg°/o indomethacin. Partial segregation of the nuclear masses. 
Note the granular and dense fibrillar areas (arrows) and large extranucleolar 

accumulation of chromatin (Chr). X 10 520
Rye. 1. Dawka 4 mg°/o indometacyny. Jąderko wykazuje częściową segregację. 

Widoczna jest część ziarnista i gęste skupienia części włóknistej jąderka (strzałki) 
oraz obfite zewnątrz-jąderkowe nagromadzenie chromatyny (Chr). Pow. 10 520 X
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Fig. 2. Dose of 4 mg°/o indomethacin. In intranucleolar chromatin many per- 
ichromatin granules (arrows) are present. X 10 520

Ryc. 2. Dawka 4 mg°/o indometacyny. W chromatynie wewnątrzjąderkowej licz­
ne ziarnistości (strzałki) perychromatynowe. Pow. 10 520 Xnumber of perichromatin granules was very high, particularly at the inner surface of nucleolus-associated chromatin (Figs 2, 3). The granular portion of nucleoli was smaller than in cells in untreated cultures (Figs 1, 4). In most of the cells nuclei contained dispersed chromatin granules, but in some of them significant amount of chromatin condensed in irregular aggregates was seen. In the cytoplasm the Golgi complexes
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Fig. 3. Dose of 8 mg°/o indomethacin. Note close relationship of the perichro­
matin granules (arrows) with fibrillar part of nucleolus and intranuclcolar chro­
matin. The fibrillar substance of the nucleolus forms irregular figures. X 10 520

Rye. 3. Dawka 8 mg°/o indometacyny. Zwraca uwagę ścisły związek ziarnistości 
perychromatynowych (strzałki) z częścią włóknistą jąderka i wewnątrzjąderkową 
chromatyną. Część włóknista jąderka tworzy różnego kształtu figury. Pow. 10 520 Xwere well developed and numerous mitochondria and liposomes were present. In some cells channels of rough endoplasmic reticulum were widely distended (Figs 2, 4). The above described changes were present in cultures treated with both drug doses. No significant dose-dependent differences were noticed, although in some cultures with higher in-
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Fig. 4. Dose of 8 mg% indomethacin. Fragment of the nucleolus with typical microsegregation. X 10 520
Rye. 4. Dawka 8 mg°/o indometacyny. Fragment jąderka z typowymi cechami mikrosegregaeji. Pow. 10 520 Xdomethacin dose the nucleolar abnormalities seemed to be more pro­nounced.Studies on animals. In indomethacin treated animals some of the nerve and glial cells revealed ultrastructural changes in the nucleoli and cytoplasm. They were more common in cortical and thalamic nerve cells. Nucleolar changes consisted in segregation of its components into two distinct zones: granular and fibrillar. The granular component was
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Fig. 5. Cerebral cortex of gerbil 45 min after indomethacin. Note the partial 
segregation of granular and fibrillar material. X 10 520

Rye. 5. Kora mózgowa chomika mongolskiego. 45 min po podaniu indometacy- 
ny. Widoczne oddzielenie się części ziarnistej i włókienkowej jąderka. Pow. 10 520 Xseparated sharply from other elements (Fig. 5). The granular substance was usually located in central portion of nucleoli, while the fibrillary one, as a rule was extruded to their periphery. The extranuclear areas con­tained numerous perichromatin granules (Figs 5, 6). Amount of the perinucleolar chromatin was changeable. The chromatin in most of the nuclei was homogeneously distributed. In the cytoplasm of the cells some channels of rough endoplasmic reticulum and Golgi complexes were markedly distended. Most of the channels were electron lucent,
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Fig. 6. Striatum of gerbil 45 min after indomethacin. Partial segregation of 
fibrillar and granular compartment of nucleolus and condensed perinucleolar 

chromatin (Chr). X 10 520
Rye. 6. Striatum chomika mongolskiego 45 min po podaniu indometacyny. 

Widoczne częściowe oddzielenie się składników włóknistych i ziarnistych jąderka 
oraz zagęszczenie przyjąderkowej chromatyny (Chr). Pow. 10 520 X

only some of them contained a small amount of flake-like material 
(Figs 5, 6).

