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Astrocytic abnormalities dominating the neuropathological picture of 
hepatic encephalopathy, underlie hypothesis of primary glial lesions 
as the background of the disease syndrome (Mossakowski 1966; Seitel- 
berger 1970). Impairment of astrocytes in encephalopathies resulting 
from chronic and acute liver damage is similar, if not identical, to 
that observed in hepato-lenticular degeneration. In both pathological 
conditions it is characterized by concomitance of progressive and regres­
sive astrocytic changes. The former, expressed as cellular proliferation 
and hypertrophy are considered to be the exponents of compensatory 
processes, while the latter, taking the form of non-specific degeneration, 
involving mostly cellular extensions, and leading to the appearance of 
cells deprived of processes are resultants of the direct action of the 
toxic factor or factors. Special types of glial abnormalities, considered 
as typical of hepato-cerebral pathology appear against the background 
of the above mentioned non-specific changes. These are Alzheimer cells, 
type I and II, and Opalski cells. Alzheimer cells, type II, known also 
under the names of naked nuclei or metabolic glia, are common for 
both Wilson’s disease and hepatic encephalopathy, whereas those of type 
I are characteristic only of hepato-leniticular degeneration (Mossakow­
ski 1978). Opalski cells, described originally as pathognomonic for Wil­
son’s disease (Opalski 1930) appear in both processes, although they are 
less common in chronic hepatogenic encephalopathy and do not occur 
in the acute form (Mossakowski 1966; Mossakowski et al. 1974).

All the above mentioned pathological forms of astrocytes were ob­
tained in tissue cultures, growing in nutrient media supplemented with 
either sera from patients with Wilson’s disease and hepatic coma or 
exogenous compounds of copper and ammonia (Mossakowski et al. 1970). 
They were also found in cultures on medium with exogenous sodium
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malonate, a chemical inhibitor of the succinic dehydrogenase system (Ren- 
kawek et al. 1973) and blood serum of rats, in which acute liver failure 
had been induced by thioacetamide intoxication (Kraśnicka et al. 1983).

Aiming at a further characteristics of astrocytic abnormalities in he­
patogenic encephalopathy, a series of immunomorphological studies was 
undertaken. This seemed to be even more justified as Opalski cells are 
considered by some authors (Kryspin-Exner 1931; Greenfield 1963) as 
cells of mesodermal origin, contrary to the opinion of the author of 
their original description (Opalski 1930) and numerous further data con­
cerning their morphology and metabolic properties (Mossakowski 1965). 
Evidence of specific glial markers could, therefore, settle the question 
of their histogenesis. Glial fibrillary acidic protein (GFAP), glutamine 
synthetase (GS) and glial antigen, described by Weinrauder and Lach 
(1975) were chosen as cellular markers.

MATERIAL AND METHODS

The studies were performed on organotypic cultures of newborn rat 
cerebella carried out either in Carrel flasks or Maximov’s double co­
verslip chambers according to the method described by Kraśnicka and 
Mossakowski (1965). The nutrient medium, renewed twice weekly, con­
tained 50°/o of normal human serum, 40% of buffered salt solution (La­
boratory of Sera and Vaccines Production, Lublin, Poland) and 10% of 
chicken embryo extract. The medium was supplemented with glucose 
to the final concentration of 600 mg%, pH was adjusted to 7.0—7.3.

Selected cultures after 6—8, 10—12 and 14—15 days in vitro were 
divided into groups, which were exposed for 1—7 days to sera of untreat­
ed patients with Wilson’s disease or the hypermmonemic form of he­
patic coma and to exogenous copper acetate and ammonia chloride. The 
scheme of experiments, basically identical with that used in previous 
studies (Mossakowski et al. 1970) is presented in table 1.

The control cultures were grown for the whole time in routine nut­
rient media, without any of the above mentioned pathogenic factors. 
Cultures were controlled every day under a phase-contrast microscope 
and at chosen time intervals, depending on their general condition, were 
used for histological and immunomorphological studies.

For histological examination, cultures were fixed in Carnoy’s solu­
tion and stained with toluidine blue.

Cultures for immunomorphological study were washed three times 
(15 min each time) in PBS (phosphate buffered physiological solution 
of sodium chloride), dried and then fixed in cold (— 20°C) acetone for 
4 min. Fixed cultures were incubated in appropriate immune sera at 
room temperature for 30 min and washed in PBS (3 X 15 min). The 
second incubation was carried out in the F(ab)2 -fragment of anti-rabbit
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Table I. Experimental scheme 
Tabela 1. Schemat doświadczenia

