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Wigkszos$¢ prac dotyczacych zaburzen bariery krew — mozg (BBB) w niedo-
krwieniu, oparta jest na modelach doswiadczalnych. Obserwacje pacjentow
z udarem niedokrwiennym mozgu wykazuja, ze przebieg kliniczny udaru
z dlugotrwatym czgsto obrzgkiem mozgu i narastaniem objawow klinicznych,
ro6zni si¢ znacznie od przebiegu doswiadczalnie wywolanego niedokrwienia.
Obserwacje kliniczne wskazuja rowniez, ze proces ten przebiega roznie
w zaleznosci od wieku. Czesto spotyka si¢ przypadki prawie bezobjawowego
przebiegu zakrzepu tetnicy szyjnej wewnetrznej u ludzi starych oraz dramaty-
cznego przebiegu zakonczonego zgonem u ludzi w wieku mtodym i srednim.
Roézny przebieg kliniczny moze by¢ odbiciem odmiennego stanu uszkodzen
strukturalnych os$rodkowego ukladu nerwowego. Nasze badania stanowia
probe poroéwnania zaburzen przepuszczalnosci naczyn we wczesnym okresie
udaru niedokrwiennego u ludzi w wieku $rednim i starczym.

MATERIAL I METODY

Badania przeprowadzono na moézgach chorych, ktorzy zmarli w przebiegu
udaru niedokrwiennego mézgu. Materiat obejmowat 6 przypadkoéw zmartych
w wieku od 45 do 57 lat i 9 przypadkow w wieku od 80 do 101 Iat.
W pierwszych pigciu dniach choroby poréwnywano zmiany w przypadkach
w wieku Srednim i starczym. Powyzej 5 dnia oceniono 1 przypadek w wieku
srednim (50 lat) oraz 4 przypadki starcze w wieku 101 lat, 87, 871 83 (6, 11, 12,
15 i 35 dzien udaru). Sekcj¢ ogdlna wykonano do 24 godz. po zgonie.
Podstawowa charakterystyke materialu przedstawiono w tabeli 1.

** Praca wykonana w ramach problemu wezlowego CPBP — 06-02. II.1.4.
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Tabela 1. Materiat
Table 1. Material

Wiek Ok_res. Miaidi}:ca
Nr (lata) przezycia Sekcja ogodlna naczyn Badanie makroskopowe mozgu
(dni) mozgu
A Survival Postmort Brain vessels
No (yf:) time e)?asm?r?;tii)? arterioscle-  Gross-examination of brain
(days) rosis
1 57 1 Infarctus cordis + +  Encephalomalacia haemorrhagica in
reg. vascularisationis a. cerebri me-
diae dextrae. Oedema
2 84 1 Oedema pulmonum. +++  Thrombosis a. basilaris
Infarctus cordis
3 53 2 Embolia a. pulmonalis. —  Encephalomalacia  haemorrhagica
Oedema pulmonum in reg. vascularisationis a. fossae
Sylvii lateris dextri. Oedema
4 80 2 Miocardio-fibrosis +  Thrombosis a. cerebri mediae sini-
dyspersa. Atherosclero- strae Encephalomalacia alba in reg.
sis universalis gradu vascularisationis eiusdem arteriae.
magno Oedema
5 49 3 Vitium mitrale +++  Encephalomalacia haemorrhagica in
cordis reg. vascularisationis a. cerebri
mediae et anterioris dextrae
6 88 3 Oedema pulmonum. ++  Encephalomalacia alba in reg. Vas-
Hypertrophia ventri- cularisationis a. cerebri anterioris
culi sinistri cordis dextrae. Oedema
7 55 4 Oedema pulmonum. +  Encephalomalacia alba in reg. vas-
i Hypertrophia ventri- cularisationis a. cerebri mediae sini-
culi sinistri cordis strae. Oedema
8 89 4 Oedema pulmonum. +  Encephalomalacia haemorrhagica in
Pneumonia reg. vascularisationis a. cerebri po-
sterioris sinistrae et a. cerebelli su-
perioris
9 45 5 Pneumonia et media- —  Encephalomalacia alba in reg. vas-
stinitis cularisationis a. cerebri mediae dex-
: trae
10 86 5 Pneumonia + +  Encephalomalacia haemorrhagica in
reg. vascularisationis a. cerebri me-
diae sinistrae. Oedema
11 101 6 Pneumonia. Hyper- +++  Encephalomalacia haemorrhagica in
E trophia ventriculi reg. vascularisationis a. fossae Sylvii
sinistri cordis lateris sinistri
12* 87 11 Infarctus cordis. +++  Encephalomalacia alba in reg. vas-
Hypertrophia cularisationis a. cerebri mediae
dextrae
13* 50 12 Embolia thromboge- ++  Encephalomalacia haemorrhagica in
nes aa. pulmonales reg. vascularisationis a. cerebri
mediae dextrae. Oedema
14* 87 15 Embolia a. pulmona- +  Encephalomalacia alba in reg. vas-
lis 3 cularisationis a. cerebri mediae dex-
trae
15 83 35 Pneumonia +  Thrombosis a. carotis internae sini-

strae. Encephalomalacia haemor-
rhagica in reg. vascularisationis a.
cerebri mediae sinistrae. Oedema

* Przypadki z nadci$nieniem tg¢tniczym
Cases with arterial hypertension
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Bloki tkankowe pobrane z ognisk zawalowych oraz z przeciwleglej potkuli,
traktowanej jako material porownawczy, utrwalono w 10% buforowej for-
malinie i zatapiano w parafinie. Skrawki do badan histologicznych barwiono
rutynowo HE i wedlug metody Kliivera— Barrery. Do oceny zmian przepusz-
czalnosci naczyn zastosowano technike immunoperoksydazy posredniej we-
dlug Sternbergera i wsp. (1970) w celu uwidocznienia tkankowej i komorkowej
lokalizacji nastgpujacych bialek surowicy krwi: albuminy, IgG i makro-
globuliny. Ponadto oceniono nacieki krwiopochodne za pomoca przeciwciat
przeciwko alfa,-antytrypsynie stanowiacej znacznik komorek histiocytarnych
(McCombe i wsp. 1985; Kochi, Budka 1987).

Metoda immunoperoksydazy posredniej polegata na kolejnych inkubac-
jach odparafinowanych preparatow, poczatkowo z surowica normalna $wini
(1:100) przez 1 godz w celu wygaszenla niespecyficznego tla, a nastgpme przez
noc z wyzej wymienionymi przeciwcialami odpowiednio rozcienczonymi:
albumina (1:5000, Biomed, Polska), alfa,-antytrypsyna (1:1000, Dakopatts,
Dania), IgG (1:5000, Biomed, Polska) i makroglobulina (1:3000, Biomed,
Polska). Po kilkakrotnym ptukaniu w PBS skrawki inkubowano po 45 min,
z przeciwciatami $wini przeciwko globulinom krolika (1: 50, Dakopatts, Dania)
oraz kompleksem peroksydazy -antyperoksydazy (Dakopatts, Dania). Reakcje
uwidoczniono umieszczajac preparaty w 0,05% roztworze diaminobenzydyny
(Sigma, USA) z dodatkiem 0,01% wody utlenionej. Po skontrastowaniu
hematoksylina i odwodnieniu w alkoholach o wzrastajacych stezeniach,
preparaty zamykano za pomoca De-Pe-X (Serva, RFN).

WYNIKI
Badania histopatologiczne

Przypadki w wieku 45—47 lat. We wszystkich przypadkach zawal krwoto-
czny zlokalizowany byt w obszarze unaczynienia tetnicy srodkowej mozgu.
W pierwszych 2 dniach w obszarze martwicy nie stwierdzono odczynu
komorkowego, poza pojedynczymi makrofagami skupionymi przy nielicznych
naczyniach. Obszar zawalu odgraniczony byl miejscami od otoczenia girlan-
dowatym pasmem zgabczalej tkanki. Obszar martwicy rozptywnej z tworze-
niem si¢ roznej wielkosci jam, wypelnionych makrofagami obserwowano od
3 dnia udaru. Wystgpowaly one zarowno w korze, jak i w istocie bialej.
Otaczajace je tkanki byly rozrzedzone, w ich obrgbie widoczne byly odczynowe
astrocyty. W 3 dniu obszar martwicy miejscami oddzielony byt od przyleglej
martwicy niezupeinej waskim pasmem tkanki z licznymi drobnymi naczyniami
1 makrofagami. W 4, 5 i 12 dniu zawalu zmiany byly podobne, ale nieco
bardziej nasilone. W obregbie zgabczatej tkanki obserwowano skupiska makro-
fagow, bardziej rozlegle byly obszary jamistego rozpadu i wyrazna reakcja
astrocytow z tworzeniem postaci gcmistocytarnych w tkankach otaczajacych
zawal.

Przypadki w wieku 80— 101 lat. Poza Jednym przypadkiem zawalu mostu
(przyp. 2) ogniska martwicze zlokalizowane byly w obszarze unaczynienia
tetnicy srodkowej mozgu. W pierwszych dwoch dniach udaru w barwieniu HE
stwierdzono jedynie nieregularne zgabczenie tkanki bez cech rozbiorki. Niewiel-
kie okolonaczyniowe skupiska granulocytow widoczne byly w 3 i 4 dniu
choroby. W tym tez dniu zawal odgraniczony byl od tkanek otaczajacych

http://rcin.org.pl
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girlandowatym pasmem zgabczalej tkanki. W 4 dniu choroby obszar zawatlu
wykazywat nasilony stan gabczasty. Na pograniczu martwiczo zmienionych
i przylegtych warstw kory rzadko obserwowano pateczkowate komorki mikro-
gleju. Wyrazniejszy proces rozbiorki zawalu w postaci skupisk makrofagow
w obrebie zgabczalej tkanki widoczny byl w przypadku z S-ciodniowym
przezyciem. Przypadek ten odznaczal si¢ masywnymii przesickami okotonaczy-
niowymi. Jednakze w 6 dniu choroby w przypadku zmarlego w wieku 101 lat,
w obszarze zawalu nie stwierdzono strukturalnych wyktadnikoéw procesow
rozbiorkowych, a jedynie nasilony stan gabczasty wyznaczal brzeg martwiczej
tkanki. Nieco mniej zgabczale tkanki otaczaly ognisko zawatu. W 11, 15 i 35
dniu proces rozbiorki mezodermalno-glejowej byl wyraznie zaawansowany
1 manifestowat si¢ obecnoscia licznych komorek zernych w ognisku udarowym.
W obszarze martwicy niezupelnej otaczajacej ognisko zawalu widoczny byt
rozplem reaktywnego astrogleju z tworzeniem postaci gemistocytarnych.

Badania immunocytochemiczne

W badaniach immunocytochemicznych oceniano reakcj¢ dyfuzyjna, okoto-
naczyniowa i $srodkomorkowa. Rozleglos¢ reakcji dyfuzyjnej w badanych
przypadkach przedstawiono graficznie na rycinie 20.

Albumina. Reakcja dyfuzyjna obecna byla we wszystkich przypadkach,
znacznie jednak rozleglejsza w wieku srednim, w ktorym, w przeciwienstwie
do przypadkow w wieku starczym, widoczna byta od pierwszego dnia udaru
(ryc. 1). W pierwszych 3 dniach udaru reakcja dyfuzyjna byta mniej rozlegta
i intensywna w starczej grupie wieku (ryc. 1, 2, 3). Wyjatek w tym wzgledzie
stanowil przypadek Nr 3 (lat 53, 2 dzien), w ktérym odczyn immunohis-
tochemiczny mial nieznaczne nasilenie. Nalezy zwrocic¢ jednakze uwage na fakt,
iz w przypadku tym badany skrawek zawieral stosunkowo niewielki obszar
martwicy krwotocznej, stanowiacy brzeg ogniska zawalowego. W dalszych

Ryc. 1. Przyp. 1 (57 lat). Albumina. Wyrazna reakcja dyfuzyjna w obszarze zawalu otoczonego
girlandowatym pasmem zgabczenia. Pow. 32 x

Fig. 1. Case 1 (57 years). Albumin. Distinct diffuse reaction within infarct area surrounded by
a festoon-like spongy tissue band. x 32

http://rcin.org.pl
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Ryc. 2. Przyp. 5 (49 lat). Albumina. Rozlegta reakcja dyfuzyjna w obszarze zawatu, szczegblnie
nasilona w martwiczej korze. Pow. 1 x
Fig. 2. Case 5 (49 years). Albumin. Extensive diffuse reaction within infarct area, especially
pronounced in necrotic cortex. x 1

Ryc. 3. Przyp. 6 (88 lat). Albumina. Dyfuzyjna reakcja w trzonie jadra ogoniastego oraz w zawoju
czolowym goérnym i srodkowym. Pow. 1 x

Fig. 3. Case 6 (88 years). Albumin. Diffuse reaction within caudate nucleus body and in frontal
superior and middle gyri. x 1

s
Ryc. 4. Przyp. 4 (80 lat). Albumina. Srédkomérkowa reakcja komoérek nerwowych kory wyspy.
Pow. 448 x

Fig. 4. Case 4 (80 years). Albumin. Intracellular reaction of insula cortex neurons. x 448
Ryc. 5. Przyp. 1 (57 lat). Albumina. Dyfuzyjna reakcja w skorupie. Srodkomoérkowa reakcja
makrofagow. Pow. 448 x

Fig. 5. Case 1 (57 years). Albumin. Diffuse reaction within putamen. Intracellular reaction of
macrophages. x 448
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dniach nasilenie odczynu wzrastato. Byt on najrozleglejszy w 5, 11, 151 35 dniu
choroby (ryc. 20) w przypadkach z intensywna rozbidorka mezodermal-
no-glejowa.

Reakcja okolonaczyniowa widoczna byla w czesci przypadkow, glownie
charakteryzujacych si¢ dos¢ rozleglym odczynem dyfuzyjnym. W obszarze
zawalu odczyn immunohistochemiczny ujawnial obecnos¢ albuminy w ko-
morkach nerwowych (ryc. 4), Scianach naczyn krwiono$nych i w makrofagach
(ryc. 5). W polach martwicy niezupelnej odczynowe astrocyty i gemistocyty
wykazywaly dodatnia reakcje na albuming od 3 dnia choroby. Niekiedy
srodkomoérkowy odczyn widoczny byt w okolicach oddalonych od zawatu

Ryec. 6. Przyp. 1 (57 lat). Albumina. Srodkomorkowa reakcja komoérek nerwowych i ich wypustek
w polu h, sektora Sommera. Pow. 448 x

Fig. 6. Case 1 (57 years). Albumin. Intracellular reaction of neurons and their processes in part h,
of Sommer sector. x448
Ryc. 7. Przyp. 3 (53 lata). Albumina. Srodkomoérkowa reakcja reaktywnych astrocytéw podwys-
ciotkowych i komorek wysciotki. Pow. 448 x

Fig. 7. Case 3 (53 years). Albumin. Intracellular reaction of subependymal active astrocytes and
ependymal cells. x 448

http://rcin.org.pl
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1 wystepowal w komorkach nerwowych (ryc. 6), odczynowych astrocytach
(ryc. 7), oponach, wysciolce i splocie naczyniowkowym (ryc. 7, 8).

IgG. Reakcja dyfuzyjna, podobnie jak w odczynie na albuming, wyste-
powala we wszystkich przypadkach. Byla ona rozleglejsza i bardziej intensyw-
na w przypadkach w srednim wieku (ryc. 9, 10) i pojawiala si¢ juz od 1 dnia
zawaltu. Niekiedy byla ostro odgraniczona od obszaru martwicy niezupeinej,
otaczajacej tkanki martwicze (ryc. 10). W starczej grupie odczyn dyfuzyjny IgG
byl bardzo nikly w pierwszych 4 dniach choroby, w p6zniejszych dniach byt on
wyrazniejszy i intensywniejszy (ryc. 11).

Reakcja okotonaczyniowa wystgpowata, przede wszystkim, w przypadkach
z wyraznym odczynem dyfuzyjnym. Srodkomoérkowa reakcja immunohis-
tochemiczna w obszarze zawalu i przyleglego obszaru martwicy niezupeinej
wystepowala z ro6zna intensywnoscia w komorkach nerwowych, makrofagach,
odczynowych astrocytach i stwardniatlych $cianach naczyn krwionos$nych.
Gemistocyty w obszarze martwicy niezupeinej wybarwione byly w wigkszosci
przypadkéw od 3 dnia choroby (ryc. 10). Odczyn srodkomorkowy w komor-
kach nerwowych i reaktywnych astrocytach w tkankach oddalonych od
ogniska zawalu obserwowano znacznie rzadziej niz w przypadku albuminy.
Niekiedy wybarwione byly opony przylegle do obszaru zawalu (ryc. 9).

Alfa,-makroglobulina. Niezaleznie od grupy wieku zmartych odczyn dyfu-
zyjny byl znacznie mniej rozlegly i intensywny niz w przypadku albuminy

Ryc. 8. Przyp. 3 (53 lata). Albumina. Dodatnia reakcja komorek wysciotki i splotu naczyniow-
kowego. Dyfuzyjne zabarwienie okolicy podwysciotkowej. Pow. 112 x

Fig. 8. Case 3 (53 years). Albumin. Positive reaction of ependymal and chorioid plexus cells. Diffuse
staining of subependymal region. x 112
Ryc. 9. Przyp. 5 (49 lat). IgG. Dyfuzyjna reakcja kory mozgu w obszarze zawatu z zaoszczedzeniem
warstwy drobinowej po jednej stronie. Dodatnia reakcja opon i $cian oponowych naczyn
krwiono$nych. Pow. 32 x

Fig. 9. Case 5 (49 years). IgG. Diffuse reaction of cerebral cortex within infarct area with molecular
layer spared on one side. Positive reaction of meninges and meningeal blood vessels. x 32

http://rcin.org.pl



Ryc. 10. Przyp. 5 (49 lat). IgG. Intensywna reakcja dyfuzyjna w obszarze martwicy warstwowej
kory, mniej intensywna w przyleglej warstwie drobinowej. Srodkomorkowa reakcja gemistocytow
w warstwie I. Pow. 224 x

Fig. 10. Case 5 (49 years). IgG. Intensive diffuse reaction within laminar cortical necrosis, less
intensive reaction in adjacent molecular layer. Intracellular reaction of molecular layer gemisto-
cytes. x224

Ryc. 11. Przyp. 12 (87 lat). IgG. Wyrazna reakcja dyfuzyjna w martwiczej tkance, staba reakcja
dyfuzyjna w przyleglej, mniej zmienionej warstwie drobinowej. Srodkomoérkowa reakcja makro-
fagoéw i gemistocytow. Pow. 224 x
Fig. 11. Case 12 (87 years). IgG. Evident diffuse reaction in necrotic tissue. Slight diffuse reaction
within adjacent molecular layer less changed. Intracellular reaction of macrophages and gemis-
‘tocytes. x224 .