The above described changes were present in animals sacrificed both 
45 min and 6 hrs following drug administration. It seemed that in 
animals with longer exposition for the drug the nucleolar changes were 
more widely distributed.
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DISCUSSION

Our observations disclose of the influence of indomethacin on the 
cellular metabolism of the central nervous system. The drug induces 
atypical nucleolar segregation, known under the name of microsegrega­
tion. This is characterized by the juxtaposition of granular and fibrillar 
nucleolar compartments, without their segregation into completely sep­
arated zones. Similar nucleolar lesions were observed in other tissues 
after cordycepin and campthotecin action (Puvion et al. 1974; Gajkow­
ska et al. 1977) and were considered as morphological evidence of 
disturbances in normal synthesis or processing of nucleolar RNA. The 
observed nucleolar segregation was concomitant with an accumulation 
of perichromatin granules not only within nuclear chromatin located in 
the extranuclear areas but also at the surface of the nucleolar RNA 
components. It was only recently, that cytochemical and electron micro­
scopic-autoradiographic studies were undertaken to explain the functional 
significance of perichromatin granules (Kumar, Wu 1973; Puvion et al. 
1976; Gajkowska et al. 1977). It was suggested that, with a great proba­
bility these abnormal granules corresponded to storage forms of either 
nontransported or abnormally processed ribosomal RNA. Our observa­
tions on nucleolar alterations induced by indomethacin in vitro and in 
vivo are in good agreement with previous studies on the action of some 
antimetabolites on the nucleic acids metabolism in non-neural tissue 
(Monneron, Bernhard 1969; Monneron et al. 1970; Vazquez-Nin, Bern- 
hard 1971; Puvion et al. 1974; Nash et al. 1975). Microsegregation of 
nucleolar substances concomitant with abnormal perichromatin granules 
accumulation in the nerve tissue cellular elements under the action of 
indomethacin may suggest that the drug induces impairment in either 
nucleolar RNA processing or r-RNA transport. In that case remote 
effects of indomethacin may be harmful to the nerve tissue metabolism. 
This side effects of the drug, if confirmed in biochemical studies, will 
certainly limit its usefulness in the cerebro-vascular events, despite its 
protective role in the development of postischemic tissue alterations.

WPŁYW INDOMETACYNY NA ULTRASTRUKTURĘ JĄDERKA 
Doniesienie wstępne

Streszczenie

Prześledzono wpływ indometacyny na ultrastrukturę jąderka komórek nerwo­
wych i glejowych w warunkach in vivo i in vitro.

Wykazano, że pod wpływem leku dochodzi do mikrosegregacji jąderka i do nie­
prawidłowego nagromadzenia ziaren perichromatynowych zarówno wśród, jak 
i na powierzchni okołojąderkowej chromatyny.
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Spostrzeżenia te sugerują, że indometacyna, podobnie jak szereg substancji 
antymetabolicznych może prowadzić do zaburzenia dojrzewania jąderkowego RNA 
lub upośledzenia transportu r-RNA. Ten uboczny efekt działania leku, jeśli znaj­
dzie potwierdzenie w badaniach biochemicznych, ograniczy niewątpliwie jego uży­
teczność w zapobieganiu tkankowym następstwom niedokrwienia mózgu.

BJIHRHHE IIHAOMETAL1KHA HA yjIbTPACTPYKTypy 5LIPL>ILUI<A
KpaTKoe cooómeHHe

Pe3K>Me

MccjieflOBajiocb bjihhhhc HHąoMeTaąHHa Ha yjibTpacrpyxTypy aąpbimxa HepBHbix h tjih- 
«JibHbix KJieTOK b ycjiOBHax in vivo u in vitro.

Bbuio noKa3aHO, hto noą bjihshhcm npenapaTa HacTynaeT Mwcpocerperaiina aapbiuixa h He- 
npaBHJibHoe CKomieHne nepnxpoMaTHHOBbix 3epeH, xax BHyTpn, Tax h Ha noBepxHOCTH oxojio- 
H/jpblHIKOBOrO xpoMaTHHa.

3th HaójiKjfleHHH noKa3biBarc>T, hto HHgoMeraijHH, xax h paą aHTHMeraóoJiHaecxHx BemecTB 
MOxeT BecTH x HapyineHHK) C03peBaHHH hjjpmhixoboh PHK hjih x yxynmeHHio TpaHcnopTa p-PHK. 
3tot noSoHHbiH 3(Jxj)exT bjihhhhh npenapaTa, ecjiH óyąeT noflTBepacąeH b ónoxHMHHecxHX HCCJie- 
^OBaHHHx, HecoMHeHHO orpaHHHHT ero npHroAHOCTb ajih npeflOTBpanjeHHa TxaHeBbix nocjieą- 
CTBHH KUKMH0 MO3ra.
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