Content in the nutrient
Pathogenic factor

Czynnik patogenny
medium Time of exposure

Zawartość w środo- Czas ekspozycji 
wisku odżywczym

Experimental 
group 
Grupa 

doświadczalna

I

serum from patients with hepato­
lenticular degeneration

surowica chorych ze zwyrodnieniem 
wątrobowo-soczewkowym

50% 3 — 6 days
dni

II
serum of patients with hepatic coma 
surowica chorych ze śpiączką wą­
trobową

50% 3-6 days 
dni

III
ammonia chloride 
chlorek amonu

100 mg% 1-3 days 
dni

IV
copper acetate 
octan miedzi

Cu++ 24.5 y/ml 1-3 days 
dni

IgG, conjugated with fluorescein (Boehring A. G., FRG), diluted 
1 : 20. Incubation lasted for 30 min and was carried out with sera 
from non-immunized rabbits (1 : 20) or PBS. The following anti-sera 
were used: 1) Anti-GFAP serum, obtained from Protein Laboratory, 
Copenhagen University (dr E. Bock). Dilution 1 in 100. 2) Anti-GS 
serum, obtained by subcutaneous immunization of albinotic rabbits with 
glutamine synthetase (Sigma) with complete Freund adjuvant and 
controlled in double immunodiffusion test (Weinrauder — in pre­
paration). Dilution 1 in 20. 3) Anti-glial serum, obtained from a rabbit 
immunized by repeated intramuscular injections of rat brain extract 
emulgated with complete Freund adjuvant; to eliminate non-specific 
tissue antibodies, immune serum was additionally absorbed with serum 
and homogenates of rat kidney and liver. A single precipitation band 
was obtained in the immunodiffusion reaction with rat brain extract. 
Previous studies have documented a selective glial immunofluorescence 
reaction with this serum (Weinrauder, Kraśnicka 1980). Dilution 1 in 20.

RESULTS

The morphological picture of cultures in all experimental groups was 
identical with that described previously by Mossakowski et al. (1970). 
All cellular elements of the nerve tissue were present in the cultures, 
but pathological changes involved selectively astroglia. They were repre­
sented by the appearance of hypertrophied astrocytes, on the one hand,
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164 M. J. Mossakowski, H. Weinrauderand their degenerating forms, on the other. Hypertrophied astrocytes revealed a great variability of shape, ranging from large typical stel­late cells through cells with abundant cytoplasm and scarce, short, layered extensions to bipolar spongioblastic forms. Fragmentation of cel­lular processes, involving both normal in size and hypertrophied astro­cytes was the most common type of degenerative changes. Alongside with astrocytes with fragmented extensions and/or their reduced num­ber, there appeared numerous cells lacking any processes, their irregular outlines only indicated the places of process origin. The process-deprived cells varied greatly in content of cytoplasm, which ranged from abund­ant to a very narrow, hardly visible rim surrounding enlarged nuclei. There were also cells represented only by large, pale, usually oval nuclei, with sharply outlined membranes. They resembled very much Alzhei­mer cells, type II. Against the background of the severely damaged glial population a very distinct feature were large, oval or round, usu­ally mononuclear cells with abundant cytoplasm, lacking processes or showing their rudimentary forms. Their morphology corresponded to that of Opalski cells, typical of hepato-cerebral pathology in vivo. Ca­reful examination of cultures made it possible to follow subsequent stages of transformation of some hypertrophied astrocytes to formed Opalski cells. Cellular forms, which could be equivalents of Alzheimer, type I cells were not observed in any of the experimental groups.Despite the common pathomorphological pattern of all experimental groups, there existed essential differences between them as far as in­tensity of the pathological process is concerned. In cultures grown with exogenous copper and ammonia the pathological changes of astroglia were most intense; this was decisive for shortening of the exposure time to the action of damaging agents to 3 days. In these groups of cultures, especially in that exposed to copper action hypertrophied astrocytes were less numerous; astrocytes with severely damaged processes prevailed. Opalski cells and typical naked nuclei were not a common feature. On the contrary, these cellular types were very numerous in cultures grown with sera from patients with hepatic coma, so were hypertrophied astrocytes appearing alongside with their degenerating forms. The least intense astrocytic lesions were found in cultures with sera of patients with Wilson’s disease. There were numerous hypertrophied astrocytes, Opalski cells and naked nuclei, less common were stellate cells showing features of non-specific degeneration.The immunofluorescent reaction was similar in all experimental groups, revealing an evident relationship between its intensity and the degree of morphological abnormality. Therefore IF-intensity was gene­rally weaker in cultures exposed to the action of copper and ammonia and higher in those grown with sera of patients with Wilson’s disease
http://rcin.org.pl