. 4 Fh
Ryc. 12. Przyp. 3 (53 lata). Alfa,-makroglobulina. Ckotonaczyniowa i dyfuzyjna reakcja w obszarze
zawalu. Pow. 224 x
Fig. 12. Case 3 (53 years). Alpha,-macroglobulin. Perivascular and diffuse reaction within infarct
area. x224
Ryc. 13. Przyp. 5 (49 lat). Alfa,-makroglobulina. Dyfuzyjna reakcja w II i III warstwie kory.
Srédkomérkowa reakcja reaktywnych astrocytow i gemistocytow. Pow. 112 x

Fig. 13. Case 5 (45 years). Alpha,-makroglobulin. Diffuse reaction within the 2nd and 3rd cortical
layers. Intracellular reaction of reactive astrocytes and gemistocytes. x 112

http://rcin.org.pl
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Ryc. 14. Przyp. 7 (55 lat). Alfa,-makroglobulina. Reakcja okolonaczyniowa w gornych warstwach
kory w obszarze zawalu. Pow. 224 x
Fig. 14. Case 7 (55 years). Alpha,-macroglobulin. Perivascular reaction in upper cortical layers
within infarct area. x224

Ryc. 15. Przyp. 6 (88 lat). Alfa,-antytrypsyna. Okolonaczyniowa oraz slaba dyfuzyjna reakcja
w obszarze zawalu. Pow. 112 x

Fig. 15. Case 6 (88 years). Alpha-antitrypsin. Perivascular and slight diffuse reaction within infarct
area. x 112

Ryc. 16. Przyp. 5 (49 lat). Alfa-antytrypsyna. Wyrazna reakcja dyfuzyjna w obszarze martwicy
warstwowej. Srodkomorkowa reakcja makrofagow i gemistocytow w przyleglej I warstwie kory.
Pow. 224 x
Fig. 16. Case 5 (49 years). Alpha,-antitrypsin. Distinct diffuse reaction within laminar necrosis.
Intracellular reaction of macrophages and gemistocytes in adjacent molecular cortical layer. x 224

Ryc. 17. Przyp. 13 (50 lat). Alfa,-antytrypsyna. Wyrazna reakcja okotonaczyniowa i dyfuzyjna
w obszarze zawatu. Srodkomoérkowa reakcja odczynowych astrocytow. Pow. 224 x

Fig. 17. Case 13 (50 years). Alpha,-antitrypsin. Distinct perivascular and diffuse reaction within
infarct area. Intracellular reaction of macrophages and reactive astrocytes. x 224

http://rcin.org.pl
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i IgG. W pierwszych dniach udaru obserwowano jednak réznicg pomiedzy
przypadkami w wieku Srednim i starczym (ryc. 12 i 20). W wieku starczym
rozlegla reakcje dyfuzyjna stwierdzono jedynie w 15 i 35 dniu zawatu (ryc. 20).
Czesto ograniczona byla ona wylacznie do obszaru martwicy. Niekiedy
widoczna byla w obrebie martwicy warstwowej kory (ryc. 13). W czesci
przypadkow obecny byl réwniez odczyn okotonaczyniowy wystepujacy w ob-
szarze zawatu (ryc. 14), szczeg6lnie wyrazny w polach przesigku w przypadkach
LOHIELS,

Odczyn srodkomorkowy byt nikly i1 rzadko stwierdzano go tylko w gemis-
tocytach 1 odczynowych astrocytach w obszarze martwicy niezupelnej (ryc. 13).
Sporadycznie wybarwione byly rowniez oddalone od ogniska komorki ner-
wowe 1 splot naczyniowkowy. 1

Ryc. 18. Przyp. 12 (83 lata). Alfa,-antytrypsyna. Lekkie dyfuzyjne wybarwienie podtoza. Srod-
komoérkowa reakcja gemistocytow oraz zeszkliwiatych Scian naczyn krwiono$nych. Pow. 224 x

Fig. 18. Case 12 (83 years). Alpha,-antitrypsin. Light diffuse staining of the background.
Intracellular reaction of gemistocytes and hyalinized walls of blood vessels. x 224
Ryc. 19. Przyp. 10 (86 lat). Alfa,-antytrypsyna. Intensywna reakcja przesigku okolonaczyniowego.
Pow. 224 x

. Fig. 19. Case 10 (86 years). Alpha,-antitrypsin. Intensive reaction of the perivascular transudate.
x 224

Alfa -antytrypsyna. Rozleglos¢ i intensywnos¢ odczynu dyfuzyjnego byta
podobna w obu grupach wieku, jedynie w 3 i 4 dniu udaru w grupie starczej byt
on mniej rozlegly (ryc. 20). Reakcja dyfuzyjna wystepowata zarowno w przy-
padkach bez udzialu makrofagow (ryc. 15) i przy ich ledwie zaznaczonej
obecnosci, Jak w przypadkach intensywnej rozbiorki mezodermalnej (ryc. 16)
Nieco mniej intensywna byla ona we wczesnych okresach zawatu, nasilajac si¢
w okresach pozniejszych (ryc. 17, 18), kiedy intensywnie wybarwione byly
przesigki okolonaczyniowe (ryc. 19). Wyjatek stanowil przypadek starczy
w 2 dniu zawalu, w ktorym nie stwierdzono reakcji dyfuzyjnej w ogdle. Dy-
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fuzyjna 1 okotonaczyniowa reakcja wystgpowata niekiedy w tkankach odda-
lonych od obszaru zawatu. Od 3 dnia choroby intensywna reakcja srodkomor-
kowa wystepowala w reaktywnych astrocytach i gemistocytach w obszarach
martwicy niezupelinej (ryc. 16) oraz w komorkach nerwowych kory, oddalone;j
od tkanek martwiczych. Dodatnig reakcje obserwowano rowniez w wysciotce
i splocie naczyniowkowym.
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Ryc. 20. Zasigg reakcji immunocytochemicznych
Fig. 20. Extent of immunocytochemical reactions

OMOWIENIE

Podobne nasilenie reakcji dyfuzyjnej w barwieniu na albuming, IgG
i alfa,-antytrypsyne zwiazane jest prawdopodobnie z niskim cigzarem czastecz-
kowym tych skladnikow biatkowych osocza. Dodatnia dyfuzyjna reakcja na
alfa -antytrypsyne w przypadkach bez rozbiorki lub z ledwie zaznaczonymi jej
wykladnikami (przyp. 1, 2, 3) moze wskazywa¢ na przenikanie enzymu
z lozyska naczyniowego w poczatkowych fazach niedokrwiennych zmian
tkankowych. Odczyn dyfuzyjny w przypadkach z licznymi fagocytami zwiaza-
ny jest prawdopodobnie z obecnoscia w czgsci makrofagow hamujacej protea-
zy alfa,-antytrypsyny.

Reakcja dyfuzyjna, stanowiaca wyktadnik zaburzen przepuszczalnosci na-
czyn, zostala stwierdzona we wszystkich badanych przypadkach. Uposledzenie
przepuszczalnosci naczyn w pierwszych dniach zawatu bylto jednakze intensyw-
niejsze i rozleglejsze w przypadku w wieku $rednim, niz w wieku starczym.

Spowodowane niedokrwieniem tkanek zmiany jonowe wyrazajace si¢
zwigkszeniem zewnatrzkomorkowego K* (Strong i wsp. 1984), wnikaniem
Ca®* do wnetrza komorek (Strong i wsp. 1984; Nedergaard 1987), depolaryza-
cja blony komc’)rkowej i spadkiem ATP (Astrup 1984) prowadza do cigzkich
uszkodzen i $mierci komorek. Spadek przeplywu krwi, wywolUchy kwaswe,
doprowadza do zaburzen autoregulacji naczyn i poszerzenia istoty szarej,
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uchwytnego w tomografii komputerowej (Kinkel i wsp. 1980). Narastajaca
kwasica zwigksza przepuszczalnos¢ bariery krew-mozg (Klatzo 1987), a po-
wstajace mleczany (Rafalowska i wsp. 1978) stanowia dodatkowy czynnik
uszkadzajacy tkanki (Paljarvi 1984). Dojrzewanie zmian morfologicznych
(Klatzo 1975) prowadzi do dalszego wzrostu przepuszczalnosci BBB (Mrsulja
1 wsp. 1978) i przejawia si¢ zarowno glgbokimi zaburzeniami metabolicznymi,
jak 1 procesem rozbiorki tkanek. Nalezaloby sadzi¢, ze w kazdym zawale
moézgu, wywolanym zatrzymaniem lub znacznym spadkiem przeptywu w du-
zym naczyniu t¢tniczym dochodzi do przedstawionych powyzej zmian. Jednak-
ze w przeciwienstwie do koncepcji Ingrama i wsp. (1974) o uposledzeniu funkcji
BBB z wiekiem, nasz material wskazuje, ze w przypadkach starczych uszkodze-
niec BBB narastalo wolniej i bylo by¢ moze mniejsze. Dane o zmniejszonej
przepuszczalnosci naczyn mozgu w wieku starczym sa bardzo skape. Jedyne
informacje na ten temat przedstawia Quadbeck (1982). Zjawisko to moze byc
uwarunkowane przez szereg czynnikow. Jednym z nich moze by¢ obnizony
metabolizm starczego mozgu, przystosowujacy si¢ przez wiele lat do zaburzen
przeplywu mozgowego. Niedokrwienie tkanek moze wywolywaé mniejsze
1 wolniej narastajace dojrzewanie zaréOwno zmian morfologlcznych jak
1 zaburzen mctabohcznych w tym rowniez kwasicy. By¢ moze maja w tym
rowniez udzial zmiany w stanie blon komorkowych wystepujace w wieku
starczym. Na obecnos¢ tych procesow wskazywalyby, miedzy innymi, jakoé-
ciowe i ilosciowe zmiany w mielinie istoty bialej mozgu (Niebroj-Dobosz i wsp.
1986; 1988; 1989).

Wedtug koncepcji Cervosa-Navarro i wsp. (1983), kolagen wlosniczkowej
blony podstawnej jest czeScia ukladu regulujacego przepuszczalnos¢ naczyn.
By¢ moze dodatkowym czynnikiem zmniejszajacym ich przepuszczalnosc
w wieku starczym sa wystepujace w nich zmiany wiokniste. Aktywowany
wreszcie w martwicy proces pinocytozy (Katzman i wsp. 1977; Westergaard
i wsp. 1978; Bakay, Lee 1968) zwiazany jest z wysoka aktywnoscia enzymatycz-
na komorek srodblonka wiosniczek (Kreutzberg, Toth 1983; Vorbrodt i wsp.
1983). Nie mozna wykluczy¢, ze zaawansowany wiek moze mie¢ wplyw na
procesy enzymatyczne w tych komorkach, pomimo braku danych na ten temat
w dostgpnym nam piSmiennictwie.

Wzmiankowane wyzej czynniki moga wplywa¢ na mniej nasilone i jakby
opoznione zaburzenia przepuszczalnosci naczyn w pierwszych dniach udaru
niedokrwiennego w wieku starczym. Po kilku “dniach jednak zaburzenia
przepuszczalnosci naczyn w wieku srednim i starczym maja podobny charakter
i nasilenie.

Przedstawiony przez nas material wykazuje obecnos$¢ bialek surowicy krwi
w tkankach mozgu przez wiele dni, a nawet tygodni od poczatku choroby.
Wydaje sig, ze zjawisko to moze by¢ tlumaczone w dwojaki sposob. Po
pierwsze moze ono by¢ nastgpstwem wczesnego ,jednorazowego” wycieku
z tozyska naczyniowego i jego pozostawania w tkance w wyniku wolnego
metabolizowania obcego dla niej biatka. Z drugiej jednak strony moze to by¢
wynikiem dlugotrwalego lub powtarzajacego si¢ zaburzenia przepuszczalnosci
naczyn w niedokrwiennym udarze mozgu u czlowieka. Za taka mozliwoscia
przemawiaja zarowno niektore badania kliniczne, jak i doswiadczalne.
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Doswiadczalne zamknigcie tetnicy srodkowej moézgu u malp powoduje,
zaleznie od wielko$ci zawalu, zaburzenia mechanizmoéw barierowych przez
okres pierwszych 3 tygodni zawalu, przy czym restytucja funkcji bariery nie
wykazuje zaleznosci od wielkosci zawatu (Olsson i wsp. 1971). Dane dotyczace
okresu zaburzen przepuszczalnosci BBB w udarach niedokrwiennych cztowie-
ka sa bardzo zroznicowane w zaleznosci od stosowanej metody badania. Na
podstawie oceny stosunku albumin i alfa,-makroglobulin w ptynie moz-
gowo-rdzeniowym i surowicy krwi, zaburzenia BBB wykazano w wigkszosci
przypadkow udarow niedokrwiennych u ludzi w pierwszych 2 tygodniach od
udaru, rzadko utrzymywatly si¢ one jednak przez 4 tygodnie (Hornig i wsp.
1983). W tomografii komputerowej zmiany $wiadczace o zaburzeniach autore-
gulacji naczyn po niedokrwieniu wystepuja w 80% przypadkéw w ciagu
3 tygodni. W niektorych przypadkach zmiany te mozna bylo stwierdzi¢ nawet
w 4 miesigce po udarze (Kinkel i wsp. 1980).

Modele doswiadczalne wskazuja na korelacj¢ migdzy wielkoscia obszaru
uszkodzenia tkanek a spadkiem przeptywu krwi (Tyson i wsp. 1984). Stwier-
dzono ponadto, ze do spadku przeplywu krwi i narastania zmian morfologicz-
nych dochodzi rowniez w tkankach otaczajacych zawal (Mies i wsp. 1983),
a wahania w przeplywie krwi doprowadzaja do zwigkszenia obszaru uszkodze-
nia (Paljarvi 1984). Obszar uszkodzenia zalezy rowniez od czasu trwania
niedokrwienia (Westergaard i wsp. 1976). Jest faktem, iz w zr6znicowanych pod
wzgledem patogenezy udarach niedokrwiennych czlowieka wystepuja czesto
dtuzsze lub krotsze okresy zaburzen hemodynamicznych zwigzane ze spadkiem
cisnienia tetniczego krwi. Powoduje to mozliwo$¢ narastania zmian tkan-
kowych i obecnos$¢ roznych stadiow morfologicznych niedokrwienia u tego
samego chorego. Zwigkszajace przepuszczalno$s¢ BBB nadcisnienie (Rapoport
1976; Westergaard i wsp. 1978; Nag, Harik 1987) oraz infekcje bakteryjne
i wirusowe (Bakay 1962; Hianninen i wsp. 1980) wystepuja czgsto w przebiegu
udaru. Moga wigc mie¢ wplyw na stan przepuszczalnosci BBB prowadzac do
zmian w przepuszczalnosci naczyn méozgowych. W zwiazku z tym u pacjentow
z udarem niedokrwiennym istnieja duze trudnosci w przewidywaniu okresu
zaburzen przepuszczalnosci BBB. Trudno tez wydzieli¢, suponowane przez
niektorych autorow na podstawie modeli doswiadczalnych, dwie fazy wzrostu
przepuszczalnosci naczyn (Kuroiwa i wsp. 1985). W materiale ludzkim roz-
graniczanie dwoch faz przepuszczalnosci BBB w zaleznosci poczatkowo od
naczyn powierzchownych, a nastgpnie od nowo tworzacych si¢ w procesie
rozbiorki (Mei Liu 1988), sprowadza zaburzenia w przepuszczalnosci BBB
wylacznie do procesu miejscowego. Niektorzy autorzy wskazuja na niewatp-
liwa mozliwos¢ udzialu we wzroscie przepuszczalnosci BBB czynnikow ogol-
noustrojowych zwiazanych, migdzy innymi, z plytkami krwi i dziatlaniem
pozamézgowych czynnikéw neurohumoralnych (Dietriech 1 wsp. 1988).

Wydaje si¢ przeto, ze liczne czynniki moga mie¢ wptyw na dlugotrwatos¢
zaburzen przepuszczalnosci bariery krew- mozg w warunkach klinicznych,
a wiek pacjenta z wieloma nakladajacymi si¢ dodatkowymi, przebytymi
1 wspolistniejacymi procesami chorobowymi sprawia, ze dane uzyskane w mo-
delu doswiadczalnym nie pokrywaja si¢ z danymi, uzyskanymi na podstawie
oceny mozgu cztowieka.
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WNIOSKI

1. Zaburzenia przepuszczalnosci naczyn w udarach niedokrwiennych wy-
daja si¢ by¢ w pierwszych dniach udaru mniejsze w wieku starczym niz
w $rednim.

2. Znaczne zwigkszenie przepuszczalnosci naczyn w pozniejszych okresach
udaru w wieku starczym (podobne do stwierdzonych w wieku $rednim) zdaje
si¢ wskazywa¢ na bardziej stopniowe niz w wieku $rednim narastanie tych
zaburzen.

3. Zaburzenia przepuszczalnosci naczyn w udarach niedokrwiennych czto-
wieka sg bardziej dlugotrwale niz w modelach doswiadczalnych niedokrwienia
mozgu.

HUMAN BRAIN INFARCTS IN MIDDLE AND SENILE AGE.
I. BLOOD-BRAIN BARRIER PERMEABILITY
IN IMMUNOCYTOCHEMICAL STUDIES

Summary

Brains of the deceased in the age from 45 to 57 years (6 cases) and from 80 to 101 years (9
cases) with ischemic brain damage were studied. Technique of the peroxidase-antiperoxidase
(Sterberger et al. 1970) was used for visualization of the brain tissue reactivity for albumin, IgG,
alpha,-antitrypsin and alpha,-macroglobulin. In all cases the disturbances of the blood vessels
permeability were found. The BBB deterioration within the first days of brain infarct seems to be
smaller in senile age than in middle age. However, after some days senile blood vessels permeability
increases and become similar in both age groups.
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Informacja Zarzadu Glownego
STOWARZYSZENIA NEUROPATOLOGOW POLSKICH

29 marca 1990 r. w Krakowie odbyto si¢ Walne Zgromadzenie SNP, ktoremu przewodniczyt
Prof. dr Mieczystaw Wender. Sprawozdanie z dziatalnosci Stowarzyszenia w okresie od 5 maja
1987 r. do 29 marca 1990 r. zlozyt ustgpujacy Prezes Prof. dr Jozef Katuza. Prof. dr Mirostaw J.
Mossakowski przedstawil sprawozdanie z dzialalnosci Redakcji kwartalnika ,Neuropatologia
Polska”. i

Komisja Wnioskowa w skladzie: dr Bogna Schmidt-Sidor, dr Jozefa Dabrowska i doc. dr
Janusz Alwasiak przedstawila nastepujace wnioski:

1. Zebrania naukowo-szkoleniowe SNP powinny by¢ organizowane we wspoltpracy z innymi
Stowarzyszeniami i zawieraC w programie wigcej ciekawych przypadkow klinicznych i neuro-
patologicznych.

2. Nalezy dotozy¢ wszelkich staran dla utrzymania czasopisma ,Neuropatologia Polska”
i publikowania prac wylacznie w jezyku angielskim.

3. Nalezy popiera¢ sprawe rozwoju specjalizacji z neuropatologii i zajac si¢ propagowaniem
tej specjalnosci wsrod patologéw i neuropatologow.

4. Przy wyjazdach na zagraniczne konferencje naukowe nalezy uwzglednia¢ w wigkszym
stopniu niz dotychczas miodych pracownikow naukowych.

5. Nalezy zmniejszy¢ ilos¢ nagrod Stowarzyszenia z 3 do 1 lub utrzymaé 3 nagrody
niekoniecznie polaczone z nagroda pieni¢zna.

Walne zgromadzenie podjeto uchwale o podniesieniu skladki czlonkowskiej do 50000 zt
rocznie.

W wyborach do Zarzadu Gloéwnego nowej kadencji, w oddzielnych glosowaniach wybrano:
Prof. dr Mirostawa Mossakowskiego na Prezesa Stowarzyszenia, Prof. dr Mari¢ Dambska na
Wiceprezesa, Doc. dr Irming Zelman na Redaktora Naczelnego ,,Neuropatologii Polskiej”. Do
Zarzadu wybrano: Prof. dr. Jerzego Dymeckiego, Doc. dr Krystyng Honczarenko, Doc. dr Danute
Maslinska i dr Haling Weinrauder.

Na posiedzeniu 19 kwietnia 1990 r. Zarzad Glowny ukonstytuowal si¢ nastgpujaco:

Prof. dr M. J. Mossakowski — Prezes

Prof. dr M. Dambska — Wiceprezes (sprawy wspolpracy z osrodkami i Towarzystwami
zagranicznymi).

Dr H. Weinrauder — Sekretarz

Prof. dr J. Dymecki — Skarbnik (sprawy ,Fundacji Polsko-Amerykanskiej”).