Immunopathology of glia 165and hepatic coma. The time of exposure to the action of the damag­ing factors influenced the immunomorphology of the culture to the same extent as it did to their histology. Cultures exposed for a longer period of time were more severely damaged and revealed weaker immunoflu­orescence than those with a shorter exposure period. Less differentiated cultures were more sensitive than older ones showing features of more advanced differentiation. Essential differences depended also on the im­mune sera used. This inclines to present the immunomorphological ob­servations separately for each antiserum.
Anti-GFAP serumHypertrophied astrocytes showed a strong immunofluorescent reac­tion of variable intensity (Figs 1—4). It was strongest in cells showing typical features of large fibrous astrocytes, contrasting with remarkably weaker fluorescence in cells, the morphology of which was indicative of a protoplasmic type of astroglia (Fig. 1). Bright immunofluorescence sharply outlined profiles of cellular processes. It was also more accen­tuated around cell nuclei (Fig. 2). Sometimes, mostly in hypertrophied astrocytes with abundant irregular cytoplasm and with short layered processes strong fluorescence was connected with bundles and net of fibrillary cytoplasmic structures (Figs 3, 4).A great variability of intensity of the immunofluorescent reaction was typical of degenerating astrocytes. It ranged from very strong to hardly visible (Figs. 5—8). As a rule it was more intense in those cells which still preserved their, if even rudimentary, processes (Figs 5, 6), although, even in cells with a relatively high intensity of reaction, its connection with intracytoplasmic fibrillary structures was not a feature. In this group of cells a strong dependence of the reaction intensity on the type of damaging factor was very clearly demonstrated. It was highest in cultures with sera from patients with hepato-lenticular de­generation (Fig. 5) and hepatic coma (Fig. 6) and considerably lower in those with exogenous ammonia (Fig. 7) and copper (Fig. 8). The variabili­ty of the reaction intensity in different cells led to a mosaic pattern of cultures.Cells resembling naked nuclei gave a very poor immunofluorescent reaction. Enlarged, oval negative nuclei were surrounded by slightly brighter rims of the residual cytoplasm (Fig. 9). Intense fluorescence around some of them was observed extremely seldom. Sporadically, large astrocytic nuclei were located on a background revealing flu­orescent reaction of fibrillary type with ill-defined outlines of individual cells (Fig. 10).A distinguishing bright reaction was noticed in the cytoplasm of ty­pical Opalski cells (Figs 11, 12). It was either homogeneous or granular
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Fig. 1. Anti-GFAP serum, 14-day-old culture in medium containing serum from 
patient with Wilson’s disease (3 days). Strong IF reaction in hypertrophied fibrous 
astrocytes and weaker in those with features of protoplasmic astroglia. X 250

Rye. 1. Surowica anty-GFAP. Hodowla 14-dniowa, z surowicą od chorego ze 
zwyrodnieniem wątrobowo-soczewkowym (3 dni). Widoczna żywa reakcja IF w prze- 
rośniętych astrocytach włóknistych i znacznie słabsza w komórkach o morfologicz­

nych cechach astrogleju protoplazmatycznego. Pow. 250 X
Fig. 2. Anti-GFAP serum, 10-day-old culture with medium containing serum from 

patient with Wilson’s disease (3 days). Hypertrophied astrocytes with an intense 
IF reaction. Strong fluorescence around cell nuclei and in cellular processes. 

X 250
Rye. 2. Surowica anty-GFAP, hodowla 10-dniowa z surowicą od chorego ze 

zwyrodnieniem wątrobowo-soczewkowym (3 dni). Silny odczyn IF w przerosłych 
astrocytach. Intensywne świecenie wokół jąder i w wypustkach komórkowych. 

Pow. 250 X
Fig. 3. Anti-GFAP serum, 14-day-old culture with serum from patient with Wil­

son’s disease (3 days). Strong IF reaction in hypertrophied astrocytes. Intense fluo- 
resence of bundles and network of fibrils within short, distended cellular processes.

X 250
Rye. 3. Surowica anty-GFAP, hodowla 14-dniowa z surowicą od chorego ze 

zwyrodnieniem wątrobowo-soczewkowym (3 dni). Silny odczyn IF w przerośniętych 
astrocytach. Zwraca uwagę świecenie sieci i pasm włókienek w cytoplazmie nie­

prawidłowych, płatowatych wypustek. Pow. 250 X
Fig. 4. Anti-GFAP serum, 12-day-old culture with exogenous copper salt (24 h). 

Hypertrophied astrocytes with strong IF reaction. Perikaryal cytoplasm with 
strongly fluorescent fibrillary network. X 300

Rye. 4. Surowica anty-GFAP, hodowla 12-dniowa z dodatkiem egzogennej mie­
dzi (24 godz.). Przerosłe, nieprawidłowe astrocyty z silnym odczynem IF. W cy­

toplazmie perykarialnej sieć włókienek z żywą fluorescencją. Pow. 300 X
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Fig. 5. Anti-GFAP serum, 14-day-old culture with serum from patient with 
Wilson’s disease (3 days). Varying intensity of IF reaction in astrocytes with 
different degree of structural lesions. Bright fluorescence of preserved cellular 

processes. X 250
Rye. 5. Surowica anty-GFAP, hodowla 14-dniowa z surowicą od chorego ze 

zwyrodnieniem wątrobowo-soczewkowym (3 dni). Zróżnicowana intensywność od­
czynu IF w astrocytach o różnym stopniu uszkodzenia. Żywa fluorescencja w więk­

szości zachowanych wypustek. Pow. 250 X

Fig. 6. Anti-GFAP serum, 15-day-old culture with serum from patient with 
hepatic coma (6 days). Variability of IF reaction in degenerating astrocytes. Traces 

of fluorescence are seen in the remaining cellular processes. X 250
Rye. 6. Surowica anty-GFAP, hodowla 15-dniowa z surowicą od chorego ze 

śpiączką wątrobową (6 dni). Zróżnicowany odczyn IF w wyrodniejących astrocy­
tach. Ledwie zaznaczone zarysy nielicznych wypustek komórkowych. Pow. 250 X

Fig. 7. Anti-GFAP serum, 10-day-old culture with exogenous ammonia (24 h). 
Weak IF reaction in hypertrophied astrocytes, most of which are lacking processes.

X 380
Rye. 7. Surowica anty-GFAP, hodowla 10-dniowa z egzogennym amoniakiem 

(24 godz.). Słaby odczyn IF w przerośniętych, głównie bezwypustkowych astrocy­
tach. Pow. 380 X

Fig. 8. Anti-GFAP serum, 6-day-old culture with exogenous copper (48 h). 
Most astrocytes, lacking cellular processes exhibit weak IF reaction. Stronger 

fluorescence is seen in some of the remaining processes. X 380
Rye. 8. Surowica anty-GFAP, hodowla 6-dniowa z egzogenną miedzią (14 godz.). 

Większość astrocytów pozbawionych wypustek wykazuje słaby odczyn IF. Żywsza 
fluorescencja w nielicznych zachowanych wypustkach. Pow. 380 X
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Fig. 9. Anti-GFAP serum, 15-day-old culture with serum from patient with 
hepatic coma (6 days). Most of the cells represented by enlarged, round or oval 
naked nuclei surrounded by a narrow rim of weak fluorescence (arrows). Some 
cells of the same type with a wider cytoplasmic ring with stronger IF reaction. 

X 250
Rye. 9. Surowica anty-GFAP, hodowla 15-dniowa z surowicą od chorego ze 

śpiączką wątrobową (6 dni). Większość komórek reprezentują okrągłe lub owalne 
nagie jądra otoczone wąskim rąbkiem bardzo słabej fluorescencji (strzałki). Nielicz­

ne — otoczone są obfitą cytoplazmą z żywym odczynem IF. Pow. 250 X
Fig. 10. Anti-GFAP serum, 15-day-old culture with serum from patient with 

hepatic coma (6 days). Enlarged astrocytic nuclei against weakly fluorescent back­
ground with hardly visible cellular boundaries. Somewhat stronger IF reaction 

in the remaining cellular processes. X 400
Rye. 10. Surowica anty-GFAP, hodowla 15-dniowa z surowicą chorego ze 

śpiączką wątrobową (6 dni). Powiększone jądra astrocytów na słabo świecącym 
tle ze słabo widocznymi błonami poszczególnych komórek. Nieco silniejszy odczyn 

IF w nielicznych zachowanych wypustkach. Pow. 400 X
Fig. 11. Anti-GFAP serum, 15-day-old culture with serum from patient with 

hepatic coma (6 days). Typical Opalski cells with strong homogeneous IF reaction 
against background of degenerating astrocytes with weak fluorescence. X 600

Rye. 11. Surowica anty-GFAP, 15-dniowa hodowla z surowicą od chorego ze 
śpiączką wątrobową (6 dni). Typowe komórki Opalskiego z silnym, homogennym 
odczynem IF, na tle zwyrodniałych astrocytów ze słabą fluorescencją. Pow. 600 X

Fig. 12. Anti-GFAP serum, 14-day-old culture with exogenous ammonia (3 days). 
Opalski cell with strong cytoplasmic fluorescence against background of weak 
reaction in damaged glial cells. In the lower part spongioblastic-like cell with 

strong fluorescence. X 600
Rye. 12. Surowica anty-GFAP, 14-dniowa hodowla z egzogennym amoniakiem 

(3 dni). Komórka Opalskiego z żywym odczynem IF w cytoplazmie, na tle słabej 
fluorescencji pozostałych komórek glejowych. W dolnej części ryciny spongiobla- 

styczna komórka z żywym odczynem. Pow. 600 X
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in nature. No fluorescence connected with fibrillary cytoplasmic structu­
res was seen. The same nature and intensity of the reaction was found 
in those cells which seemed to represent transitions between hypertro­
phied astrocytes and typical Opalski cells (Fig. 13).

Anti-G S serum

As in the previous group, the positive immunofluorescent reaction 
was confined to the astroglial population. Comparing with reaction with 
anti-GFAP serum, it was different in intracytoplasmic distribution and 
nature. In no case, even in most hypertrophied astrocytes, was the reac­
tion connected with cytoplasmic fibrillary structures. It was always ho­
mogeneous and evenly distributed in the perikaryal cytoplasm, cellular 
processes and perivascular end feet. The highly positive reaction of hy­
pertrophied astrocytes contrasted with the negative vascular walls (Fig. 
14). All cellular equivalents of hepatogenic gliopathy gave positive im­
munofluorescent reactions. The variability of reaction intensity was 
lesser than in the previous group. It was the same in large hypertrophied 
cells (Fig. 15) and in degenerating astrocytes with a varying degree of 
cellular damage (Fig. 17). A reaction of specially high intensity distin­
guished Opalski cells from the background of the remaining astrocytic 
population (Figs 15, 16). So it did in intermediate cells between hypertro­
phied astrocytes and typical Opalski cells (Fig. 17). The only weak 
reaction concerned naked nuclei.

Anti-glial serum

The immunofluorescent reaction with anti-glial serum was in gene­
ral strongest, as compared with other ones. The distinguishing feature 
was also its appearance in both astrocytic and oligodendroglial popula­
tions. Contrary to the control cultures not-subjected t'o any of the 
used pathogenic factors, the reaction intensity with antiglial serum was 
stronger in hypertrophied and degenerating astrocytes (Fig. 18) than in 
oligodendrocytes (Fig. 19). The outlines of cellular processes were less 
visible than in cultures with other antisera. The variability of the reac­
tion in different cell types was also less noticeable. Opalski cells showed 
a high intensity of immunofluorescent reaction in both perikarya and 
rudimentary processes (Fig. 20). The same was true for intermediate 
cells. On the contrary, the reaction around the naked nuclei was very 
weak (Fig. 21).