Doc. dr K. Honczarenko — Czlonek Zarzadu (sprawy cztonkéw Stowarzyszenia).
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The introduction of tritiated 1,4-dihydropyridines (DHP) has greatly
facilitated the identification and characterization of calcium channels in
different tissues (Glossmann et al. 1982; Janis, Triggle 1983). Recent inves-
tigations have demonstrated that neurons have a number of different types of
calcium channels. At least three types of voltage-sensitive calcium channels
(VSCC) termed L (long), T (transient) and N (neuronal) have been charac-
terized by electrophysiological methods. These types differ with respect to their
single-channel conductance, gating behaviour, divalent ion selectivity, localiza-
tion and regulation by toxins, enzymes and drugs (Nowycky et al. 1985; Miller
1987; Striessing et al. 1988). It is now clear that DHP-receptors in the nervous
system are associated with functional VSCC. Radiolabelled DHP’s seem to be
a good tool for biochemical investigations of VSCC — DHP sensitive
L channels. One interesting property of L channels is their plasticity — the
number of DHP binding sites in the brain change in several pathological
conditions e.a. aging, cardiomyopathy, hypertension (Wagner et al. 1986).
Thus, changes in L channel function may contribute to the changes in neuronal
excitability associated with such states. Cerebral ischemia resulting in cell
membrane damage can lead to alterations in energy metabolism (ATP) and
membrane transport mechanisms sufficient to cause abnormal accumulation of
intracellular calcium (Lazarewicz et al. 1978; Siesjo 1986). Moreover, protective
effects of calcium channel blockers DHP-type drugs have been investigated by
several authors (Steen et al. 1983; Fujisawa et al. 1986; Mossakowski,
Gadamski 1987).

In the present study, a newly developed high affinity calcium channel
ligand — '**I-lodipine (Ferry, Glossmann 1984) was employed to quantify the
ligand binding sites in three brain regions during clinical death and following
resuscitation.

MATERIAL AND METHODS

A 5 min clinical death was induced in adult female Wistar rats weighing
170 —180 g under ether anesthesia, by intrathoracic compression of the cardiac
vessels bundle at the base of the heart with hook-like device without major
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surgery (Korpachev et al. 1982). Cardiopulmonary resuscitation was performed
by external cardiac massage and artificial ventilation. Arrest of circulation and
recovery after resuscitation in this experimental model was confirmed previous-
ly by means of pathophysiological methods including ECG, EEG and cerebral
blood flow (Korpachev et al. 1982; Kapuscinski 1987; Mossakowski et al.
1986). Animals were sacrificed in groups of five at the end of ischemia, and
15 min and 2 h after resuscitation. Five animals served as a control group. At
indicated times the brains were removed in less than 30 sec and 3 brain regions
were rapidly dissected on ice: CA, sector of hippocampus, frontal cortex and
reticular formation of the medulla. Brain samples (ca. 10 mg) were immediately
homogenized in 1.1 ml ice-cold 50 mM Tris-HCL buffer (pH 7.4) 10 strokes
up-down with a glass-glass homogenizer; 0.1 ml homogenate was separated to
check the protein content by the method of Lowry et al. (1951). The
homogenates were rapidly frozen in liquid nitrogen and kept at —20°C until
analysed. '?5I-Iodipine (Amersham, 2000 Ci/mmol, 1 mCi/ml) was used for
saturation analysis and the binding assays. Saturation analysis was done for
homogenates from control cortex at 6 free ligand concentrations ranging from
30 to 800 pmol/L in a final volume of 0.25 ml of 50 mM Tris-HCL buffer with
about 5 pg of protein/assay for 2 h at 25°C prior to separation of bound and
free ligand. Binding assays in homogenates from three brain regions were
performed at 80 pM concentration of '?°I-Iodipine in the same way. Non-
specific binding was measured in the presence of 1 uM unlabelled nimodipine
(Bayer AG, Wuppertal, FRG) and was subtracted. Each determination was
carried out in duplicate. Separation of bound and free radioligand was
achieved by rapid dilution with ice-cold Tris buffer and filtration over
Whatman GF/C filters, which was followed by 3 washings with the same bulffer.
Filters were counted for radioactivity in the Isocap 300 liquid scintillation
system (Nuclear Chicago) with 56% efficiency. Eadie-Hofstee plots for
saturation curves, and binding parameters were calculated according to Zivin
and Waud (1982). Results were analysed by Student’s test for correlated means.

RESULTS

The binding of '?*I-Iodipine in homogenates from cerebral cortex of the
control group was saturable and of high affinity. Eadie-Hofstee plots for
saturation curves, and binding parameters demonstrated a single class of high
affinity binding sites with K, = 51+ 11 pmol/L at 25°C, and B,,, = 418 +43
fmol per mg of protein (n = 5). Nonspecific binding measured in the presence of
1 pmol/L nimodipine in the assay was in the range of 20—35% at the K
concentration of '2*I-Iodipine.

Measurements of '2°I-lodipine binding in control brains at one ligand
concentration revealed uneven distribution of the binding sites in three brain
regions. The density of binding sites was the highest in hippocampus followed
by cerebral cortex and medulla (Tab. 1). At the end of 5 min clinical death
significant decrease of binding sites was observed reaching 35%, 38% and 55%
of control values for hippocampus, cortex and medulla respectively. Fifteen
min after resuscitation the binding increased in all three regions. In hippocam-
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Table 1. Specific binding of '?*I-lodipine (fmol/mg protein) in homogenates from hippocampus,

cerebral cortex and medulla of rat brain at the end of 5 min clinical death and after resuscitation

Tabela 1. Specyficzne wiazanie '2°J-jodipiny (fmol/mg biatka) w homogenatach z hipokampa, kory
i opuszki moézgu szczura w koncowym okresie $Smierci klinicznej i po resuscytacji

Time after resuscitation

Structure Control End of clinical death P
Struktura Kontrola Koniec $mierci klin, 3 (fnzf'j N La‘?éo dz)
g!Pp“amp“S 338.8+239 117.6 +42.8** 236.2+96.6 2222+124.7
ipokamp
ﬁz‘rfx 27144347 104.6+ 62.4%* 128.4+44.2%* 1964+ 58.3*
VieSe 62.0+18.9 34.2+13.8% 4444235 458+15.5
Opuszka

Each value represents the mean + S.D. of 5 animals
Kazda warto$¢ reprezentuje Srednia + S.D. z 5 zwierzat
* — p<0.05

** — p<0.001

pus and medulla it was not any more significantly different from control,
however, in cerebral cortex it remained less than 50% of the control level. Two
hours after resuscitation the binding in cerebral cortex increased but was still
below the control level.

DISCUSSION

Results of saturation experiments from cerebral cortex are essentially in
agreement with the data received by Ferry and Glossmann (1984) for
guinea-pig brain membranes. The highest density of binding sites in hippocam-
pus and the lowest in the medulla is also in keeping with the guinea-pig brain
data reported by Glossmann et al. (1982). To our knowledge there are no data of
1251-Todipine binding to different regions of the rat brain.

Reduction of binding of different receptor ligands in the brain by ischemia
has already been reported. A decrease of high affinity ouabain binding sites in
hippocampus was observed in the recent study (Pylova et al. 1989), and
a decrease of 5-HT, binding sites in frontal cortex of gerbil was determined in
the carotid ligation model (Brown et al. 1988).

The mechanism underlying the ischemia-induced decrease in density of
DHP binding sites remain to be investigated. With regard to the functional
implications, if the decrease represents damage to VSCC, it may be responsible
for a change in neuronal excitability accompanying ischemia. The fact that the
drop in DHP binding sites was most pronounced in hippocampus may reflect
and be causally related to the particular vulnerabilty of this structure to
ischemia (Kirino 1982; Mossakowski, Gadamski 1987). The relatively rapid
recovery of hippocampal binding may be consistent with metabolic hyperac-
tivity of this region in the postischemic period (Meldrum et al. 1985;
Mossakowski, Gadamski 1987). The relatively lowest drop in DHP binding
and rapid recovery in medulla is in agreement with the early recovery of the
spontaneous respiratory function observed in this model (Korpachev et al.
1982; Mossakowski et al. 1986; Majkowska-Wierzbicka 1989), but also with
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the relative resistance of medulla to ischemia observed in clinical practice. The
decrease of DHP binding in cerebral cortex at the end of clinical death was
about the same as in hippocampus, however, the recovery was slowest and was
not complete up to 2 h. This is in agreement with pathophysilogical data
received by Majkowska-Wierzbicka (1989) in the same experimental model,
where recovery of EEG is relatively slow as compared to the recovery of
spontaneous respiratory function, and does not become quite normal 2 h after
resuscitation.

The results of this study indicate that ischemia produces instant confor-
mational changes of voltage-sensitive calcium L channels in different brain
regions.

ISCHEMIA MOZGU ZMNIEJSZA GESTOSC
MIEJSC WIAZACYCH '?*J-JODIPINE W MOZGU SZCZURA

Streszczenie

Oceniono wiazanie wysokiego powinowactwa liganda kanatu wapniowego '2°J-jodipiny
(pochodna 1,4-dwuhydropirydyny) w homogenatach z hipokampa, kory i opuszki mozgu szczura
w koncowym okresie S-minutowej $mierci klinicznej i 15 minut oraz 2 ‘godziny po resuscytacji.
W warunkach prawidlowych najwigcej miejsc wiazacych stwierdzono w hipokampie, a najmniej
w opuszce. W koncowym okresie $mierci klinicznej obserwowano zmniejszenie wiazania liganda
w zakresach 35—55% wartosci kontrolnych w nastepujacej sekwencji: hipokamp ) kora ) opuszka.
Po resuscytacji wiazanie liganda w hipokampie i opuszce wzrosto nie rézniac si¢ od wartosci
kontrolnych, natomiast w korze po 2 godzinach bylo nadal znamiennie nizsze. Uzyskane wyniki
wskazuja, ze niedokrwienie powoduje zmiany konformacji kanatéow Ca?* zaleznych od potencjatu
typu L w roéznych strukturach mozgu.
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It is generally accepted that disturbances in cellular calcium homeostasis
play an important role in cell death (Schanne et al. 1979; Borgers 1981; Farber,
1981; Siesjo 1981; Yanagihara, McCall 1982; Raichle 1983; Simon et al. 1984;
Peters 1986; Siesjo 1986; Deshpande et al. 1987). So far calcium entry blockers
have been widely employed as a protective agent in both myocardial infarction
and ischemic brain stroke (Kazda et al. 1979; Harris et al. 1982; Kazda, Towart
1982; Alps et al. 1983; 1988; Steen et al. 1983; Fleckenstein et al. 1985; Barnett
et al. 1986, Fujisawa et al. 1986). Although their beneficial effect has been
mainly attributed to their powerful vasodilatory action (Kazda, Towart 1982;
Mohamed et al. 1985) the possibility of a cytoprotective effect also exists (Van
Rempts, Borgers 1982). Thus, the problem at which level vascular or/and
cellular, the brain can be protected has not yet been clarified.

The present study was undertaken to examine the effect of nimodipine on
the development of postanoxic cell damage in a tissue culture model of anoxia.
The CNS culture model allows to eliminate the vascular factor, so important in
ischemic stress in vivo. The neurocytoprotective effect of nimodipine was
studied in the hippocampal formation, a structure of particularly high
vulnerability to anoxia/ischemia.

MATERIAL AND METHODS

The organotypic cultures of the hippocampal formation were prepared
from 2-3-day-old Wistar rats. The hippocampus was dissected out under sterile
conditions from both cerebral hemispheres and cut coronally into thin slices,
put on collagen-coated glass coverslips and placed in a Carrel flask. The
cultures were grown in a medium consisting of 25% human serum and 75%
Eagle Minimal Essential Medium (MEM) supplemented with glucose to a final
concentration of 600 mg% without any antibiotics. The cultures were main-
tained at 36.5°C and the medium was renewed twice weekly. On the 14th day
in vitro some selected cultures were transferred for 10 and 20 minutes to a pure
nitrogen atmosphere in a Carrel flask adapted for permanent gas flow. Control
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cultures were grown in standard conditions. The sister cultures were pretreated
with nimodipine in a dose of 10 and 100 uM added to the medium prior to
exposure to nitrogen. Two and 24 hours and 3 and 7 days after anoxia both
experimental cultures and the control ones were prepared for the electron
microscope. The cultures were rinsed in cacodylate buffer pH 7.2, fixed in 1.5%
glutaraldehyde for 1/2 h, postfixed in 2% osmium tetroxide, dehydrated in
graded alcohols and embedded in Epon 812. Ultrathin sections were counter-
stained with uranyl acetate and lead citrate and then examined in a JEM
1500 XB electron microscope.

RESULTS

The earliest neuronal abnormalities occurring 2 and 24 hours after 10-and
20-minute anoxia consisted of severe swelling of the mitochondria which
contained only remnants of disrupted cristae, whereas the profiles of granular
endoplasmic reticulum were not markedly dilated (Fig. 1). On the following
days many large pyramidal neurons exhibited vacuolar degeneration (Fig. 2).

Fig. 1. Hippocampal culture, 14 days in vitro (DIV), 2 h after 10-min anoxia. Fragment of
pyramidal 3neuron with swollen mitochondria (MT) and slightly dilated profiles of granular
endoplasmic reticulum (GER). x 25000
Ryc. 1. Hodowla hipokampa, 14 dni in vitro (DIV); 2 godziny po 10-minutowej anoksji. Fragment
neuronu piramidowego z obrzmialymi mitochondriami (MT) i lekko poszerzonymi kanatami
ziarnistej siateczki $rodplazmatycznej (GER). Pow. 25.000 x
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Fig. 2. Hippocampal culture, 14 DIV, 3 days after 10-min. anoxia. Two neurons (N, N,) exhibiting
numerous small vacuoles (v) and swollen mitochondria (MT). x 10000

Ryc. 2. Hodowla hipokampa, 14 DIV, 3 dni po 10-min. anoksji. Dwa neurony (N, , N,) zawierajace
liczne male wakuole (v) i obrzmiale mitochondria (MT). Pow. 10.000 x

In contrast to the pronounced pyramidal damage, the granular cells remained
well preserved. In all groups of experimental cultures the presynaptic terminals
were preferentially affected. Numerous axonal boutons were markedly swollen
and depleted of synaptic vesicles, meanwhile the dendritic spines and other
postsynaptic dendrites seldom showed ultrastructural abnormalities. There
were also numerous swollen glial processes (Fig. 3). The earliest neuronal
changes were accompanied by swelling of protoplasmic astrocytes (Fig. 4). In
the later stages of postanoxic damage the most affected pyramidal neurons
displayed condensed cytoplasm containing degenerated organelles. After
20-minutes anoxia the morphological changes were much more pronounced,
some neurons exhibited total destruction of the cytoorganelles and nucleus.
The neuropil showed extreme swelling of both glial and neuronal processes.
Seven days after anoxia there was an increase in the number of fibrillary glia
containing abundant gliofilaments and dense bodies.
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Fig. 3. The same culture. Neuropil composed of electron-lucent axonal boutons (ax,, ax,) and
numerous swollen glial processes (gp). x 20000

Ryc. 3. Ta sama hodowla. Neuropil zlozony z elektronowo-przeziernych kolbek aksonalnych
(ax,, ax,) i licznych obrzmiatych wypustek glejowych (gp). Pow. 20.000 x

The effect of nimodipine on postanoxic changes depended on the dose of
the drug and the survival time post anoxia. A small dose of nimodipine did not
prevent progressive neuronal degeneration. After a short time (2 and 24 h) of
survival following anoxia, severe mitochondrial swelling was the prominent
feature of neuronal damage (Fig. 5). The protoplasmic astrocytes were
markedly swollen and exhibited electron-lucent cytoplasm containing a few
swollen mitochondria and slightly dilated profiles of granular endoplasmic
reticulum (Fig. 6). However, in the later stages post anoxia the individual
neurons seemed to be less affected. Some neurons exhibited numerous small
vacuoles but the mitochondria were not so severely swollen (Fig. 7). The
neuropil, however, was composed of numerous markedly swollen glial and
neuronal processes (Fig. 8).
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Fig. 4. Hippocampal culture, 14 DIV, 24 h after 10-min anoxia. Fragment of protoplasmic
astrocyte. Severely swollen astrocytic cytoplasm containing slightly dilated profiles of granular
endoplasmic reticulum. x 15000
Ryc. 4. Hodowla hipokampa, 14 DIV, 24 godz. po 10-min. anoksji. Fragment astrocytu protoplaz-

matycznego. Cytoplazma astrocytu znacznie obrzmiala, zawierajaca nieco poszerzone kanaly
siateczki Srodplazmatycznej ziarnistej. Pow. 15.000 x

A higher dose of nimodipine exerted only a slight protective effect against
the early postanoxic changes of the neuronal cytoplasm including swelling of
the mitochondria (Fig. 9). Nevertheless, this dose of the drug proved sufficient
to prevent the development of late postanoxic cell damage. On the 3rd and the
following days after 10- and 20-minute anoxia the majority of pyramidal
neurons showed good ultrastructural preservation of the organelles (Fig. 10).
Densely packed neuropil did not reveal any morphological abnormalities and
resembled that seen in the control material, with numerous synaptic contacts of
various type (Fig. 11).
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Fig. 5. Hippocampal culture, 14 DIV, 24 h after 10-min anoxia. Nimodipine (10 pM) administered
prior to anoxia. Fragment of neuron with severely swollen mitochondria (MT) and dilated
cisternae of Golgi apparatus (GA). x 20000
Ryc. 5. Hodowla hipokampa, 14 DIV, 24 godz. po 10-min. anoksji. Nimodipina w dawce 10 pM
podana przed anoksja. Fragment neuronu ze znacznie obrzmialymi mitochondriami (MT)
i poszerzonymi zbiornikami aparatu Golgiego (GA). Pow. 20.000 x
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Fig. 6. The same culture. Electron-lucent cytoplasm of a protoplasmic astrocyte containing a few
swollen mitochondria (MT) and slightly dilated profiles of granular endoplasmic reticulum (GER).
x 15000
Ryc. 6. Ta sama hodowla. Astrocyt protoplazmatyczny z obrzmiala elektronowo-przezierna
cytoplazma zawierajaca pojedyncze mitochondria (MT) i nieznacznie poszerzone kanaly siateczki
srodplazmatycznej ziarnistej (GER). Pow. 15000 x
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Fig. 7. Hippocampal culture, 14 DIV, 3 days after 10-min. anoxia. Nimodipine (10 uM)
administered prior to anoxia. Fragment of pyramidal neuron. Numerous small vacuoles (v) and
swollen mitochondria (MT). x 20000
Ryc. 7. Hodowla hipokampa, 14 DIV, 3 dni po 10-min anoksji, 10 uM nimodipiny podano przed
anoksja. Fragment neuronu piramidowego. Liczne drobne wakuole (v) i obrzmiate mitochondria
(MT). Pow. 20000 x
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Fig. 8. The same culture. Neuropil composed of severely swollen neuronal and glial processes (gp).
Swollen axonal boutons (ax). x 20000
Ryc. 8. Ta sama hodowla. Neuropil zawierajacy znacznie obrzmiate wypustki neuronalne i glejowe
(gp). Widoczne obrzmienie kolbek aksonalnych (ax). Pow. 20.000 x
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Fig. 9. Hippocampal culture, 14 DIV, 2 h after 20-min anoxia. Nimodipine (100 pM) administered
prior to anoxia. Pyramidal neuron exhibiting swollen mitochondria (MT), slightly dilated profiles
of granular endoplasmic reticulum and Golgi cisternae (GA). x 15000
Ryc. 9. Hodowla hipokampa, 14 DIV, 2 godz. po 20-min. anoksji. Nimodipina w dawce 100 pM
podana przed anoksja. Neuron piramidowy zawierajacy obrzmiale mitochodnria (MT), nieco
poszerzone kanaly siateczki $rodplazmatycznej ziarnistej oraz cysterny aparatu Golgiego (GA).
Pow. 15.000 x
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“Fig. 10. Hippocampal culture, 14 DIV, 3 days after 20-min anoxia. Nimodipine (100 pM)
administered prior to anoxia. Two pyramidal neurons (N,, N,) exhibit well preserved cytoplasmic
organelles. x 15000
Ryc. 10. Hodowla hipokampa, 14 DIV, 3 dni po 20-min anoksji. Nimodipina (100 pM) podana
przed anoksja. Dwa neurony piramidowe (N, N,) z prawidlowo zachowanymi organelami
komoérkowymi. Pow. 15.000 x
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Fig. 11. The same culture. Densely packed neuropil composed of neuronal and glial processes.
Numerous synaptic contacts (arrows). x 16 500

Ryc. 11. The sama hodowla. Zbity neuropil zawierajacy wypustki neuronalne i glejowe. Liczne
polaczenia synaptyczne (strzatki). Pow. 16.500 x

DISCUSSION

The results of the present study indicate that nimodipine administered to
the culture medium can protect tissue from anoxic cell damage, however, its
effectiveness depends not only on the dose, but also on the time of survival post
anoxia. The high dose of nimodipine sufficiently prevented only the develop-
ment of late postanoxic changes, whereas the early mitochondrial swelling
proceeded even in the presence of the drug. So far many experimental studies
have employed several calcium antagonists with varying results probably
depending on the differences in the anoxic/ischemic model, animal species, dose
and route of drug administration. Thus, some experiments revealed no
beneficial effect of nimodipine, when the agent was given post- and not prior to
ischemia (Vibulsresth et al. 1987). Since the postischemic tissue damage is
a complex phenomenon and results from a variety of pathogenic factors, the
protective effect of calcium entry blockers could be interpreted in different
ways. In the majority of experimental models in vivo, the beneficial effect of
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nimodipine seemed to be related to the postischemic hypoperfusion of the
brain (Kazda et al. 1979; Harris et al. 1982; Kazda, Towart 1982; Steen et al.
1983; 1984; Mabe et al. 1986). In the tissue culture model, however, the
vascular factor is excluded and only direct action of the drug on the cells may
be considered. It is well known that a low concentration of calcium is
maintained by a pump mechanism and inactivation of the ionic pump results in
an increase of intracellular calcium and cell death. Calcium entry blockers
might retard the cascade that leads to neuronal death by blocking different
types of calcium channels (Meldrum et al. 1985).