Control reactions

Control reactions performed either with sera of non-immunized rab­
bits or with PBS were negative (Fig. 22).
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Fig. 13. Anti-GFAP serum, 12-day-old culture with exogenous copper (24 h). 
Intermediate form between hypertrophied astrocyte and typical Opalski cell with 
strong IF reaction in perikaryon and residual processes. In the lower portion 
naked nuclei surrounded by a narrow rim of weak fluorescence and brightly shin­

ing Opalski cell. X 600
Rye. 13. Surowica anty-GFAP, hodowla 12-dniowa z egzogenną miedzią (24 godz.). 

Postać przejściowa między przerosłym astrocytem a uformowaną komórką Opal- 
skiego z żywym odczynem w cytoplazmie perykarialnej i nielicznych wypustkach. 
W dolnej części ryciny nagie jądra z wąską obwódką słabej fluorescencji oraz 

komórka Opalskiego z silnym świeceniem cytoplazmy. Pow. 600 X
Fig. 14. Anti-GS serum, 15-day-old culture with serum from patient with 

Wilson’s disease (3 days). Strong IF reaction in hypertrophied astrocytes, some of 
which are lacking cellular processes, contrasting with weak fluorescence of the 

capillary wall. X 300
Rye. 14. Surowica anty-GS, hodowla 15-dniowa z surowicą od chorego ze 

zwyrodnieniem wątrobowo-soczewkowym (3 dni). Żywy odczyn IF w przerośnię- 
tych astrocytach, z których część pozbawiona jest wypustek, kontrastujący z ne­

gatywnym odczynem ściany naczyniowej. Pow. 300 X
Fig. 15. Anti-GS serum, 6-day-old culture with exogenous copper (3 days). 

Against a dense background of astrocytes mostly deprived of processes with high 
IF reaction, strong cytoplasmic fluorescence of three Opalski cells is discernible.

X 400
Rye. 15. Surowica anty-GS, hodowla 6-dniowa z egzogenną miedzią (3 dni). 

Na zbitym tle astrocytów pozbawionych w większości wypustek, wykazujących 
silny odczyn IF, wyróżnia się intensywniejsza fluorescencja trzech komórek Opal­

skiego. Pow. 400 X
Fig. 16. Anti-GS serum, 14-day-old culture with serum from patient with 

Wilson’s disease (3 days). Loosely lying and grouped astrocytes with residual pro-
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DISCUSSION

The presented results indicate, that the pathological forms of astro­
cytes obtained in organotypic cerebellar culture preserve their funda­
mental immunomorphological properties, typical of astroglia in both 
in vivo and in vitro conditions. The applied antisera permitted to disclo­
se the presence of: 1) glial fibrillary acidic protein (GFAP), considered as 
an immunological marker of astrocytes, mostly fibrillary ones but to 
a lesser degree of protoplasmic ones (Eng et al. 1971; Bignami et al. 
1972; Antanitus et al. 1974; Bock et al. 1975, 1977; Ludwin et al. 1976). 
2) glutamine synthetase, typical astrocytic enzyme (Martinez-Hernandez 
et al. 1977; Riepe, Norenberg 1977; Norenberg; Martinez-Hernandez 1979) 
and 3) a chemically non-identified specific neuroglial antigen, common 
for both oligodendrocytes and astrocytes (Weinrauder, Lach 1975, 1977; 
Weinrauder, Kraśnicka 1980). They were present in all types of astro­
cytes appearing in the experimental cultures, both in those revealing 
features of progressive and regressive changes as well as in Opalski 
cells and naked nuclei. Particular types of cells revealed essential diffe­
rences in the immunohistochemical reaction, implicating a variable con­
tent of antigens. These differences expressed as an increase or reduc­
tion of the reaction intensity, seemed to be dependent on the biological 
state of cells, related with either their activation or damage of varying 
degree. The most intensive immunofluorescent reaction was observed 
in hypertrophied astrocytes and in Opalski cells, it was less pronounced, 
although greatly variable, in degenerating astrocytes with fragmented 
processes and in the cells deprived of processes, and the weakest in naked 
nuclei. Scarcity of immunofluorescent reactions in cells resembling Al­
zheimer cells, type II seems understandable in the light of electron 
microscope observations on their ultrastructure (Norenberg et al. 1974; 
Norenberg, Lapham 1974; Ostenda et al. 1976; Norenberg 1977) indicat­
ing almost total disintegration of their cytoplasmic structures.

However, evaluation of differences in the intensity of the immuno­
fluorescence reaction, especially in tissue culture conditions, requires 
great circumspection in view of its tremendous variability and heteroge- 
nicity in in situ conditions, in the case of all antisera applied (Bignami, 
Dahl 1974; Weinrauder, Lach 1975; Norenberg, Martinez-Hernandez 1979). 
On the other hand, it is well known that astrocytes in vitro, highly varia­
ble in their morphology, differ considerably in their structural and me-

cesses showing strong IF reaction. Very intense homogeneous fluorescence in the 
cytoplasm of Opalski cell (right lower corner). X 400

Rye. 16. Surowica anty-GS, hodowla 14-dniowa z surowicą od chorego ze 
zwyrodnieniem wątrobowo-soczewkowym (3 dni). Luźno leżące i zgrupowane astro- 
cyty pozbawione wypustek wykazują żywy odczyn IF. Znacznie intensywniejsza 
homogenna fluorescencja w cytoplazmie komórki Opalskiego (prawy dolny róg). 

Pow. 400 X
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172 M. J. Mossakowski, H. Weinrauder

Fig. 17. Anti-GS serum, 6-day-old culture with exogenous copper (48 h). In­
termediate forms between hypertrophied astrocytes and formed Opalski cells with 
strong IF reaction both in perikaryal cytoplasm and in residual processes. X 600

Rye. 17. Surowica anty-GS, hodowla 6-dniowa z egzogenną miedzią (48 godz.). 
Przejściowe formy komórkowe między hipertroficznymi astrocytami i uformowa­
nymi komórkami Opalskiego z żywym homogennym odczynem IF w cytoplazmie 

okołojądrowej i w wypustkach. Pow. 600 X
Fig. 18. Anti-glial serum, 8-day-old culture with serum from patient with 

Wilson’s disease (6 days). Strong fluorescent reaction in most astrocytes, great 
part of which shows fragmented processes. X 250

Rye. 18. Surowica antyglejowa, hodowla 8-dniowa z surowicą chorego ze zwy­
rodnieniem wątrobowo-soczewkowym (6 dni). Silny odczyn fluorescencyjny w astro- 
cytach, z których znaczna część wykazuje fragmentację wypustek. Pow. 250 X

Fig. 19. Anti-glial serum, 15-day-old culture with serum from patient with 
Wilson’s disease (3 days). Intense IF reaction in unchanged oligodendroglial popula­

tion (compare with Fig. 18). X 250
Rye. 19. Surowica antyglejowa, hodowla 15-dniowa z surowicą od chorego ze 

zwyrodnieniem wątrobowo-soczewkowym (3 dni). Żywa reakcja IF w populacji 
niezmienionego gleju skąpowypustkowego (porównaj z ryc. 18). Pow. 250 X

Fig. 20. Anti-glial serum, 14-day-old culture with serum from patient with 
hepatic coma (3 days). Intense immunofluorescent reaction in the cytoplasm and 
processes of Opalski cells (upper one with vacuolar degeneration) and in mostly 

processless astrocytes. X 380
Ryc. 20. Surowica antyglejowa, hodowla 14-dniowa z surowicą od chorego ze 

śpiączką wątrobową (3 dni). Żywa reakcja IF w cytoplazmie i resztkowych wy­
pustkach komórek Opalskiego (górna ze zwyrodnieniem wodniczkowym) oraz w bez- 

wypustkowych astrocytach. Pow. 380 X
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Fig. 21. Anti-glial serum, 12-day-old culture with exogenous copper (24 h). 
Moderate IF reaction in processless astrocytes and in forming Opalski cell, very 

weak in the cytoplasmic rim surrounding naked nucleus (arrow). X 400
Rye. 21. Surowica antyglejowa, hodowla 12-dniowa z egzogenną miedzią (24 godz.). 

Umiarkowany odczyn IF w astrocytach pozbawionych wypustek i formującej się 
komórce Opalskiego i bardzo słaby w rąbku cytoplazmatycznym wokół nagiego 

jądra (strzałka). Pow. 400 X
Fig. 22. Control reaction with PBS, 15-day-old culture with serum from 

patient with Wilson’s disease (3 days). IF reaction negative. Unspecific granular 
fluorescence in the cytoplasm of some degenerating astrocytes due to lipid accumula­

tion. X 400
Rye. 22. Odczyn kontrolny, z użyciem PBS, hodowla 15-dniowa z surowicą od 

chorego ze zwyrodnieniem wątrobowo-soczewkowym (3 dni). Brak reakcji immuno 
fluorescencyjnej. Ziarniste świecenie w cytoplazmie pojedynczych komórek ma 

charakter nieswoisty. Pow. 400 X

tabolic properties, as shown in histochemical studies, from their counter­
parts in situ (Kraśnicka, Mossakowski 1965, Mossakowski et al. 1966; 
Kraśnicka, Borowicz 1971). Cultured astrocytes resemble more reactive 
astroglia than the resting forms in situ. Bock et al. (1975, 1980) docu­
mented that the GFAP content in astrocytes in organotypic culture is 
significantly higher than in normal brain astrocytes. The maturation 
stage of astrocytes has also to be taken into consideration. In our studies 
newborn rat cerebellar cultures were used. Rat cerebellum at this stage 
contains a little differentiated glial population, which differentiates 
and maturates under in vitro conditions (Renkawek 1972). This may 
in an obvious way influence the content of different chemical compon­
ents of the cell and, therefore, change its immunomorphological picture. 
Bignami and Dahl (1973) showed that the appearance of GFAP in the 
ontogeny of astrocytes is connected with an outburst of gliofilaments 
proliferation in their cytoplasm.