The existence in the brain of highly specific dihydropyridine-binding sites
located on neurons and concentrated in the synaptosomal fraction (Bellemann
et al. 1982; 1983; Ferry, Glossmann 1982; Peroutka, Allen 1983; Quirion 1983;
Miller, Freedman 1984; Turner, Goldin 1985) suggests that the calcium
antagonist may act directly at the cellular level in addition to its well-known
action on cerebral vessels. Some reports demonstrated, however, that this
direct effect is more pronounced when flunarizine is used (Van Rempts, Borgers
1982; Van Rempts et al. 1983) instead of “slow-channel” type blockers such as
nimodipine. Nevertheless, the cellular protection could be related with a dec-
reased metabolic rate or membrane stabilization and preservation of calcium
homeostasis. The results of the present ultrastructural study indicate that
nimodipine administered in a sufficiently high dose, prior to the anoxic insult
can exert a direct neurocytoprotective action and prevent the development of
late neuronal injury independently of any vascular factors.

EFEKT OCHRONNY BLOKERA KANALOW WAPNIOWYCH — NIMODIPINY
NA HODOWLE HIPOKAMPA SZCZURA PODDANE ANOKSIJI

Streszczenie

Oceniono wplyw nimodipiny na rozwoj zmian poanoksyjnych struktury hipokampa in vitro.
Zastosowanie modelu hodowli tkankowej pozwolito na badanie bezposredniego wptywu ochron-
nego nimodipiny na komorki nerwowe i glejowe, niezaleznie od czynnika naczyniowego. Badania
prowadzono na dojrzatych 14-dniowych hodowlach organotypowych hipokampa szczura pod-
danych dziataniu 10- i 20-minutowej anoksji. Bezposrednio przed anoksja podawano nimodiping
w dawce 10 i 100 pM. Hodowle oceniano w mikroskopie elektronowym po 2, 24 godz. oraz
3 i 7 dniach po anoksji. Stwierdzono, ze nimodipina w mniejszej dawce nie wplywala na
zmnigjszenie poanoksyjnych uszkodzen komorek nerwowych i glejowych. Nimodipina w dawce
-100 pM wywierata efekt ochronny na rozwdj péznych zmian poanoksyjnych, natomiast byla
nieskuteczna w zapobieganiu powstawania wczesnych odwracalnych zmian w postaci obrzmienia
mitochondriow. Badania wykazaly, ze nimodipina w dostatecznie duzej dawce moze wywieraé¢
bezposredni efekt ochronny na komorki nerwowe niezaleznie od czynnika naczyniowego,
odgrywajacego niewatpliwie duza rol¢ w doswiadczeniach in vivo.
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In experimental allergic encephalomyelitis (EAE) and in chronic relapsing
allergic encephalomyelitis (CR EAE) closely resembling multiple sclerosis (MS)
(Lassmann, Wisniewski 1979), changes in the blood-brain barrier (BBB)
permeability occur almost simultaneously with perivascular inflammatory
infiltrations (Kristensson et al. 1976; Ackerman et al. 1981). They appear both
during the acute stage of disease and during the first relapse (Grundke-Igbal et
al. 1980). This indicates that they appear typically in the course of a very active
demyelinating process.

A comparison of the morphological picture of MS in cases of patients
deceased in young and middle age with the morphological changes in those
dying in senile age, showed a more marked mononuclear phagocytes reaction
and more intensive perivascular lymphocytic reaction in young MS cases
(Rafatowska et al. 1988). The question arises, whether the intensity of
inflammatory changes influences the blood-brain barrier permeability and
whether the increased blood vessel permeability occurs only within active
demyelinating lesions.

MATERIAL AND METHODS

The studies were performed on autopsy material originating from 4 cases of
multiple sclerosis, two of which were clinically diagnosed and two others in
whieh diagnosis was based on the postmortem examination. Below are
presented some basic data characterizing this material.

Case 1. Female patient, 33-year-old. Onset of the disease at the age of 16.
Course of disease: at the beginning with remissions and relapses, after 24 years
of age progressive. Clinical symptomatology: numerous, polysystemic symp-
toms characteristic of MS. Bedridden at the age 27. Duration of disease: 17
years. Clinical diagnosis: Multiple sclerosis. Cause of death according to
postmortem examination: Embolism of pulmonary artery.

** Work supported by the Institute of Psychiatry and Neurology, agreement No R. 34.1.
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Case 2. Male patient, 41-year-old. Onset of the disease at the age of 29.
Course of the disease: at first with remissions and relapses, after 39 years of age
progressive. Clinical symptomatology: numerous, polysystemic symptoms
typical of MS. Bedridden at the age of 39. Duration of the disease: 12 years.
Clinical diagnosis: Multiple sclerosis. Cause of death according to postmortem
examination: pneumonia.

In both the above presented cases during final hospitalization the cerebro-
spinal fluid was not examined.

Case 3. Male patient, 76-year-old, with no data concerning the beginning of
the disease and its course. As far as MS symptomatology is concerned, the only
information available was that concerning retrobulbar neuritis at the age 56 (?).
Cerebrospinal fluid during last hospitalization was normal. Cause of death
according to postmortem examination: pneumonia.

Case 4. Female patient, 81-year-old with no data concerning the beginning
of the disease. As far as the course of the disease is concerned, there were data
on gait disturbances lasting for several years. For one month prior to
hospitalization patient was incoherent and bedridden. No pathological changes
of CSF were found. Cause of death according to postmortem examination:
pneumonia.

Histopathology

In all cases autopsy was performed within 24 hours after death. Postmor-
tem examination of the formalin-fixed brain and spinal cord in cases 1 and
2 confirmed clinical diagnosis of MS. In cases 3 and 4 concerning patients who
died with diagnosis of the cerebral stroke aged 76 and 81 years, diagnosis of
MS was established after gross examination of the brain. This revealed
characteristic typically located periventricular plaques of demyelination. The
results of histopathological examination were presented in the previous paper
(Rafatowska et al. 1988).

Immunocytochemistry

For evaluation of the blood-brain barrier disturbances the technique of the
peroxidase-antiperoxidase according to the method of Sternberger et al. (1970)
was used. In the host serum proteins such as IgG, alpha,-macroglobulin and
fibrinogen were visualized. The vascular network was displayed by antibodies
factor VIII (F VIII, RAG) — as the marker of endothelial cells.

The histocytic cell infiltrations were revealed by their marker i.e. alpha,-
-antitrypsin. The immunocytochemical reactions were evoked in the following
way: five- to eight-micrometer thick sections, deparaffinized and pretreated
with the following reagents: 0.0125% trypsin for 1 hour, preincubation with
2% normal swine serum diluted with trisma-base buffer (TBS, Sigma, USA),
pH 7.6. Thereafter, they were incubated over night with the following reagents:
Fab fragment of IgG (1:6000, Biomed, Poland), alpha,-macroglobulin
(1:3000, Biomed, Poland), fibrinogen (1 : 3000, Poland), alpha,-antitrypsin, and
F VIII (RAG), all reagents 1:1000 (Dakopatts, Denmark). After rinsing in
phosphate-buffered solution (PBS) at pH 7.6, the sections were submitted for
one hour to incubation with secondary reagents that is: swine antibodies
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against rabbit IgG (1:50) and rabbit-PAP-complex (1:200) (all antisera from
Dakopatts, Denmark). The immune reactions were developed by 15 min
incubation in 0.05% 3.3-diaminobenzidine tetrachloride (Sigma, St. Louis,
USA) with addition of 0.01% H,0,. Afterwards, the sections counterstained
with hemalum or not were dehydrated and mounted in DePeX (Serva, FRG)
for examination in the light microscope. The immunocytochemical reactions
were seen especially in areas with active or chronic demyelination, compared
with surrounding e.g. normally-looking tissue.

RESULTS

Histopathological examination

In all cases within the active demyelinating areas, tissue congestion was
found, involving mostly very small vessels. The perivascular transudate and
ecchymoses were visible only in case 3 against a pale and somewhat rarefied
background with scarcely dispersed cells. Reduced myelin staining and
loosening of the active plaque structure was found in all cases. Proliferation of
astrocytes with reactive forms was seen within the plaques in all cases, but the
astroglial response at the edge of active plaques was more marked in cases
1 and 2 than in those concerning senile patients. Participation of activated
microglial cells in active plaques was also more distinct in cases 1 and 2 than in
senile ones. So was the intensity of the perivascular lymphocytic reaction
within active demyelinating areas and subarachnoidal space. Participation of
macrophages, monocytes and plasmatic cells was also more evident in young
cases.

Immunocytochemical investigations

IgG of variable intensity was present within active (Fig. 1) and nonactive
demyelinating areas. The most distinct reaction was found within old subepen-
dymal plaques (Fig. 2). Sometimes IgG was present in the perivascular space of
the active demyelination or nearby (Fig. 3). In senile cases diffuse reaction was
somewhat more intensive. Intracellular IgG reaction appeared in a part of
macrophages and reactive astrocytes in both types of demyelinating lesions
(Figs 4, 5). Within apparently normal tissues in neurons of deep cortex layers
(Fig. 6) and even in nerve cells of basal ganglia the IgG reaction was also
visible. Plasma and blood vessel walls of various size within recent and old
demyelination lesions were stained for IgG. The meninges, adventitia of
meningeal vessels and the glial limiting membrane even at a certain distance
from the demyelinated areas were also stained. The reaction of lymphocytes to
IgG was negative. '

Alpha,-macroglobulin. Within old plaques the diffuse reaction was some-
what weaker than that of IgG. It rarely occurred within active plaques (Fig. 7),
in particular it was rarely found in the perivascular space of recent plaques.
Alpha,-macroglobulin stained slightly some macrophages and reactive astro-
cytes within recent and old plaques. Seldom and less intensively than IgG
alpha,-macroglobulin, plasma and blood vessel walls were stained (Fig. 7).
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Fig. 1. Case 3. IgG. Diffuse reaction within a recent demyelination lesion with loosening of tissue
structure. x 64

Ryc. 1. Przyp. 1. 1gG. Rozlana reakcja dyfuzyjna w $wiezym ognisku demielinizacji z roz-
rzedzeniem podloza. Pow. 64 x .

Fig. 2. Case 3. IgG. Extensive diffuse reaction within old subependymal plaque. x 128
Ryc. 2. Przyp. 3. IgG. Intensywna reakcja dyfuzyjna w starej blaszce podwysciotkowej. Pow. 128 x .
Fig. 3. Case 2. IgG. Perivascular and intracellular reaction of cortical nerve cells in the vicinity of

active demyelination lesion. x 128
Ryc. 3. Przyp. 2. IgG. Reakcja okolonaczyniowa oraz srodkomorkowa reakcja neuronéw kory
w poblizu ogniska aktywnej demielinizacji. Pow. 128 x.
Fig. 4. Case 1. IgG. Intracellular reaction of hypertrophic astrocytes, gemistocytes and microglial
rod cells within recent plaque. x 256

Ryc. 4. Przyp. 1. IgG. Srédkomérkowa reakcja przerostych astrocytow, gemistocytow i paleczek
mikrogleju w aktywnej blaszce. Pow. 256 x .

Sporadically an intracellular reaction was present in the nerve cells (Fig. 8) in
the meninges and glial limiting membrane.

Fibrinogen. A diffuse and perivascular reaction was found both within
active demyelinating areas (Figs 9, 10) and within old plaques. The intensive
perivascular reaction in recent demyelinations was found only in case 4,
which abundant perivascular transudafe (Fig. 11) was visible also in other
stainings. An intracellular reaction of fibrinogen occurred in a part of
macrophages, in reactive astrocytes and gemistocytes (Fig. 12) within recent
and old plaques. Plasma and blood vessel walls within plaques were slightly
stained. Sporadically neurons of deep cortical layers adjacent to the demyelina-
tion lesion were immunopositive.
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Fig. 5. Case 3. IgG. Intracellular reaction of subependymal glial cells within diffusely stained old
subependymal plaque. x 256

Ryc. 5. Przyp. 3. 1gG. Srédkomoérkowa reakcja gleju podwysciotkowego w obrebie dyfuzyjnie

zabarwionej starej blaszki podwysciotkowej. Pow. 256 x

Fig. 6. Case 1. IgG. Intracellular reaction in neurons of the 3rd cortical layer at a distance from the
active demyelination. x 128

Ryc. 6. Przyp. 1. IgG. Stédkomérkowa reakcja neuronow 111 warstwy kory oddalonej od aktywnej
demielinizacji. Pow. 128 x

Fig. 7. Case 3. Alpha,-macroglobulin, Within diffusely stained active plaque, intracellular reaction
of hypertrophic astrocytes and blood vessel walls. x 128
Ryc. 7. Przyp. 3. Alfa,-makroglobulina. Na tle dyfuzyjnie zabarwionej aktywnej blaszki srod-
komorkowa reakcja przerostych astrocytow i $cian naczyn krwionosnych. Pow. 128 x

Fig. 8. Case 3. Alpha,-macroglobulin. Marked intracellular reaction of supracallosal gyrus
neurons. x 128

Ryc. 8. Alfa,-makroglobulina. Wyrazna reakcja srodkomorkowa neuronoéw zakretu nadspoid-
towego. Pow. 128 x

Factor VIII, which is a marker of blood vessel endothelium, occasionally
stained diffusely recent (Fig. 13) demyelination areas; a somewhat more
intensive reaction was observed within old plaques in cases 3 (Fig. 14) and 4.
A remarkable perivascular reaction (Fig. 15) was found only in case 4 with the
above mentioned extensive perivascular transudation. Endothelium, other
elements of walls of small blood vessels and plasma filling their lumina were
stained both within recent (Fig. 13) and old plaques (Fig. 14). An intracellular
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Fig. 9. Case 1. Fibrinogen. Weak diffuse reaction within active lesion of the convolution axis. x 64
Ryc. 9. Przyp. 1. Fibrynogen. Staba reakcja dyfuzyjna w aktywnym ognisku w osi zakretu
korowego. Pow. 04
Fig. 10. Case 1. Fibrinogen. Diffuse staining and perivascular reaction within recent plaque.
Multilayer perivascular infiltrate. x 64

Ryc. 10. Przyp. 1. Fibrynogen. Dyfuzyjne zabarwienie i okolonaczyniowa reakcja w $wiezej blaszce.
Wielowarstwowy naciek okotonaczyniowy. Pow. 64 x

Fig. 11. Case 4. Fibrinogen. Diffuse reaction within recent demyelination lesion. Marked reaction
of perivascular transudates. Intracellular reaction of hypertrophic astrocytes. x 64
Ryc. 11. Przyp. 4. Fibrynogen. Dyfuzyjna reakcja w $wiezym ognisku demielinizacji. Wyraz-
nie zabarwione przesigki okolonaczyniowe. Srodkomoérkowa reakcja przerostych astrocytow.
Pow. 64 x
Fig. 12. Case 1. Fibrinogen. Intracellular reaction of hypertrophic astrocytes (arrows) within active
demyelination area. x 256

Ryc. 12. Przyp. 1. Fibrynogen. Srodkomoérkowa reakcja przerostych astrocytow (strzatki) w aktyw-
nym ognisku demielinizacji. Pow. 256 x
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Fig. 13. Case 3. Factor VIIL Diffuse reaction of recent plaque within U-fibers. x 64
Ryc. 13. Przyp. 3. Czynnik VIII. Dyfuzyjna reakcja w $wiezej blaszce w obrebie U widkien.
Pow. 64 x
Fig. 14. Case 3. Factor VIIIL. Diffusely stained old subependymal plaque with loosening of

structure. Intensive reaction of plasma and blood vessel walls. x 25

Ryc. 14. Przyp. 3. Czynnik VIII. Dyfuzyjne zabarwienie starej blaszki podwysciotkowej z roz-
rzedzonym podiozem. Intensywna reakcja osocza i Scian naczyn krwionosnych. Pow. 25 x

Fig. 15. Case 4. Factor VIII. Diffuse and perivascular reaction within active demyelination lesion.
Intracellular reaction of hypertrophic astrocytes. x 128

Rye. 15. Przyp. 4. Czynnik VIII. Dyfuzyjna oraz okolonaczyniowa reakcja w aktywnym ognisku
demielinizacji. Srodkomoérkowa reakcja przerostych astrocytow. Pow. 128 x

reaction sometimes occurred in reactive astrocytes and in neurons of the cortex
adjacent to the active demyelinating area.

Alpha  -antitrypsin. The diffuse reaction of various intensity more marked in
cases 3 and 4, occurred more frequently within recent demyelination areas (Fig.
16). It was less frequent in old plaques (Fig. 17). A perivascular reaction took
place mainly within active plaques, particularly in case 4 (Fig. 18). Intracellular
reaction was visible in macrophages, active astrocytes and gemistocytes within
recent (Figs 8, 16) and old lesions and in some cortical neurons in the
neighbourhood of the demyelination area (Figs 19, 20). The results of studies
are summarized in (Table 1).
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Fig. 16. Case 3. Alpha,-antitrypsin. Diffuse reaction within recent plaque. Intracellular reaction of
macrophages and reactive astrocytes. x 256
Ryc. 16. Przyp. 3. Alfa,-antytrypsyna. Dyfuzyjna reakcja w $wiezej blaszce. Srodkomorkowa
reakcja makrofagow i reaktywnych astrocytow. Pow. 256 x

Fig. 17. Case 3. Alpha,-antitrypsin. Diffuse reaction within old subependymal plaque with
loosening of structure. x 128
Ryc. 17. Przyp. 3. Alfa,-antytrypsyna. Dyfuzyjna reakcja w starej blaszce podwysciotkowej
z rozrzedzonym podtozem. Pow. 128 x
Fig. 18. Case 4. Alpha,-antitrypsin. Diffuse and perivascular reaction within active demyelination
plaque. Intracellular reaction of hypertrophic astrocytes. x 128

Ryc. 18. Przyp. 4. Alfa,-antytrypsyna. Okolonaczyniowa i dyfuzyjna reakcja w aktywnym ognisku
demielinizacji. Srodkomérkowa reakcja przerostych astrocytow. Pow. 128 x

Fig. 19. Case 3. Alpha,-antitrypsin. Marked intracellular reaction in neurons of deep cortical

layers, nearby active demyelination of U-fibers. x 256

Ryc. 19. Przyp. 3. Alfa,-antytrypsyna. Wyrazna srodkomorkowa reakcja neuronow glebokich
warstw kory, przyleglej do aktywnej demielinizacji U wiokien. Pow. 256 x

Fig. 20. Case 3. Alpha,-antitrypsin. Marked intracellular reaction of supracallosal gyrus neurons.

x 128

Ryc. 20. Przyp. 3. Alfa,-antytrypsyna. Wyrazna srodkomorkowa reakcja neuronéw zakretu
nadspoidtowego. Pow. 128 x

DISCUSSION

In all stainings applied diffuse perivascular and intracellular reactions were
present (Tab. 1). The diffuse reaction was found rather more frequently within
demyelinated inactive areas, and was more distinct in senile cases. The
perivascular reaction was slight and predominated in the regions of active
demyelination.