The greatest differences in the intensity of the immunofluorescence 
reaction were observd in the case of anti-GFAP sera. However, its strong 
dependence on the degree of structural damage to the cellular popula­
tion is here a very striking feature. It found also expression in the de­
pendence on the pathogenic factors used. As a rule, the immunochemical
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reaction is stronger in cultures grown with sera from patients with 
Wilson’s disease and hepatic coma, in which structural impairment of 
astrocytes was less advanced, with prevailing features of astrocytic 
hypertrophy and formation of Alzheimer, type II and Opalski cells. 
A markedly lower intensity of IF was observed in cultures with exo­
genous copper and ammonia. These were dominated by non-specific 
astrocytic degeneration, with much less expressed cellular hypertrophy 
and appearance of Opalski cells and naked nuclei.

A typical picture of the immunohistochemical reaction with GFAP 
is characterized by bright fluorescence of fibrillary cytoplasmic structu­
res and astrocytic processes (Bignami et al. 1972). In our experimental 
material such a type of reaction was only observed in either normal 
fibrillary astrocytes or in hypertrophied cells. In most of the injured 
cells, in naked nuclei and in Opalski cells the reaction was homogeneous 
or granular. This may implicate either the predominance of protoplasmic 
astrocytes or a possible change of the physico-chemical nature of the 
antigen substance under the influence of the applied pathogenic factor. 
Cerebellar culture in vitro contains mixed population of fibrillary and 
protoplasmic astrocytes (Kraśnicka, Borowicz 1971). This would favour 
the possibility of different cellular reactions. However, the question may 
arise as to what factors are responsible for the mostly progressive respon­
se of fibrillary astrocytes and the predominantly degenerative one of pro­
toplasmic astroglia. The observations of Norenberg et al. (1972), indicating 
different reactions of astrocytes in various grey matter structures and 
less involvement of the white matter astroglia in experimental hepatic 
encephalopathy, may serve as a background for such an assumption. So 
is the homogeneous reaction in Opalski cells. Opalski (1930) thought that 
they represent an abnormality of protoplasmic astrocytes. Although this 
opinion did not find confirmation in further studies (Mossakowski 1966) 
nevertheless electron microscope observations concerning their structure 
revealed a striking paucity of gliofilaments in their cytoplasm (Mossa­
kowski et al. 1971). On the other hand, it has to be kept in mind that 
the nature of the immunohistochemical reaction can be dependent on 
numerous additional factors such as intensity of fluorescence, blurring 
its connection with the cytoplasmic fibrillary structures (see processes of 
fibrous astrocytes), intracellular arrangement and distribution of glio­
filaments, their density, degree of cell maturity and differentiation, and 
probably many others.

The strong immunohistochemical reaction with anti-GS serum in­
dicates a high content of enzyme both in hypertrophied and degenerat­
ing astrocytes as well as in Opalski cells. Its reduced content in Alzheimer 
cells type II can be explained similarly as in the case of GFAP by 
severe destruction of their cytoplasmic structures. Glutamine synthe­
tase known as a typical astrocytic enzyme (Norenberg 1979; Norenberg, 
Martinez-Hernandez 1979) seems to be a fundamental factor in ammonia
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detoxication in the central nervous system. Although significant in­
crease of glutamine synthetase is not a common feature in various types 
of hepatogenic encephalopathy (Hilgier 1983), its slightly enhanced con­
tent was found in immunohistochemical studies in a limited group of 
astrocytes (Norenberg 1981). Ammonia is considered to be one of the 
most probable candidates as the main pathogenetic factor in hepatogenic 
encephalopathy, the pathological picture of which is dominated by astro­
glial pathology (Hinfelt 1975; Mossakowski 1978, Norenberg 1981). High 
glutamine synthetase content in all abnormal astrocytes found in our 
present studies indicates that they can take part in ammonia detoxica­
tion process. This concerns even so severely changed cells as the naked 
nuclei and Opalski cells.

The high content of the specific neuroglial antigen, common for 
both oligodendrocytes and astrocytes indicates also the preservation of 
biological properties in damaged and changed astrocytes. The immuno­
histochemical reaction, stronger in astrocytes than in oligodendroglia, in 
contrast to cerebellar cultures grown in standard conditions (Weinrau- 
der, Kraśnicka 1980) may suggest even an increased intracellular pro­
duction of antigen under pathological conditions.

Our studies make possible the characterization of the histogenesis 
of Opalski cells. As mentioned above, Opalski (1930) considered them 
as a specific abnormality of protoplasmic astrocytes. Their astrocytic 
origin, although not necessarily from protoplasmic astroglia, is also sup­
ported by their impregnation abilities and histochemical properties (Mossa­
kowski 1965). However, Kryspin-Exner (1931) believed them to be of 
microglial origin and Greenfield (1963) considered them as a special 
form of phagocytes. For Victor et al. (1965) they are degenerating nerve 
cells. We strongly believe that the content of typical astroglial antigens 
in their cytoplasm, settles the question of their astrocytic origin.
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IMMUNOMORFOLOGIA GLIOPATII WĄTROBOWEJ IN VITRO

Streszczenie

Przeprowadzono badania immunomorfologiczne z użyciem surowic odpornościo­
wych przeciwko GFAP, syntetazie glutaminy (SG) i swoistemu antygenowi glejo­
wemu wspólnemu dla astrocytów i oligodendrocytów, na hodowlach organotypo- 
wych móżdżku noworodków szczurzych, w których doświadczalnie wywoływano 
zmiany komórkowe typowe dla encefalopatii wątrobowej i choroby Wilsona.
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Hodowle prowadzono z surowicami od chorych, ze zwyrodnieniem wątrobowo- 
-soczewkowym lub śpiączką wątrobową oraz z dodatkiem egzogennego octanu mie­
dzi, lub chlorku amonu.