Both diffuse and perivascular reactions may be considered as indicating an
increase in the blood-brain barrier permeability. Increase of the BBB per-
meability in MS was described by Broman in 1964. The fluid leakage was
accompanied by an increase of the number of pinocytic vesicles in the cerebral
vessels endothelium (Brown 1978). In EAE, ie. in the experimental model
resembling MS, leakage takes place both through an increase of the endothelial
vesicular transport (Hirano et al. 1970; Claudio et al. 1988) as well as through
the widened interendothelial spaces (Lampert, Carpenter 1965; Hirano et al.
1970; Claudio et al. 1988). It was emphasized that inflammatory changes
appear within areas with an increase of the BBB permeability for serum
proteins (Kristensson et al. 1976) and that the leakage is limited to vessels with
inflammatory infiltrations (Ackerman et al. 1981). The increase of the BBB
permeability is correlated with the migration of mononuclear phagocytes
(Simmons et al. 1987). It was also demonstrated that severe inflammatory
infiltrations are connected with significant damage of the BBB and with
leakage of antimyelin antibodies, 1.e. immunoglobulins against nerve tissue
(Linington, Lassmann 1987). It has been suggested that in chronic relapsing
EAE changes in the distribution of anionic sites on the endothelial cell surface
may influence the inflammatory cells attachment and subsequent migration of
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Table 1. Results of immunocytochemical studies — intensity of reactions
Tabela 1. Wyniki badan immunocytochemicznych — nasilenie odczynow
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those cells to perivascular tissues (Lossinsky et al. 1988). The above inves-
tigations and other authors’ studies (Grundke-Igbal et al. 1980; Juhler et al.
1986; Moore, Raine 1987) indicate that BBB damage takes place in the early
period of the disease within active acute demyelination areas in which marked
inflammatory infiltrations are present. It has been even noted, that in chronic
relapsing EAE, closely resembling MS (Lassmann, Wisniewski 1979), BBB
damage was not observed within old demyelination lesions (Kitz et al. 1984).
However, in our material a diffuse reaction appeared both within active
demyelination areas as well as old plaques. In the latter, particularly those
located subependymally it was found even more frequently. Only a few data
from references confirm our findings on the presence of serum proteins within
old demyelination lesions. Tavolato (1975) found IgG in old MS plaques.
Krajewski and Asshauer (1986) performed correlative immunocytochemical
and NMR investigations on hemispheric slices from the brains of patients
deceased of MS. They showed the presence of albumin, IgG and al-
pha,-macroglobulin both within active as well as nonactive demyelination
areas. Within those lesions an increase of the magnetic resonance signal was
found. The question arises whether within inactive demyelination areas blood
serum proteins were maintained from the time of the pending active process of
demyelination. If so, why were they not phagocitized? or, maybe, within old
MS plaques damage of the BBB also takes place, although inflammatory
changes are very slight or even non existent. Old MS plaques showed
frequently loosening of the tissue structure and a very small number of
astrocytes. It is possible, that small blood vessels localized within the loosened,
i.e. changed background are surrounded by a smaller number of astrocytic
processes or processes of less efficient and/or changed astrocytes. Such vessels
easily undergo impairment and may be more permeable to serum blood
proteins. Moreover, the demyelinated fibers are more prone to imbibition with
serum components because of increased axolemma permeability (Shintaku et
al. 1987). It is also possible that the old subependymal plaques intensively
stained in our cases are additionally penetrated by IgG present in the
cerebrospinal fluid. In MS, in a long-lasting process of BBB damage, vascular
endothelial cells, essential in the pathogenesis of the disease may probably play
an essential role.

Antiendothelial antibodies damaging the endothelial cells cause the in-
crease in number of micropinocytic vesicles, however, they do not evoke an
inflammatory infiltrate (Hart et al. 1981). In MS antiendothelial cell antibodies
and immune complexes may also play a pathogenetic role in the BBB damage
(Tanaka et al. 1987). g

Immunization of guinea pigs with the endothelial cell membrane fraction
results in delayed hypersensitivity to this fraction and produces morphological
changes very similar to MS alterations (Tsukada et al. 1987). It points to
a possibility of acquiring antigenic properties by endothelial cells and provo-
king a humoral or cell reaction which leads in consequence to endothelial cells
damage, ie. to the BBB damage. Our material clearly indicates a greater
perivascular inflammatory reaction in young cases than in senile ones
(Rafatlowska et al. 1988). It also shows that in young cases of MS with
numerous active demyelination lesions vascular permeability was relatively
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low. The disease lasted 17 years in case 1 and 12 years in case 2. The long
duration of the disease influences the decrease of demyelination activity and
intensity of perivascular infiltrates (Guseo, Jellinger 1975). In the chronic
course of the disease the activity of suppressor cells increases (Antel et al. 1988).

In both our cases corticosteroid therapy, leading to a decrease of cellular
infiltrates (Rojiani et al. 1988), was used. All these factors weakening the
inflammatory-demyelinating process, may be indirectly involved in decreasing
the blood vessels permeability in our young age cases. Intracellular im-
muno-reactions directed against different antigens involved reactive astrocytes,
nerve cells and, from time to time, macrophages located within demyelination
lesions and in surrounding tissues. The intracellular reaction for IgG is perhaps
connected with the nonspecific binding of the latter with nervous tissue and
vessels (Goust et al. 1984) and appears within some nuclei of the brain stem and
spinal cord as well as pia mater and meningeal vessels (Fabian, Ritchie 1986).
Cross-linking immunoglobulin reactions may also occur in contact with
activated phagocytic cells acting as oxygen donor (Jasin 1987).

However, immuno-staining of some nerve cells (showing features of injury
in HE staining) in all methods used except that for alpha,-macroglobulin,
suggests a possibility of cell membrane damage and inhibition of cells with
proteins, characterized by a relatively low molecular weight. A similar
mechanism may also concern reactive astrocytes.

As regards literature data on the remarkable prevalence of lymphocytes
T within the demyelinating plaque (Traugott et al. 1983) and in perivascular
infiltrates the intracellular lymphocytic reaction for IgG was not found in our
cases.

To sum up it is worth noting that our material is not typical: two young
cases with a very long course of the disease, after a very frequently repeated
corticosteroid therapy, and two senile cases with a morphological picture
modified by age (Rafatlowska et al. 1988), do not allow general conclusions.
Therefore, our material can only indicate that failure of vessel permeability
occurs within active demyelination areas as well as old plaques, and that in MS
in senile age permeability of the blood vessels may be somewhat greater owing
to numerous additional pathogenic factors.

PRZEPUSZCZALNOSC BARIERY KREW-MOZG (BBB)
W STWARDNIENIU ROZSIANYM

Streszczenie

W czterech przypadkach stwardnienia rozsianego oceniono zaburzenia przepuszczalnosci
naczyn w aktywnych i starych ogniskach demielinizacji. Do oceny zaburzen zastosowano metode
immunoperoksydazy posredniej (wg Sternbergera i wsp. 1970) w celu uwidocznienia IgG,
alfa,-makroglobuliny, fibrynogenu, czynnika VIII oraz alfa,-antytrypsyny. Stwierdzono rézny
stopieri wzmozonej przepuszczalnosci naczyn dla wyzej wymienionych bialek zarowno w swiezych,
jak i starych blaszkach stwardnienia rozsianego.
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INTRAVASCULAR AXONAL DEBRIS
IN THE EXPERIMENTAL DEMYELINATION PROCESS

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

The remnants of myelin sheaths and myelin figures in brain capillaries are
casual findings demonstrated on transection of nervus hypoglossus in the rat
(Fernando 1973). Presently debris of myelinated axons have been found in
cerebral vessels of some mice treated with ethylnitrosourea (ENU). This
observation is discussed with the purpose to elucidate the course of events
resulting in intravascular disintegration of myelin sheaths.

MATERIAL AND METHODS

Sixteen mature, noninbred Swiss mice aged 72—272 days, nine of their
offspring and eight controls in corresponding ages, altogether 33 animals, were
used. Eight adults and 8 other females on the 15th day of pregnancy were
injected into the tail vein with a single dose of ENU solution (80 mg/kg b.wt. in
0.9 NaCl buffered to pH 4.2—4.4). Maternal and adult mice were sacrificed
7—300 days after injection, the progeny and controls (injected with 0.9 NaCl
solution) were killed at the corresponding age. After cardiac perfusion with 3%
glutaraldehyde in 0.2 M cacodylate buffer (except 7-day-old mice) standard
sections from 16 brain regions (Kroh, Luciani 1978) were routinely fixed in 2%
0sO, in cacodylate buffer, ethanols, and propylene oxide and embedded in
Epon 812. Semithin sections 0.5 pm thick were stained according to Richard-
son, the ultrathin sections cut on a Reichert PC2 ultratome were contrasted
with uranyl acetate and lead citrate and examined in a Zeiss 10 transmission
electron microscope.

RESULTS

Residues of myelin sheaths were identified within the lumen of cerebral
vessels of 9 experimental animals either only in semithin sections or their
myelin remnants were confirmed or disclosed in ultrathin sections. Two
animals presented myelin profiles in two separate capillaries on the same
section at close distance (Tab. 1).
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Table 1. Myelin debris in cerebral vessels in 3 groups of mice
Tabela 1. Fragmenty mieliny w naczyniach mézgu u 3 grup myszy

Experimental : Identification
group Age (days) Expednmental Localization semithin s
Grupa Wiek (dni) Dni d 'a).lsd 3 Lokalizacja Identyfikacja ME
doswiadczalna o e polcienkie
Offspring 48 48 Cerebellum 1
Potomstwo 60 60 Truncus cerebri 1
70 70 Globus pallidus 1
300 300 Cerebellum 2 2
Mothers 81 7 Truncus cerebri 1
Matki ? 14 Globus pallidus 1
‘ Ventriculs lat.
? 14 Truncus cerebri 2
Cortex cerebri 2 1
Adults 152 48 Truncus cerebri 1 1
Doroste 282 200 Cortex cerebri 1

The common contents of the examined vascular cross-sections, beside
residues of myelin profiles were red blood cells and remains of morphotic
elements, some of which resembled degenerated mitochondria, empty or
vesicular membraneous structures. Single or numerous breakdown products of
myelinated fibers in the capillary lumina rarely exhibited regular profiles, more
often their shape was irregular, indented (Fig. 1). The lamellar structure,
blurred in places could be distinguished in all myelin residues. Some myelin
profiles contained mostly floccular, rarefied axoplasmic debris, whereas the
better preserved ones also mitochondria (Fig. 2). In one case beside a vascular
myelin-like body there was additionally a myelin-like figure on the surface of
the ependymal cilia in the lateral ventricle (Fig. 3).

Another finding concerns two maternal mice presenting myelin within the
vascular lumen and two adult animals without myelin residues in the
capillaries. All of them (7th and 14th day of the experiment) presented in some
regions vascular changes of varying degree up to necrosis of the capillary
endothelium (Figs 4a, b, ¢ and 5). Still another feature presented by the
experimental 3-week-old offspring mouse and two controls (14 and 300 days
old) was the protrusion into the lumen of a venous vessel of cellular elements
filled with the lipid material, membraneous and lamellar structures penetrating
vascular wall (Fig. 6a, b).

Beside vascular changes, the alterations of the nervous tissue of experimen-
tal maternal and adult mice with intravascular myelin debris consisted of small
foci of degenerated myelin, small intercellular foci of substructural debris,
accumulation of the lipopigment, lysosomes and dense bodies with linear
densities in the cytoplasm of neurons and glia. In an offspring group such
changes were exhibited only by the oldest 300-day-old mouse.

The cellular changes in the brains of control animals consisted of increasing
with age accumulation of lipopigment, lysosomes, fat globules, and some
degeneration of singular axons, and from the third month of an accumulation
of subcellular breakdown products in the intercellular space.
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experiment. x 12500

Ryc. 1. Srédnaczyniowy fragment mezaksonu otoczonego mielina. Pien mozgu, mysz matka, 14
dzien do$wiadczenia. Pow. 12.500 x
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Fig. 2. Intervascular regular axonal profile containing axoplasm and a mitochondrion. Brain stem,
maternal mouse, 14 days of the experiment. x 12500

Rye. 2. Srodnaczyniowy prawidlowy zarys aksonu zawierajacego aksoplazme i mitochondrium.
Pien moézgu, mysz matka, 14 dzien doswiadczenia. Pow. 12.500 x
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Fig. 3. Myelin-like body upon the ventricular ependymal cilia. Maternal mouse, 70 days of the
experiment. x 8000

Ryc. 3. Cialo mielinopodobne na powierzchni rzgsek wysciotki komory. Mysz matka, 70 dzien
doswiadczenia. Pow. 8.000 x
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Fig. 4a. Capillary vessel from the frontal cortex of 81-day-old maternal mouse. 7 days of the
experiment. Endothelial cytoplasm pale and rarefied. x 8000

Ryc. 4a. Naczynie wlosowate w korze czotowej myszy matki, wiek 81 dni, 7 dzien doswiadczenia.
Blada rozrzedzona cytoplazma komorki sroddblonka. Pow. 8.000 x
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Fig. 4b. Capillary vessel from the frontal cortex of 81-day-old maternal mouse. 7 days of the
experiment. Necrotic changes of the endothelial cells, tight junction destroyed. x 8800

Ryc. 4b. Naczynie wlosowate w korze czotowej myszy matki, wiek 81 dni, 7 dzien doswiadczenia.
Zmiany martwicze w $rodblonku, zniszczone potaczenie sciste. Pow. 8.800 x
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experiment. Necrosis of the endothelial lining. Residues of tight junctions. x 8800

Ryc. 4c. Naczynie wlosowate w korze czotowej myszy matki, wiek 81 dni, 7 dzien do$wiadczenia.
Martwica srodblonka, pozostalo$ci polaczen Scistych. Pow. 8.800 x
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Fig. 5. Necrotic endothelial cell, lysosome and myelin-like body in adjacent pericyte. Frontal
cortex, maternal mouse 81 day-old, 7 days of the experiment. x 20400

Ryc. 5. Zmiany martwicze w komorce §rodbtonka, lizosom i cialo mielinopodobne w przylegaja-
cym perycycie. Kora czotowa, mysz matka, wiek 81 dni, 7 dzien doswiadczenia. Pow. 20.400 x
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Fig. 6a. Three cells representing phagocytizing glia (arrows) protruding into postcapillary venule
lined with intact endothelium. Brain stem, 21-day-old offspring mouse. x 2100

Ryc. 6a. Trzy komorki o cechach gleju zernego (strzatki) wstawiaja si¢ do zyly zawlosniczkowej
pokrytej prawidlowym $rodblonkiem. Pien mozgu. Mysz potomna, wiek 21 dni. Pow. 2.100 x
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Fig. 6b. Protrusion of cell filled with membraneous profiles and amorphous substance into the
postcapillary venule. Globus pallidus. 21-day-old offspring mouse. x 2100

Ryc. 6b. Wstawienie si¢ komorki wypetnionej materialem bloniastym i bezpostaciowym do zyly
zawlosniczkowej. Galka blada. Mysz potomna, wiek 21 dni. Pow. 2.100 x

DISCUSSION

The presented- material gave the opportunity to observe the breakdown
products of myelin fibers in the brain vessels of all experimental groups; the
debris have been demonstrated in the vascular lumen of 48 —300-day-old
offspring and in the adult and maternal mice during 7— 200 experimental days.

The damage of cerebral capillaries observed in the maternal and adult mice
during the first two weeks of the long-lasting experiment suggests that injury of
the endothelium is an immediate effect of intravenous ENU injection. In
human demyelination diseases such as multiple sclerosis and progressive
multifocal leukoencephalopathy the release of breakdown myelin products
from the nervous tissue into the cerebrospinal fluid has been demonstrated
earlier (Herndon, Kasckow 1978). Fragments of myelin in the cerebrospinal
fluid sediment were always extracellular and exhibited a characteristic periodic-
ity. Only those with alternating lines were considered as being of true myelin
5 — Neuropatologia Polska 1-2/90
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nature. The authors believe that the passage of myelin fragments into the
cerebrospinal fluid takes place either through a breaks in the ependyma or in
the pia and reject the idea of their removal by macrophages. According to
Fernando (1973) the myelin is phagocytized starting with the third day after
transection of nervus hypoglossus in the adult rat and as myelin debris can be
found in the vascular lumen, in endothelial cells and in the pericytes of cerebral
capillaries as well as in the Kupfer cells.

The results of the present experiment favour the idea that necrosis or
transient damage to the endothelial cells might facilitate the extrusion of
myelin breakdown products and other nervous tissue debris into the vascular
system. Previous observations in the light (Kroh 1976, 1978) and the electron
microscope (Kroh, Cervés-Navarro 1983) pointed to the development of focal
demyelination in the mouse brain due to ENU not earlier than 48 days after
injection of the drug. The finding of myelin debris in the blood vessels of
mature animals during the earlier stage of the experiment is most probably
connected with natural regressive changes during aging.

SRODNACZYNIOWE ELEMENTY AKSONALNE
W DOSWIADCZALNYM PROCESIE DEMIELINIZACYJNYM

Streszczenie

Resztki elementow wiokien osiowych, tj. ostonki mielinowe i organelle komorkowe stwier-
dzono w naczyniach mézgu myszy na skrawkach polcienkich i cienkich w trakcie badan zmian
demielinizacyjnych pod wptywem etylonitrozomocznika (Kroh, Cervos-Navarro 1983). Wystepo-
waly one w trzech grupach u 9 zwierzat: dorostych (48 i 200 dni do$w.), matek (7—70 dni do$w.)
iich potomstwa (48 —300 dni do$w.) po jednorazowym dozylnym wstrzyknigciu etylonitrozomocz-
nika (80 mg/kg.m.c.) w 15 dniu ciazy. Ponadto u 4 zwierzat w grupie myszy dorostych oraz matek
stwierdzono uszkodzenie srodblonkéw naczyn wlosowatych znacznego stopma do martwicy
wlacznie, w 7 i 14 dniu do$wiadczenia.

Wyniki obserwacji moga $wiadczy¢ o donaczyniowym transporcie rozpadiych elementoéw
wiokien osiowych. Uszkodzenie $rodblonkéw naczyn we wczesnym okresie doswiadczenia moze
ufatwiaC ten transport.
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ALTERATIONS INDUCED BY QUINOLINIC ACID
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Department of Neuropathology, Medical Research Centre, Warszawa

Among various excitatory amino acids broadly investigated over the past
few years, quinolinic acid (QUIN) aroused special interest due to its particular
biological properties. QUIN represents an endogenous amino acid, whose
cortical content increases during the aging process (Wolfensberger et al. 1983;
Moroni et al. 1984). Regional variations in neuronal sensitivity (Perkins, Stone
1983; Schwarcz, Kohler 1983), selective vulnerability of particular nerve cells
even in the same brain area (Schwarcz et al. 1983) and the age-dependent
character of QUIN-induced lesions (Foster et al. 1983) were described in earlier
studies. QUIN acts via selective activation of the N-methyl-D-aspartate
(NMDA) receptor, only one of the three recognized excitatory amino acid
receptors, and thus is a major candidate for its endogenous ligand (Stone et al.
1987). However, the QUIN-specific subpopulation of the NMDA postsynaptic
receptor, as well as the presence of the presynaptic QUIN receptor are also
under consideration (Perkins, Stone 1985; Stone et al. 1987).