Odczyny immunohistochemiczne wykazały obecność GFAP, SG i swoistego anty­
genu glejowego we wszystkich typach nieprawidłowych astrocytów stanowiących 
wykładniki gliopatii wątrobowej. Intensywność cdczynu immunofluorescencyjnego 
wykazywała zależność od stopnia strukturalnego uszkodzenia komórek. Była ona 
najwyższa w przerosłych astrocytach i w komórkach Opalskiego, niższa w wyrod­
niejących komórkach gwiaździstych, a najniższa w komórkach Alzheimera, typu II. 
Uzyskane wyniki wskazują, że nawet najbardziej zmienione lub uszkodzone komór­
ki glejowe zachowywały typowe właściwości astrocytów. Wydaje się to szczególnie 
ważne w przypadku syntetazy glutaminy, gdyż jej obecność w uszkodzonych ko­
mórkach glejowych wskazuje na możliwość ich udziału w procesie detoksykacji 
amoniaku, stanowiącego jak się wydaje podstawowe ogniwo w patogenezie ence­
falopatii wątrobowej. Obecność swoistych antygenowych znaczników astroglejowych 
w komórkach Opalskiego może przesądzać o ich astrocytarnym pochodzeniu.

WMMyHOMOPOOJIOrMR nEREHOHHOK rJIMOIIATKM

Pe3K>Me

IIpoBeAeHO HMMyHOMop^onornHecKHe HCCJienoBaHH« c npuMeHemieM hmmyhhbix cbi- 
bopotok npoTHB khcjioto TJino3Horo 4)H6pHjumpHoro Sentca (GFAP), cnHTeTa3bi rjiyTaMHHa 
(SG) h cneuH(j)HHecKoro rjinajiBHoro aHTHreHa oóujero jjjui acTpouHTOB h ojiHroneHąpouHTOB 
B OpraHOTHnHHHbIX KyjlbTypaX M03XeHKa KpbICHHbIX HOBOpOJKJjeHHblX, B KOTOpbIX OKcnepuMeH- 
TajibHo Bbi3biBaHO KjieTOHHbie M3MeneHna THnHHHbie fljia neneHOHnon 3Hije(j)ajionaTHH u 6ojic3hu 
BHJibcoHa.

KyjibTypbi óbuiH BeaeHbi c cbiBopoTxaMH ot 6ojibHbix c renaTO-neHTHKyjiapHoił jiereHepa- 
UHeił hjih c neHeHOHHOii komoM h c aoóaBKOH 3K3oreHHoro aueTaTa MejiH hjih xnopncToro aMMo- 
HHH.

PlMMyHorHCTOxHMHHecKHe peaKUHH o6HapyxHJin HanHHHe GFAP, SG h cneun^HnecKoro 
rjiHajibHoro aHTurena bo Bcex THnax HenopNiajibHbix acrpouwroB cocTaBnaiom,Hx noxaiaTejin 
neneHOHHOH rjiHonaTHH. MHTeHCHBHOCTb HMMyHO(|)jiyopecLieHTHOH peaxijHH noKa3biBajia 3aBn- 
CHMOCTb ot creneHH riOBpexAenHH crpyKTypajibHbix kjictok. Ona 6buia cawoft BbicoKOń b rnnep- 
TpocjjHHecKMx acTpouHTax h b KJieTKax OnajibCKoro, HH3uieii b BbipoxjiaiouiHxcH acTpouHTax, 
a caMoft HH3Koft b KjieTxax AjibureńMepa II nina. nojiyneHHbie pe3yjibTaTbi yKa3biBatoT Ha to, 
hto jiaxe HaMÓojiee H3MeHeHHbie hjih noBpexaeHHbie rjinajibHbie kjictkh coxpaHJuiH THiiHHHbie 
CBoiicTBa acTpouHTOB. 3to xaxeTca ocoóenHo BaxHbiM b cjiynae cHHTeTa3bi rjiyTaMHHa, noTOMy 
hto ero HajiHHHe b noBpexaeHHbix rjinajibHbix KJieTtcax yKa3biBaer Ha BO3MoxHOCTb hx ynacTHa 
b npouecce seTOKCHKauHH aMMnaxa, cocTaBJiaiomeń, Kas xaxeTca, ochobhoc 3bcho b naTore- 
He3e neneHOHHOH OHuecjjajionaTHH. Hajinane cneuH^HHecKHx aHTHreHHbix acTporjiHajibHbix noxa- 
3aTejien b xneTxax OnajibCKoro MoxeT npejjonpeaejiaTb hx acTpouHTapHoe npoHCxoxneHHe
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