QUIN neurotoxicity, like that of other excitatory amino acids, seems to be
closely related to its ability to depolarize directly neurons, this resulting in
pathological membrane permeability changes and impaired ion homeostasis
(Olney et al. 1971; Peters, Choi 1987; Rothman, Olney 1987). Recently, the
involvement of the NMDA receptor in evoking brain damage associated with
anoxia/ischemia, hypoglycemia, epilepsy and Huntington’s disease is widely
postulated (Ellison et al. 1987; Rothman, Olney 1987; Stone et al. 1987; Jones
1988). Thus elucidation of the still unclear pathomechanisms of QUIN
cytotoxicity and their subsequent prevention might entail important clinical
implications and eventually therapeutical approaches.

Morphological studies focused on the pattern of nerve cells injury induced
by QUIN are scant, and only few of them include ultrastructural observations.
Our previous experiments in organotypic (Kida et al. 1988) and dissociated
(Khaspekov et al. 1989) cell culture of hippocampus showed that this structure
is especially sensitive to QUIN action in vitro. However, in both the tissue
culture techniques studied only well differentiated cultures showed mor-
phological abnormalities. The present study was undertaken in order to
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establish more precise characteristics of QUIN-induced ultrastructural al-
terations in the rat hippocampus and the dynamics and pattern of cell damage
in the organotypic tissue culture model.

MATERIAL AND METHODS

The hippocampi from 2—3-day-old Wistar rats were dissected out under
sterile conditions and cut parasagittally into small slices in Minimal Essential
Medium (MEM). Each thin section was then placed on a collagen-coated glass
coverslip, covered with two drops of nutrient medium and maintained in
Maximow assemblies at 36.5°C. The nutrient medium, renewed twice weekly,
consisted of 20% heat-inactivated human serum and 80% MEM (Earle’s salts)
supplemented with 600 mg% glucose. The cultures were regularly inspected in
living state under a light microscope.

On the 21th day of growth in vitro (DIV) selected cultures were exposed to
QUIN (Sigma) added to the nutrient medium at a concentration of 100 pM or
1 mM. Sister cultures were grown in standard conditions. The experimental
cultures after 2h, 24h and 3 and 7 days of QUIN addition, as well as control
cultures were processed for electron microscopy according to routinely used
methods. Briefly, the cultures were fixed in 1.5% cold glutaraldehyde for 1h,
postfixed in 2% osmium tetroxide, dehydrated in alcohols and embedded in
Epon 812. Ultrathin sections were counterstained with lead citrate and uranyl
acetate and examined in a JEM 100B electron microscope.

RESULTS

In the cultures exposed to 1 mM QUIN ultrastructural alterations were
seen as early as 2h after QUIN administration, involving both the neuropil and
the pyramidal nerve cells. In the neuropil numerous severely swollen dendritic
processes were observed (Fig. 1). These profiles contained delicate, fibrillar
material, few disarranged microtubules and enlarged mitochondria with
disrupted cristae. Some of the dendritic processes or dendritic spines located in
the outgrowth zone of the cultures were even more affected and showed focal
disruption of protoplasmic membranes. However, not all dendrites underwent
ultrastructural changes, and beside distinctly affected dendrites, numerous well
preserved dendritic profiles were also found. Axon terminals were unchanged
as compared with controls.

Ultrastructural alterations observed in pyramidal neurons 2 h after QUIN
addition distinctly varied in intensity and character. In particular areas large
clusters of cells were damaged, leaving unaffected only individual cells in
between. In other areas haphazardly located damaged neurons, intermingled
with well preserved ones were encountered. The most frequently observed
changes consisted in prominent swelling of nerve cells perikarya manifesting an
electron-lucent appearance. In the swollen cytoplasm only few damaged
organelles were seen, such as mitochondria with disrupted or densely packed
cristae, enormously dilated and degranulated granular endoplasmic reticulum
channels, lipid droplets and small vacuoles. The nuclei in these cells manifested
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Fig. 1. Swollen postsynaptic dendritic process (D) and intact axon terminal (A) in culture examined
2 h after 1 mM QUIN. x 12000
Ryc. 1. Obrzmiala postsynaptyczna wypustka dendrytyczna (D) oraz prawidlowo zachowane
zakonczenie aksonalne (A) w hodowli ocenianej 2 godz. po podaniu 1 mM kwasu chinolinowego.
Pow. 12000 x

Fig. 2. Severely affected neuron with disintegrated nucleus (N) and damaged organelles including
mitochondria (M) in culture examined 2 h after 1 mM QUIN. x 6000
Ryc. 2. Bardzo znacznie uszkodzona komorka nerwowa zawierajaca uszkodzone jadro (N) oraz
organelle cytoplazmatyczne, w tym mitochondria (M), w hodowli ocenianej 2 godz. po podaniu
I mM kwasu EhiAQ)inldWexs) FOHC) 6000 x
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clumping of chromatin and splitting or disruption of the nuclear envelope. In
some cells disintegration of the organelles was even more pronounced (Fig. 2).
Less frequently seen were pyramidal neurons containing numerous vacuoles in
the cytoplasm, but usually intact other organelles (Fig. 3). In individual cells
vacuoles formed by dilated profiles of granular endoplasmic reticulum channels
and condensation of the cell cytoplasm were observed. In particular pyramidal
neurons, sometimes in basket cells, the number of mitochondria was increased.
They were usually large, with electron-transparent matrix and short cristae
(Fig. 4). Glia showed no distinct pathology. Neurons manifesting the severe
alterations described above, were not observed in cultures examined 24 h after
QUIN addition. However, similar neuronal abnormalities with severe swelling
of the cell cytoplasm and clumping of nuclear chromatin could be found in
cultures exposed to lower QUIN concentration (100 uM), but at later periods,
24 h after QUIN administration. In some of the swollen neurons the
organelles, usually severely damaged, were accumulated in the perinuclear area
(Fig. 5). The remaining cytoplasm was devoid of organelles, had an elec-
tron-lucent appearance or contained delicate, fibrillar material. The nucleus
showed clumping of chromatin and disruption of the nuclear envelope. In other
affected, swollen nerve cells the cytoplasm contained numerous membraneous
structures, patches of electron-dense material and few severely damaged

Fig. 3. Numerous vacuoles (V) and mitochondria with electron dense matrix (M) in the condensed
cytoplasm of a nerve cell (N) in culture examined 2 h after 1 mM QUIN. x 9000

Ryc. 3. Liczne wakuole (V) oraz mitochondria o gestej elektronowo macierzy (M) w cytoplazmie
komorki nerwowej (N), 2 godz. po podaniu 1 mM kwasu chinolinowego. Pow. 9000 x
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Fig. 4. Increased number of large mitochondria (M) with light matrix and short cristae in basket
neuron in culture 2 h after 1 mM QUIN. x 9000
Ryc. 4. Zwigkszona ilos¢ duzych mitochondriow (M) o jasne) macierzy i krotkich grzebieniach
w neuronie wstawkowym w hodowli 2 godz. po podaniu | mM kwasu chinolinowego. Pow.
9000 x
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Fig. 5. Swollen nerve cell. Nucleus (N) with clumping of chromatin (arrows). Destroyed organelles
accumulated in the perinuclear area (arrow heads). Culture examined 24 h after 100 pM
QUIN. x9000
Ryc. 5. Obrzmialy neuron z uszkodzonym jadrem (N) zawierajacym zbite grudki chromatyny
(strzalki) oraz uszkodzonymi organellami cytoplazmatycznymi zgrupowanymi wokot jadra (groty
strzalek). Hodowla 24 godz. po podaniu.100 uM kwasu chinolinowego. Pow. 9000 x
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organelles. The axon terminals contacting these cells were undamaged,
however beneath the postsynaptic membrane accumulation of electron-dense,
floccular material was observed. The process of nerve cells damage was not
widespread, and even in the close proximity of severely affected neurons, nerve
cells with intact ultrastructure could be found. In the same culture, nerve cells
manifesting vacuolation of the cytoplasm were also seen more frequently than
in the cultures exposed to higher QUIN concentration. Some of these cells,
apart from the vacuoles, showed moderately dilated granular endoplasmic
reticulum profiles, slightly swollen mitochondria and some lipid droplets of
high electron density, but with intact nucleus (Fig. 6). In other cells however,
a condensation of the cell cytoplasm giving a dark appearance was seen (Fig.
7). In some areas, some sporadical cells showed advanced vacuolar degenera-
tion (Fig. 8). Dendritic alterations were still present. In many swollen dendrites
accumulation of electron-dense floccular material and vacuoles with granular
content were seen (Fig. 9). Axon terminals showed no alterations. Apart from
the above mentioned neuronal alterations, in the cultures examined 24 h after
both QUIN concentrations studied, particular nerve cells showed milder
cytoplasmic abnormalities including swelling of the cell soma, but without
distinct nuclear alterations, focal diminution of polyribosomes in the cyto-

Fig. 6. Numerous vacuoles (V), slightly dilated profiles of granular endoplasmic reticulum (Gr) and
lipid droplets (Ld). Pyramidal neuron examined 24 h after 100 uM QUIN. x 9000
Ryc. 6. Liczne wakuole (V), nieznacznie poszerzone kanaly ziarnistej siatki $rodplazmatycznej (Gr)
i krople ttuszczu (Ld) w cytoplazmie neuronu piramidowego, 24 godz. po podaniu 100 uM kwasu
chinolinowego. Pow. 9000 x
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Fig. 7. More pronounced alteration of a nerve cell. Numerous vacuoles (V), condensed cytoplasm.
Culture 24 h after 100 uM QUIN. x 9000
va 7. Bardziej nasilone zmiany zwyrodnieniowe komorki nerwowej z licznymi wakuolami (V)
i kondensacja cytoplazmy w hodowli 24 godz. po podaniu 100 uM kwasu chinolinowego.
Pow. 9000 x

SRR

Fig. 8. Vacuolar degeneration of nerve cell. Nucleus (N) with small clumps of nuclear chromatin
(arrows). Culture 24 h after 100 uM QUIN. x 9000

Ryc. 8. Zwyrodnienie wodniczkowe komorki nerwowej. Uszkodzone jadro (N), z drobnymi
skupieniami chromatyny jadrowej (strzatki). Hodowla 24 godz. po podaniu 100 uM kwasu

9000 x
chinoliponse/ Ir"c’;‘fn.org.pl
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Fig. 9. Damaged postsynaptic dendrites (D) with patches of floccular material (arrows) and intact
axon terminals (A) in culture 24 h after 100 pM QUIN. x 12000

Ryc. 9. Uszkodzone postsynaptyczne zakonczenie dendrytyczne (D) zawierajace skupienia klacz-
kowatego materiatu (strzatki) oraz nieuszkodzone zakonczenie aksonalne (A) w hodowli 24 godz.

po podaniu 100 pM kwasu chinolinowego. Pow. 12000 x

plasm, mitochondrial swelling or their increased number. Protoplasmic astro-
cytes showed no abnormalities, except for mild swelling of the cytoplasm in
individual cells. In the fibrous astrocytes however, an increased number of
intermediate gliofilaments was found, which in some cells formed abundant
bundles surrounding the nucleus or filling large spaces of the cytoplasm (Fig.
10). On the following days of observation the process of tissue damage
proceeded and in cultures examined three days after exposure to QUIN
remnants of damaged and disintegrated nerve cells were observed containing
membraneous structures, vacuoles, lipid droplets, granular vacuoles and
myelin-like figures. The fragments of damaged cells were still encircled by
a continuous plasma membrane. Some cellular debris were entirely engulfed by
glial cell processes (Fig. 11). In some glial cell processes glycogen particles were
observed. In the cytoplasm of fibrous astrocytes lipid droplets, numerous
lysosomes and residual bodies were observed. The neuropil had a loose
appearance due to the reduced number of neuronal processes as compared with
controls. Macrophages were frequently seen, mainly close to the cell remnants.
A similar pattern of tissue damage was seen in the cultures examined 7 days
after QUIN addition. The number of surviving neurons was considerably
higher in the cultures exposed to lower QUIN concentrations. In the close
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Fig. 10. Fibrous astrocyte filled with numerous bundles of gliofilaments (gf) in culture 24 h after
100 tM QUIN. x 9000
Ryc. 10. Astrocyt wioknisty zawierajacy liczne peczki posrednich gliofilamentow (gf) w hodowli
24 godz. po podaniu 100 uM kwasu chinolinowego. Pow. 9000 x

Fig. 11. Remnants of nerve cell (R) engulfed by glial cell process (arrow heads). Glycogen particles
in the adjacent glial process (Gly). Culture examined 3 days after 1 mM QUIN. x 9000
Ryc. 11. Resztki rozpadiej komorki nerwowej (R) wtopione w wypustke glejowa (groty strzalek).
Ziarna glikogenu w wypustce glejowej (Gly). Hodowla 3 dni po podaniu 1 mM kwasu
chinoljnowegq. Pow. 9000 x
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proximity of damaged neurons macrophages and astrocytes could be seen (Fig.
12). However, close to severely damaged neurons well preserved pyramidal
nerve cells could still be observed (Fig. 13). Numerous fibrous astrocytes
displayed reactive changes consisting in abundant cytoplasm with well
developed Golgi apparatus, numerous ribosomes and lysosomes filled with
granular material, membrane-bound lipid droplets of different electron density
and residual bodies. It is noteworthy that, besides cell remnants or nerve cells
showing vacuolar degeneration, individual severely swollen neurons with
damaged organelles and nucleus could be occasionally found. Some of these
cells were surrounded or invaded by fibrous astrocyte processes (Fig. 14). In the

Fig. 12. Remnants of nerve cell (R), macrophage (Ma) and astrocyte (G) in culture examined 7 days
after | mM QUIN. x 9000

Ryc. 12. Resztki zwyrodnialej komorki nerwowej (R), makrofag (Ma) oraz astrocyt wioknisty (G)
w hodowli 7 dni po podaniu 1 mM kwasu chinolinowego. Pow. 9000 x
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Fig. 13. Remnants of nerve cell (R) adjacent to intact pyramidal nerve cell (Py). Protoplasmic
astrocyte in their proximity (G). Culture 7 days after 1 mM QUIN. x 6000
Ryc. 13. Resztki komorki nerwowej (R) przylegajacej do prawidlowo zachowanego neuronu
piramidowego (Py). W poblizu widoczny astrocyt protoplazmatyczny (G). Hodowla 7 dni po
podaniu 1 mM kwasu chinolinowego. Pow. 6000 x

Fig. 14. Severely damaged nerve cell (N) invaded (arrows) by astrocytic processes (G) in culture
examined 7 days after 100 pM QUIN. x 9000
Ryc. 14. Cigzko uszkodzona komorka nerwowa (N) otoczona (strzatki) przez wypustki glejowe (G)
w hodowli 7 dni po podaniuh m@ﬁgopbwegoA Pow. 9000 x



Fig. 15. Basket cell with rod-like intranuclear inclusion (arrows) and well preserved dendritic
profile (D). In the compact neuropil paucity of axons and dendrites (A,D —respectively) and
increased number of glial processes (G). Culture examined 7 days after 1 mM QUIN. x 6000
Ryc. 15. Neuron wstawkowy z wtretem wewnatrzjadrowym (strzalki) oraz prawidlowo za-
chowanym dendrytem (D). W neuropilu nieliczne aksony i dendryty (A,D—odpowiednio) oraz
zwigkszona ilos¢ wypustek glejowych (G). Hodowla 7 dni po podaniu 1 mM kwasu chinolinowego.
Pow. 6000 x

=
4
-
w
4

Fig. 16. A cluster of intact granulé (gr) cells in culture examined 7 days after 100 pM
QUIN. x 6000

Ryc. 16. Skupienie nieuszkodzonych komorek ziarnistych (gr) w hodowli 7 dni po podaniu 100 pM

Kitesy: phinfigonseg. Bpw. 6000
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neuropil swollen dendrites were not present, but some postsynaptic processes
were condensed and containing small vacuoles and swollen mitochondria.
Axon terminals contacting them disclosed no abnormalities. The neuropil had
a more compact appearance, due mainly to the increased number of glial cell
processes. Nerve cells processes and synaptic junctions paucity as compared to
controls was evident.

In all experimental groups, at various timepoints after QUIN adminis-
tration, numerous nerve cells corresponding to basket cells (Fig. 15), as well as
granule cells (Fig. 16) showed an unchanged ultrastructure.

DISCUSSION

Previously performed experiments disclosed two main types of mor-
phological changes occurring in nerve cells in response to various excitotoxin
action: acute excitotoxic neuronal swelling and late cells injury leading to dark
cell vacuolar degeneration (Olney et al. 1986; Rothman, Olney 1987). Acute
neuronal swelling is attributed to receptor activation and subsequent mem-
brane depolarization, abnormal influx to the cell of sodium, chloride and water
(Rothman 1985; Olney et al. 1986). However, this pathomechanism appears not
to be responsible for irreversible cell damage, because even when sodium is
removed from the environment and no acute swelling develops, over the next
few hours neurons gradually degenerate (Choi 1987). Neuronal cells degenera-
tion is accounted for to excessive calcium influx to the cell through volt-
age-dependent channels, but mostly, after opening of NMDA activated
channels with high intrinsic calcium permeability (Choi et al. 1988). However, if
swelling of the cell persists for many minutes it may produce irreversible
damage even in the absence of extracellular calcium (Rothman, Olney 1987).
Quinolinic acid was shown to be a weak excitant of cortical neurons in cell
culture, only at higher concentrations (above 2 mM) producing consistent
depolarizations (Peters, Choi 1987). Cortical and cortex-caudate organotypic
cultures exposed to 100 pM and 1 mM QUIN manifested postsynaptic
changes only after 12 h of incubation, perikaryal abnormalities being limited to
dilatations of the Golgi apparatus exclusively (Whetsell, Schwarcz 1983). The
results of our present study, as well as of our previous experiments indicate
that, in contrast to neocortical or striatal cultures, hippocampal cultures are
specially sensitive to the action of QUIN. We observed pyramidal nerve cell
alterations and dendritic damage as early as 2 h after 1 mM QUIN adminis-
tration. These changes appearing at early stages of observation included not
only acute neuronal swelling, but concomitant severe destruction of the
organelles and nucleus. The intensity of morphological changes and mostly
nuclear disintegration observed determine their irreversible character. This
type of neuronal alterations distinctly predominated in our cultures at the early
(up to 24 h) stages of observation, independently of QUIN concentrations
examined. These changes greatly outnumbered other ultrastructural abnor-
malities, including, rather rarely disclosed, especially after higher QUIN doses,
vacuolar cell degeneration. The hippocampus and especially its CA, region
represents a brain area with the highest levels of NMDA receptors in the entire
brain (Cotman et al. 1987). Since QUIN neurotoxicity is attributed to NMDA
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receptor activation, it seems that the high vulnerability of the hippocampus to
QUIN established in our cultures may be related to this phenomenon.

Another noteworthy observation is the occurrence in the cultures examined
7 days after QUIN addition of severely swollen neurons with damaged
organelles and nucleus, rather typical for early QUIN cell injury. These
severely affected neurons appeared in the cultures without direct QUIN
participation, as the neurotoxin was eliminated earlier from the environment
following medium changes. Thus, it seems that once initiated, the process of
tissue destruction may proceed, even in the absence of neurotoxin in the
environment. This is consistent with the recently proposed hypothesis, that
intracellular pools of NMDA agonists may be released into the environment
and with time feed back to the neuronal NMDA receptor producing
progressive neuronal injury (Choi et al. 1988).

It is, moreover, of interest that beside intact granule cells rather resistant to
QUIN, numerous well preserved basket cells were seen even 7 days after QUIN
addition. Does this result from specific tissue culture conditions and lack of
their afferent connection, or alternatively reflect their resistance to QUIN,
remains to be elucidated by future experiments.

The response of the glia in our cultures consisted of a distinctly increased
number of gliofilaments in the cell somata and processes, demonstrated in
previous studies after various tested excitotoxins (Renkawek, Matyja 1982;
Bjorklund et al. 1986). Moreover, in our cultures numerous fibrous astrocytes
manifesting reactive changes were observed. The relation of the glial changes to
neuronal damage is still unclear, however there are suggestions of their
important interactions. Astrocytes actively participate in the brain metabolism
of QUIN, as they contain both its synthesizing and degrading enzymes (Kohler
et al. 1988). Moreover, recent experiments showed that, following excitotoxin
brain lesion and concomitant proliferation of astrocytes, the prominent
observed increase in enzymes synthesizing QUIN, might even result in an
increase of the amount of QUIN, and subsequently in progressive nerve cell
loss (Spaciale et al. 1987).

CHARAKTER I DYNAMIKA USZKODZEN ULTRASTRUKTURALNYCH
WYWOLANYCH PRZEZ KWAS CHINOLINOWY
W ORGANOTYPOWEJ HODOWLI HIPOKAMPA SZCZURA

Streszczenie

Celem pracy byla ocena dynamiki narastania oraz charakteru uszkodzen strukturalnych
wywolywanych w organotypowej hodowli hipokampa szczura przez kwas chinolinowy, endogenny
aminokwas o wlasciwosciach neurotoksycznych. Kwas chinolinowy podawano jednorazowo
w stezeniu 100 pM oraz 1 mM do srodowiska odzywczego 21-dniowych hodowli hipokampa,
ktére nastgpnie po odpowiednim utrwaleniu oceniano po 2 i 24 godz. oraz 3 i 7 dniach
w mikroskopie elektronowym. Przeprowadzone badania wykazaly pojawianie si¢ uszkodzen
zakonczen postsynaptycznych oraz uszkodzen strukturalnych neuronéw piramidowych juz po
2 godz. od podania zwiazku, jak tez wczesny, obserwowany po 24 godz. odczyn glejowy w postaci
nagromadzenia wlokienek glejowych w cytoplazmie i wypustkach astrocytow wioknistych.
Stwierdzono ponadto selektywny charakter uszkodzen neuronalnych, zaoszczedzenie wielu komo-
rek wstawkowych i ziarnistych. Obserwowano ponadto pojawianie si¢ uszkodzen strukturalnych
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poszczegblnych neuronow piramidowych w hodowlach ocenianych 7 dni po podaniu kwasu
chinolinowego, wowczas gdy neurotoksyna zostala usunigta ze srodowiska odzywczego poprzez
uprzednia zmiang medium. To ostatnie spostrzezenie sugeruje, ze proces patologiczny moze
przebiegac dalej, pomimo eliminacji zwigzku toksycznego ze srodowiska, prowadzac do narastania
uszkodzen strukturalnych zapoczatkowanych podaniem neurotoksyny.
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MAREK PIETRZAK

WPLYW CCNU (LOMUSTINE) NA NEUROSEKRECJE JADER
PODWZGORZA 1 NERWOWEJ CZESCI PRZYSADKI SZCZURA
WE WCZESNYM OKRESIE ROZWOJU POZAMACICZNEGO

Klinika Neurologii Rozwojowej,
Akademia Medyczna im. Karola Marcinkowskiego, Poznan

Dzialanie CCNU — 1-(2-chloroetylo)-3-cykloheksylonitrozomocznika po-
lega glownie na alkilacji nukleotydow komorkowego DNA i RNA (Cheng
1 wsp. 1972; Goth, Rajewsky 1972; Jensen, Reed 197/8). Efektem nadmiernej
alkilacji kwasow nukleinowych jest zahamowanie oraz powstawanie bledow
w replikacji i transkrypcji DNA. Zwiazek ten dziala rowniez na czasteczki
biatka poprzez karbamylacj¢ aminokwasoéw (Heal i wsp. 1979; Sudhaker i wsp.
1979). Ze wzgledu na dobra rozpuszczalnos¢ w lipidach i fatwe przenikanie do
plynu mézgowo-rdzeniowego i mozgu lek ten znajduje zastosowanie w neuro-
onkologii (Oliveiro i wsp. 1970; Walker, Hilton 1976). Wykazuje przy tym
tendencj¢ do gromadzenia si¢ w guzach moézgu w stezeniu wigkszym niz
w otaczajacej tkance nerwowej (Castronovo i wsp. 1980). Powszechnie uwaza
sig, ze terapeutyczne dawki CCNU nie wywoluja toksycznych objawow
ubocznych ze strony ukladu nerwowego (Strian, Maurach 1981; Young,
Posner 1979). W badaniach doswiadczalnych wykazano jednak zmiany mor-
fologiczne i histoenzymatyczne w komodrkach nerwowych, gleju i sSrodbtonkach
naczyn mozgowych szczurow poddanych dzialaniu CCNU (Maziarz, Szczech
1984; Szczech 1984, 1986; Godlewski 1986; Szczech, Godlewski 1986). Charak-
ter zmian zalezal od stopnia dojrzalosci ukltadu nerwowego i wieku zwierzat
w czasie podawania cytostatyku.

Celem przedstawionej pracy bylo przesledzenie wplywu terapeutycznych
dawek CCNU, stosowanych we wczesnym okresie rozwoju pozamacicznego,
na podwzgorzowe osrodki neurosekrecyjne szczura.

MATERIAL I METODY

Badania przeprowadzono na 32 szczurach szczepu Wistar, ktorym podawa-
no dozotadkowo w 3, 51 7 dniu po urodzeniu CCNU-Lomustine (Bellustine,
Bellon F) w dawce 12,5 mg/kg masy ciala, rozpuszczony w oleju spozywczym.
Szczury kontrolne otrzymywaty w tych samych dniach i ta sama droga olej
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spozywczy bez cytostatyku. Zwierzeta doswiadczalne i kontrolne u$miercano
przez dekapitacje w 8, 15 i 30 dniu po urodzeniu. Krew z naczyn szyjnych
zbierano w celu oznaczenia osmolalnosci surowicy. Do badan morfologicznych
pobierano moézgowia i przysadki mozgowe. Material przeznaczony do badan
immunohistochemicznych utrwalano w utrwalaczu Bouina, a pozostala czes¢
w utrwalaczu Zenkera z 10% dodatkiem formaliny przez 1 godzing, a nastep-
nie w samym plynie Zenkera przez dalszych 16 godzin. Po odwodnieniu
w szeregu etanoli o wzrastajacych stgzeniach material zatapiano w parafinie.
Poprzeczne, seryjne skrawki grubosci 7 pm cigto poczynajac od skrzyzowania
wzrokowego w kierunku doogonowym. Obecnos¢ neurofizyny wykazywano
przy uzyciu metody nieznakowanych przeciwcial w polaczeniu z technika
kompleksow peroksydazy-antyperoksydazy (PAP) (Sternberger 1979). Surowi-
ca (Rb 42-2 Apr 78) zawierajaca poliklonalne przeciwciala reagujace z neuro-
fizyna I 1 I byla darem prof. M. V. Sofroniewa z Uniwersytetu w Oxfordzie
w Wielkiej Brytanii. Kontrole swoistosci reakcji immunohistochemicznej
badano zastgpujac pierwsze przeciwcialo zwykla nieimmunizowana surowica
krolicza lub surowica antyneurofizynowa, absorbowana przez dodanie nad-
miaru neurofizyny (7,5 mg/ml). Wyniki testow kontrolnych byly zawsze nega-
tywne. Wykonano réowniez barwienie hematoksyling chromowa wedlug Go-
moriego oraz fioletem krezylu.

Pomiary morfometryczne neurocytéw w jadrach nadwzrokowych i przyko-
morowych podwzgoérza przeprowadzono w preparatach barwionych met.
Nissla, za pomoca mikrometru okularowego mierzac dwa prostopadie wymia-
ry jadra komoérkowego (d, i d,). Obliczano pole powierzchni przekroju jadra
komorkowego (S;) wedlug wzoru:

d, xd
S i 7[—14———2.
Srednie arytmetyczne wynikow poréwnywano z wynikami grupy kontrolnej
szczurOW w tym samym wieku.
Pomiaréw osmolalnosci surowicy dokonywano bezposrednio po pobraniu
i odwirowaniu krwi za pomoca osmometru (Fiske Osmometer, USA) metoda
obnizenia punktu zamarzania.

WYNIKI

Obserwujac zachowanie zwierzat doswiadczalnych stwierdzono mniejsza
ruchliwos¢ wigkszosci szczurow w czasie i w ciagu kilku dni po zakonczeniu
podawania CCNU. Przyrost masy ciala szczuréw otrzymujacych CCNU w 15
i-30 dniu po urodzeniu byl mniejszy niz w grupie kontrolnej (tab. 1).

Podczas sekcji zwierzat nie stwierdzono zmian makroskopowych w narza-
dach wewnetrznych, natomiast po przecigciu mozgu w plaszczyvznie czolowei
u 4 osmiodniowych szczurow, ktorym podawano CCNU, widoczne byly
drobne punkcikowate wybroczyny, rozrzucone w obu potkulach mézgu.

Badania immunohistochemiczne

W neurocytach jadra nadwzrokowego zawarto$¢ neurofizyny w 8, 15 i 30
dniu po urodzeniu byla zblizona do obserwowanej w grupie kontrolne;.



Ryc. 1. Jadro przykomorowe podwzgorza 8-dniowych szczuréw z grupy kontrolnej (1A) i doswiad-
czalnej (1B). Zwigkszona zawartos¢ neurofizyny w neurocytach szczura poddanego dzialaniu
CCNU. Reakcja immunoenzymatyczna (PAP) z surowica antyneurofizynowa. Pow. 500 x

Fig. 1. Nucleus paraventricularis hypothalami of 8-day-old control (1A) and experimental (1B) rats.

Increased content of neurophysin in the rat treated with CCNU. Immunoenzyme (PAP) reaction
with the antineurophysin serum. x 500
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Tabela 1. Przyrost masy ciala szczurow kontrolnych i poddanych
dziataniu CCNU

Table 1. Body mass gain in control and CCNU-treated rats

wiak (iip (ERS IR 7 STk s
Age (days)
" [g]+SD [g]+SD
8 13,42+ 3,81 12.824+ 412
15 3037+ 3,57 2459+ 6,60 p <005
30 96,95+ 20,21 69,334 19,26 p < 0,01

p — test ¢t Studenta
p — Student’s t test

Natomiast w jadrze przykomorowym szczuréw poddanych dzialaniu CCNU
stwierdzono w 8 dniu po urodzeniu obecnos$¢ neurofizyny w znacznie wigkszej
liczbie komorek niz u zwierzat kontrolnych (ryc. 1). Nagromadzenie materiatu
wiazacego przeciwciala antyneurofizynowe w cytoplazmie neurocytow jadra
przykomorowego obserwowano réwniez u 15-dniowych szczurow doswiad-
czalnych, natomiast w 30 dniu zycia zawarto$¢ neurofizyny w komorkach
neurosekrecyjnych tego jadra nie roznita si¢ od normy. W czgsci nerwowej
przysadki obserwowano zmniejszenie ilosci neurofizyny w poréwnaniu z grupa
kontrolng w 8, 15 i 30 dniu po urodzeniu.

‘Barwienie hematoksyling chromowa wedlug Gomoriego

24 godziny po podaniu ostatniej dawki CCNU zawarto$¢ neurosekretu
byla taka sama jak u 8-dniowych szczurow kontrolnych, zarowno w neuronach
jadra nadwzrokowego, jak i przykomorowego. W mozgach 4 szczurow z tej
grupy stwierdzono obecnos¢ niewielkich, $wiezych ognisk krwotocznych
i krwinkotokow, rozsianych w obu potkulach moézgu. Tylko w jednym
przypadku drobne krwinkotoki obecne byly rowniez w jadrze przykomoro-
wym podwzgorza. W obszarach wynaczynien widoczne byly makrofagi, na
ogot nieliczne. Nie obserwowano reakcji glejowej w otoczeniu ognisk krwoto-
cznych. W czesci nerwowej przysadki stwierdzono tylko bardzo niewielkie
ilosci neurosekretu, znacznie mniejsze niz u 8-dniowych szczuréw kontrolnych.

U 15-dniowych szczurow w jadrze nadwzrokowym i jadrze przykomoro-
wym widoczne bylo duze zroznicowanie zawartosci neurosekretu w po-
szczegdlnych neurocytach. W porownaniu z grupa kontrolna liczniej wy-
stepowaly komorki zawierajace umiarkowana i duza ilos¢ substancji Gomorie-
go, natomiast mniej bylo neurocytow pozbawionych neurosekretu. Rowniez
w wypustkach neuronalnych obserwowano wigcej ziaren Gomori-pozytywnych
niz u szczuréw kontrolnych. W czesci nerwowej przysadki zawartos¢ neuro-
sekretu byla znacznie mniejsza niz u szczuro6w grupy kontrolnej.

W 30 dniu po urodzeniu neurocyty jader nadwzrokowych i przykomoro-
wych nie roznily si¢ od kontroli pod wzgledem zawartosci neurosekretu
w cytoplazmie perykarionéw. Obserwowano natomiast wigksza ilos¢ materiatu
neurosekrecyjnego w wypustkach drogi nadwzrokowo-przysadkowej. Zawar-
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tos¢ substancji Gomoriego w czgsci nerwowej przysadki byla wieksza od
stwierdzonej w grupie kontrolne;.

Barwienie fioletem krezylu

W 8, 151 30 dniu po urodzeniu u szczurow poddanych dziataniu CCNU
w pierwszym tygodniu zycia pozamacicznego nie stwierdzono zmian w neuro-
cytach jader nadwzrokowych i jader przykomorowych podwzgorza. Zwracaty
natomiast uwage widoczne juz makroskopowo drobne wynaczynienia krwi,
rozsiane we wszystkich strukturach, widocznych na badanych przekrojach
mozgow 4 szczurow 8-dniowych (4CD, 5CD, 8CD, 11CD). W otoczeniu tych
wynaczynien obserwowano nieliczne komorki zerne, nie stwierdzono nato-
miast reakcji gleju. Tylko pojedyncze neurocyty w miejscach krwawienia
wykazywaly zmiany ischemiczne. Wyglad wigkszosci komoérek nerwowych byt
prawidlowy (ryc. 2).

Ryc. 2. Szczur 8-dniowy z grupy doswiadczalnej. Ognisko krwotoczne na pograniczu torebki
wewnetrznej i prazkowia. Nissl. Pow. 800 x ‘

Fig. 2. Experimental rat 8-day-old. Hemorrhagic focus on the border of the internal capsule and
striatum. Nissl. x 800

Pomiary morfometryczne

W grupie szczurow, ktore otrzymywaly CCNU nie stwierdzono, w porow-
naniu z grupa kontrolna, istotnych statystycznie roznic wielkosci jader
komorek neurosekrecyjnych jadra nadwzrokowego na zadnym z badanych
etapow rozwoju. W jadrze przykomorowym s$rednie pole przekroju jader
komorek neurosekrecyjnych bylo w 8 dniu wigksze niz u szczuréw kontrolnych
(tab. 2).
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Tabela 2. Srednie pole powierzchni przekroju jader komorkowych neurocytow
jader nadwzrokowych i przykomorowych podwzgorza u szczurow kontrolnych
i poddanych dziataniu CCNU

Table 2. Mean cross-section area of the nuclei of neurosecretory neurons in
control and CCNU-treated rats

2 : Grupa kontrolna Grupa doswiadczalna
)\Nlek d(dn l; NJ qdlro Control group Experimental group
ge (days ucleus [um?]+SEM [um?] +SEM
8 SON 23,66+ 0,40 24,29+0,40
PVN 32,22+0,43 33,98 +0,41 p>99%
15 SON 29,40+ 0,46 28,71+0,44
PVN 34,98 +0,45 35,45+0,55
30 SON 41,00+0,57 41,20+ 0,66
PVN 4296+0,67 43,58 +0,61
SON — nucleus supraopticus
PVN — nucleus paraventricularis
p — poziom ufnosci
p — confidence level

Osmolalnos¢ surowicy krwi

W wyniku stosowania CCNU stwierdzono statystycznie znamienne ob-
nizenie osmolalnosci surowicy w 8 dniu po urodzeniu, a nastgpnie w 15 dniu
zycia — wzrost powyzej wartosci Sredniej w grupie kontrolnej (tab. 3).

Tabela 3. Osmolalnos¢ surowicy szczuréw kontrolnych i poddanych
dziataniu CCNU

Table 3. Plasma osmolality of control and CCNU-treated rats

; .. Grupa kontrolna Grupa doswiadczalna
XV:ek d(dm) Control grop Experimental group
ge (days)  Osm/kg] +SD [mOsm/kg] + SD
8 282,20+ 6,34 265,00+ 6,07 p < 0,01
15 303,13+ 7,90 320,00 + 6,42 p <001
30 295,45+12,34 304,44+ 8,18

p — test ¢t Studenta
p — Student’s ¢ test

OMOWIENIE

Zaburzenia w dojrzewaniu neurocytow jader nadwzrokowych i przykomo-
rowych, wywolane podawaniem CCNU w 3, 5i 7 dniu po urodzeniu, polegaty
na nadmiernym gromadzeniu neurofizyny i Gomori-pozytywnego materiatu
neurosekrecyjnego w perykarionach komorek tworzacych jadro przykomoro-
we oraz w aksonach w poczatkowym odcinku drogi podwzgoérzowo-przysad-
kowej. Zmiany te byly najbardziej widoczne u 8-dniowych szczurow i stop-
niowo cofaly si¢ u zwierzat 15- i 30-dniowych. Obserwowane w 8 dniu zycia
u szczurow doswiadczalnych powigkszenie jader komorek neurosekrecyjnych
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jadra przykomorowego stanowi zdaniem wielu autorow (Stahl i wsp. 1955;
Edstrom, Eichner 1958; 1960; Miskowiak 1980) wykladnik wzmozonej syntezy
bialek w cytoplazmie i pozwala sadzi¢, ze podwyzszona zawartos¢ neurofizyny
jest spowodowana zwigkszeniem syntezy neurohormonéw, a nie, jak w przy-
padku podawania mtodym szczurom winkrystyny, zahamowaniem transportu
aksonalnego i uwalniania neurosekretu do krwiobiegu w czgsci nerwowej
przysadki (Pietrzak 1988). Za taka interpretacja przemawia roOwniez zmniej-
szenie osmolalnosci surowicy u 8-dniowych zwierzat doswiadczalnych.

Ogniska krwotoczne, obserwowane w mozgach 4 szczuréow po uplywie
doby od podania ostatniej dawki CCNU, wymagaja odrgbnego omowienia,
poniewaz w praktyce klinicznej nie stwierdzono dotychczas krwotokow
mozgowych w efekcie leczenia pochodnymi nitrozomocznika. Natomiast
podobne zmiany obserwowano u szczurow doswiadczalnych po stosowaniu
BCNU 1 CCNU (Maziarz, Szczech 1984; Godlewski, Szczech 1985). Wykazano
rowniez uszkodzenie Srodbtonkoéw i zwigkszona przepuszczalno$¢ naczyn
krwiono$nych w mozgu pod wpltywem tych cytostatykow (Godlewski 1986;
Szczech, Godlewski 1986).

Morfologiczne wyktadniki zwigkszonej czynnosci neurosekrecyjnej oraz
podwyzszenie poziomu wazopresyny w surowicy i w plynie mézgowo-rdzenio-
wym obserwowano w przebiegu krwotokow podpajeczynowkowych i dokomo-
rowych u ludzi i zwierzat doswiadczalnych (Rap 1966; Jenkins i wsp. 1980;
Mather i wsp. 1981), a takze w wyniku niedokrwienia mozgu (Gajkowska 1987
Gajkowska, Zargba-Kowalska 1988).

W zwiazku z doniesieniami o hamujacym wplywie CCNU na biosynteze
bialek (Kleithues, Magee 1973; Laurent i wsp. 1980) nie mozna przyjac, ze
obserwowane w naszym doswiadczeniu wykladniki wzmozenia czynnosci
neurosekrecyjnej byly wynikiem bezposredniego dziatlania CCNU na neurony
jader przykomorowych i nadwzrokowych podwzgorza. Zwigkszona synteze
1 uwalnianie neurohormonow mozna zatem traktowac jako efekt nieswoisty,
wtorny do zmian naczyniowych.

Autor sktada podzigkowanie prof. dr Marii Dambskiej za zyczliwa pomoc
1 uwagi przy przygotowaniu pracy.

THE INFLUENCE OF CCNU (LOMUSTINE) ON THE NEUROSECRETION OF THE
HYPOTHALAMIC NUCLEI AND THE NEUROHYPOPHYSIS IN EARLY STAGES OF
EXTRAUTERINE DEVELOPMENT OF THE RAT

Summary

The hypothalamo-neurohypophyseal neurosecretory system was investigated in 8-, 15- and
30-day-old rats subjected to three intragastric doses of CCNU — 12.5 mg/kg b.wt. each on the 3rd,
5th and 7th day after birth. Neurosecretory neurons in the hypothalamus were visualized in the
paraffin sections by the immunoenzyme (PAP) technique using antibodies against neurophysin and
by Gomori chromehematoxylin staining. Accumulation of neurophysin was observed in these cells
after treatment with CCNU. Karyometric measurements showed an increase of the mean nuclear
cross-section area in PVN neurons in 8-day-old rats exposed to CCNU. In four experimental rats
disseminated intracerebral hemorrhagic foci were present. Plasma osmolality was far below the
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normal values on the 8th day, on the 15th day of life it shifted to hyperosmolality and returned to
normal at the age of 30 days. Discussion of the results leads to the conclusion that the increase of
the neurosecretory function observed in this experiment was secondary to vasogenic changes.
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PIOTR OLEJNICZAK?

OBRAZ HISTOLOGICZNY
OSRODKOWEGO UKLADU NERWOWEGO SZCZURA
W INTENSYWNYM PRZEWLEKLYM ZATRUCIU ETANOLEM *

! Zaklad Neuropatologii, Instytut Psychiatrii i Neurologii, Warszawa
2 Zaklad Diagnostyki Patomorfologicznej,
Centrum Medyczne Ksztalcenia Podyplomowego, Warszawa
3 Klinika Neurologiczna, Akademia Medyczna, Wroclaw

Wiadomo, ze przewlekla intoksykacja alkoholem etylowym prowadzi do
rozwoju zmian strukturalnych w osrodkowym i obwodowym ukladzie ner-
wowym (Majdecki i wsp. 1973; Riley, Walker 1978; Tarnowska-Dziduszko
1978, 1986; Harper i wsp. 1985, 1987; Rosengren i wsp. 1985; Roulet i wsp.
1985; Cadete-Leite i wsp. 1986; Lescaudron i wsp. 1986; Mills 1 wsp. 1986;
Jedrzejewska, Staff-Zielinska 1987). W badaniach nad patomechanizmem tych
zmian konieczny jest odpowiedni model eksperymentalny, pozwalajacy na
uzyskanie ,czystego” interpretacyjnie obrazu. Poroéwnywanie danych uzy-
skanych na zwierzgtach laboratoryjnych z danymi z patologii ludzkiej jest
zawsze obarczone pewnym ryzykiem. W przypadku alkoholizowania szczurow
powstaje pytanie, w jakim stopniu doswiadczalna intoksykacja jest zblizona do
naduzywania alkoholu przez ludzi. Praca niniejsza ma na celu przetestowanie
neuropatologiczne modelu przewleklei intoksykacii alkoholowej szczura Wis-
tar i uzyskanie odpowiedzi na pytanie, czy zastosowane warunki do$wiadczal-
ne doprowadza do rozwoju zmian histologicznych w o$rodkowym ukladzie
nerwowym (OUN) szczura, porownywalnych z obrazem neuropatologicznym
przewleklej intoksykacji alkoholowej u cztowieka. Wprowadzenie bowiem
bardziej precyzyjnych technik badawczych winno by¢, naszym zdaniem,
poprzedzone upewnieniem si¢, czy te ostatnie istotnie poszerza nam obraz
znany z podrecznikow klasycznej neuropatologii.

MATERIAL I METODY

Trzydziestu szczurom rasy Wistar, obu pici, o masie ciala okoto 300 g
w momencie rozpoczynania doswiadczenia, podawano sonda do zotadka
5 cm?® 40% wodnego roztworu alkoholu etylowego przez 5 dni w tygodniu

* Praca wykonana w ramach problemu CPBR 11.8., cel 34.
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przez okres 3 miesigcy. W kazdym dniu intoksykacji podawano najpierw 2 cm?
(po czym szczur zasypial) i dopajano zwierzeta w odstepach co pot godziny po
1,5 cm®. W trakcie do$wiadczenia szczury otrzymywaly standardowa diete
i wode do picia ad libitum. Dziesigciu szczurom podawano w taki sam sposob
wode pitna, 5 szczurow pozostajacych w takich samych warunkach jak
pozostale zwierzeta, nie poddano zadnym zabiegom doswiadczalnym. Dwa dni
po podaniu ostatniej dawki alkoholu zwierzgeta usypiano eterem i dekapito-
wano. Mozgi pobrane do badania utrwalano w formalinie i przeprowadzano
w sposob rutynowy do parafiny. Mozgowie skrawano seria nieciagla pobiera-
jac do badania histologicznego skrawki reprezentujace wszystkie struktury,
oceniane u ludzi rutynowym badaniem neuropatologicznym. Preparaty bar-
wiono hematoksylina i eozyna, wedlug metody van Gieson, Spielmeyera,
PTAH, oraz impregnowano wedtug Bielschowsky’ego.

Pig¢ szczurow sperfundowano roztworem formaliny w buforze fosforano-
wym. Mozgowia po wyjeciu dotrwalano w plynie perfuzyjnym i prze-
prowadzano przez 20% roztwor sacharozy, a nastgpnie po zamrozeniu
krojono skrawki grubosci 30 um, ktore przechowywano w zamrazarce w krio-
protektorancie do wykonania badania immunocytochemicznego na kwasne
wiokienkowe biatko glejowe (GFAP) wedtug Sternbergera (1979) w modyfika-
cji Armstronga. Uzyto przeciwciala pierwotnego GFAP w rozcienczeniu
1:500, przeciwciala wtornego zablokowanego biotyna (przeciwkroliczego)-
kompleks ABC firmy Vector Laboratories, surowicy blokujacej koziej, bufo-
row: fosforanowego i Tris, Trixton-X-100 oraz dwuaminobenzydyny jako
chromogenu. Jako kontroli uzyto normalnej surowicy krolika, nie uzyskujac
reakcji immunocytochemicznej. Badanie na GFAP mialo na celu wykazanie
odczynu astroglejowego, ktory zwykle towarzyszy przewleklym uszkodzeniom
OUN. Badanie na GFAP wykonano réwniez u szczura nie poddanego zadnym
zabiegom doswiadczalnym.

WYNIKI

W badanym materiale stwierdzono cechy uogodlnionego obrzgku i prze-
krwienia mozgu z obecnoscia komorek jednojadrowych i makrofagow w prze-
strzeni podpajeczynowkowej, ogniskowe zgabczenia w istocie bialej, zwlaszcza
w konarach moézdzku (ryc. 1), spoidle wielkim i spoidle przednim, ktorym
towarzyszyto sptowienie mieliny (ryc. 2). W istocie bialej, zwlaszcza mozdzku
obserwowano dos¢ skape, ale wyrazne nacieki limfocytarno-mikroglejowe, bez
wyraznego zwiazku z naczyniami (ryc. 3). Struktura, w ktorej stwierdzono
wyrazne zmiany neuronalne byl hipokamp brzuszny. W jego obrgbie obser-
wowano odcinkowe ubytki komorek nerwowych, zwlaszcza w sektorze CA
(ryc. 4) i sklerotyzacje, rowniez w pozostatych sektorach (ryc. 4 i 5), z komor-
kowym odczynem glejowym. Ponadto obserwowano w III i V warstwie kory,
gtownie czolowej i ciemieniowej, ubytki neurondéw ze wzmozona satelitoza.
Podobne zmiany stwierdzono w opuszce, gléwnie w jadrach tworu siatko-
watego (ryc. 6). W oponach przekrwienie naczyn, obecnos¢ pltynu wysigkowego
oraz nacieki komorek jednojadrowych (ryc. 7, 8 i 9) uzupelnialy obraz
neuropatologiczny.
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Ryc. 1. Obrz¢kowe zgabczenie gornego robaka mozdzku. H—E. Pow. 300 x
Fig. 1. Edematous spongiosis of upper segment of vermis. H—E. x 300

Ryc. 2. Obrzgkowe sptowienie mieliny. Miejscami widoczne dobrze zachowane ostonki mielinowe.
Spielmeyer. x 60

Fig. 2. Edematous discoloration of myelin. In some places well preserved myelin sheaths are visible.
Spielmeyer. x 60

Ryc. 3. Dwie drobne grudki odczynowe limfocytarno-mikroglejowe w istocie bialej mozdzku.
H—E. Pow. 200 x

Fig. 3. Two minute reactive nodules of lymphocytes and microglia in cerebellar white matter.

H—E. x 200
Ryc. 4. Ubytki neuronalne w sektorze CA, hipokampa brzusznego. H—E. Pow. 60 x
Fig. 4. Loss of neurons in CA, sector of the ventral hippocampus. H—E. x 60
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Ryec. 5. Sklerotyzacja neuronow brzusznego hipokampa. Widoczne réwniez jasne odczynowe jadra
astrogleju. H—E. Pow. 400 x

Fig. 5. Sclerotization of neurons of the ventral hippocampus. Light reactive astroglial nuclei are
also visible. H—E. x 400
Ryc. 6. Sklerotyzacja neurondw jadra olbrzymiokomorkowego mostu z zywa odczynowa satelito-
za. H—E. Pow. 400 x
Fig. 6. Sclerotization of gigantocellular nucleus neurons of pons with reactive satellitosis. H—E.
x 400
Ryc. 7. Przekrwienie naczyn oponowych. H—E. Pow. 60 x.
Fig. 7. Hyperemia of meningeal blood vessels. H—E. x 60
Ryc. 8. Ptyn wysigkowy oraz liczne jadra komoérkowe w przestrzeni podpajeczynowkowej. H—E.
Pow. 200 x
Fig. 8. Exudative fluid and numerous cell nuclei in subarachnoid space. H—E. x 200
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Ryc. 9. Nacieki jednojadrzaste w przestrzeni podpajeczynowkowej. H—E. Pow. 400 x
Fig. 9. Mononuclear infiltration in subarachnoid space. H—E. x 400

Ryc. 10. Glejoza astrocytarna w brzusznym hipokampie. GFAP. Pow. 60 x
Fig. 10. Astrocytic gliosis in ventral hippocampus. GFAP. x 60

Badaniem immunocytochemicznym na GFAP wykazano wyrazna glejoze
w brzusznej czesci hipokampa (ryc. 10), bez zroznicowania strefowego.

Obraz OUN szczuréw kontrolnych nie wykazywal odchylen od stanu
prawidlowego.

OMOWIENIE

Uzyskane wyniki pozwalaja stwierdzi¢, ze zastosowany przez nas model
doswiadczalnego przewleklego zatrucia etanolem szczura Wistar doprowadzil
do rozwoju uszkodzen strukturalnych w OUN. Stwierdzono je juz w mikro-
skopie $wietlnym, dzigki czemu sa porownywalne z obrazem neuropatologicz-
nym, obserwowanym w przypadkach przewleklego alkoholizmu u ludzi.
Zmiany maja podobny charakter jak w przewleklym alkoholizmie u ludzi,
z pominigciem szczegdlnych postaci encefalopatii alkoholowej (Tarnow-
ska-Dziduszko 1978, 1979, 1986). UzyskaliSmy bowiem przewlekie i ostre
zmiany obrzgkowe, z obecnoscia naciekow komorek jednojadrzastych w opo-
nach, drobnych naciekow o charakterze grudek limfocytarno-mikroglejowych
oraz splowienie mieliny w mozgu. ObserwowaliSmy rowniez sklerotyzacje
komorek nerwowych, zwlaszcza tych, ktorych zapotrzebowanie energetyczne
jest wysokie (neurony sektora CA, hipokampa oraz komorki piramidowe kory
szesciowarstwowej), z towarzyszaca wzmozona satelitoza komorek glejowych.
W zastosowanym modelu intoksykacji alkoholowej ujawnita si¢ zdecydowana
akcentacja zmian w hipokampie brzusznym z istotnym uszkodzeniem popula-
cji komoérek nerwowych tej struktury i silna glejoza odczynowa. Poza
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hipokampem zmiany w OUN mozna okresli¢ raczej jako uogoélnione i o umiar-
kowanym nasileniu. Nie stwierdzono w badanym materiale zmian $§wiadczacych
o inwolucji moézgu, czy to wybiorczej, dotyczacej poszczegolnych struktur, czy
tez uktadowej, ze szczegdlnym nasileniem w korze amonalnej, ugrupowaniach
jadra migdalowatego oraz innych strukturach uktadu limbicznego (Tarnow-
ska-Dziduszko 1978, 1979). Nalezy jednak zaznaczy¢, ze w rutynowym badaniu
histologicznym mozgu szczura niezmiernie trudno zauwazy¢ blaszki starcze,
zwyrodnienie wiokienkowe neuronéw, czy zwyrodnienie barwikowe, ktore
stanowia charakterystyczne wykladniki procesu inwolucji w mozgu ludzkim.
U gryzoni tego typu zmiany sa uchwytne jedynie w badaniach ultrastruktural-
nych lub immunocytochemicznych (Cervos-Navarro, Sarkander 1983; Borges
i wsp. 1986). .

Podsumowujac mozna stwierdzi¢, ze zastosowany przez nas model prze-
wleklej intoksykacji alkoholem etylowym u szczura prowadzi do powstania
uszkodzen strukturalnych w OUN. Sa one poréwnywalne z najczgscie)
spotykanym zespolem zmian neuropatologicznych w mozgach ludzi nad-
uzywajacych alkoholu. Potwierdza to przydatnos¢ naszego modelu do dal-
szych, ukierunkowanych badan.

HISTOLOGICAL PATTERN
OF THE CENTRAL NERVOUS SYSTEM
IN RATS AFTER INTENSIVE CHRONIC ETHANOL INTOXICATION

Summary

The influence of intensive chronic intoxication with ethanol on adult Wistar rats was
investigated. The animals received through a stomach pump 5 ml of 40% ethyl alcohol solution
daily for three months. Structural lesions of the CNS observed in the light microscope consisted of
acute and chronic edematous changes with infiltration of mononuclear cells and presence of
lymphocytic-microglial nodules and myelin discoloration. Sclerotization of nerve cells with reactive
gliosis was also noted in the CA, sector of ventral hippocampus. The pattern of changes is
comparable with the most frequently observed pathological abnormalities observed in the CNS of
humans after alcohol abuse.
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THE INFLUENCE OF TRANSPLANTABLE EPITHELIOMA GUERIN
ON MYOELECTRICAL ACTIVITY

Department of Pathophysiology of Locomotor Organs,
Institute of Orthopedic Surgery and Rehabilitation, School of Medicine, Poznan

Progressive myasthenia in patients with neoplastic disease has been known
for a long time. Denny-Brown (1948), Henson et al. (1954), Heathfield and
Williams (1954) tried to identify the pathological changes in the muscles and
nerves in these patients. In the last 30 years many reports on this problem were
published which confirm the term “neoplastic myopathy” introduced by
Henson et al. (1954). According to him, it is the result of metabolic disorders
and not of secondary atrophy after neural injury.

Hildebrand and Coérs (1967) observed changes in the peripheral nerves
accompanied by disseminated degeneration and necrosis of the muscular fibers.
Rebeiz (1973) described atrophy of the muscles, similar to that occurring after
injury to the anterior horn neurons of the spinal cord or the peripheral nerves.
The investigations carried out by Lambert et al. (1956) and Lambert and
Rooke (1965) revealed disturbances in nerve-muscle transmission in patients
with cancer of the lungs named the myasthenic syndrome.

The earlier data are partial and do not explain the point. It is not known at
which stage of neoplastic disease these changes appear and when they intensify.
Experimental research on animals with neoplastic disease was found to be
useful in this respect, therefore rats with transplanted epithelioma Guérin were
chosen as the model.

MATERIAL AND METHODS

The studies were performed on Wistar rats, which body weight ranged from
180—240 g, aged 6— 12 months. The animals were divided into 2 groups: the
control group of 25 animals and the experimental group of 40 animals with
transplanted epithelioma Guérin. The animals with epithelioma Guérin were
examined at 3 weeks — 2 months after transplantation. At this time the tumor
size increased from that of a pea to a walnut.

The following parameters were determined in all the rats:
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1) electromyographic action potentials of m. gastrocnemius sin. and dext.
during spontaneous activity,

2) motor nerve conduction velocity,

3) test of neuromuscular transmission with tetanisation of the exposed n.
ischiadicus (Drachman 1979),

4) resting membrane potential in the fibers of the gastrocnemius muscle,

5) tumor growth, the way of moving of the animals and the finger-spreading
reflex (Gutmann),

6) fresh and dry calf muscle weight.

Electromyograms were performed twice, i.e. before tumor transplantation
and during its development using concentric bipolar electrodes. At examina-
tion of motor nerve conduction the exposed ischiadicus n. was put on a nerve
stimulation electrode type 13K33 in the site of its origin in the pelvis,
concentric bipolar electrode inserted in the gastrocnemius m. was receiving
electrode. The stimulus of 2 Hz lasting for 0.1 ms was used. The longest and
the shortest latency was determined in order to find the conduction velocity in
the fastest and in the slowest fibers (Poloni, Sala 1962).

The test of neuromuscular transmission was performed in the following
stimulation program:

1) 7 times stimulation with 2 Hz for 0.2>ms,

2) stimulation with 40 Hz for 2 sec. to develop tetanus tension,

3) at 40 sec. and at 12 min after tetanus — stimulation repeated as it was in
the first part of the test.

In Drachman’s test stimulation and receiving electrodes were analogical to
the examination of conduction velocity. The anatomical sites of stimulation
and response were the same. In calculation of the amplitude decrement 5—1
response was considered. Determination of motor nerve conduction and test of
neuromuscular transmission were performed in ether anesthesia just before the
animals were sacrificed. The muscles for weight estimation were taken out
immediately after death.

Resting membrane potential in the m. gastrocnemius was determined in vivo
by the method described by Mrozek (1973) and Janiszewski (1969). In the
examination glass microelectrodes filled with 3 M KCl were used. In the set of
device for the potentials registration — DC amplifier, calibrator and oscillo-
scope were used.

The control animals were examined analogically to the experimental group.

RESULTS

In all animals, changes in motor activity were not significant. The finger
spreading reflex appeared.

Electromyographic recordings revealed that the mean duration of action
potentials during development of the tumor was significantly prolonged and
the mean amplitude increased (Tab. 1). During full effort, both in the control
and in the experimental group before tumor transplantation, the physiological
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Table 1. Characteristic of electromyograms of musculus gastrocnemius in rats with
epithelioma Guérin

Tabela 1. Charakterystyka elektromiogramow musculus gastrocnemius u szczurow
z nabloniakiem Guérina

Measurements I Examination II Examination Difference
Pomiary I Badanie I1 Badanie Roznica

Duration of action

potentials (ms)
: o r 6.1 6.6 0.5 < 0.05
Czas trwania potencjalow

czynnos$ciowych (ms)

Amplitude of action

potentials (nV)
. L 1429 2240 81.1 < 0.05
Amplituda potencjatow

czynnosciowych (uV)

Frequency of action

potentials

o Leaest B 482 405 71.0 < 0.01
Czgstotliwos¢ potencjatow
czynnosciowych

100 /»V

50ms
i

103

Guérin

nabloniaka Guérina

Fig. 1. Electromyograms of m. gastrocnemius. Below — interference pattern in the control group,
above — the reduced frequency of action potentials 5 weeks after transplantation of epithelioma

Ryc. 1. Elektromiogramy m. gastrocnemius. D6t — interferencyjny zapis w grupie kontrolnej,
gora — zmniejszenie czgstotliwosci potencjalow czynnosciowych 5 tygodni po przeszczepieniu
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Table 2. Statistically significant correlations
Tabela 2. Korelacja statystycznie istotna

The correlated parameters
Parametry korelowane

Measurements
Pomiary

Tumor size Conduction velocity in the slowest
; Ly nerve ﬁ’b’ers . ' 050 50
Wielkos$¢ guza Szybkos¢ przewodzenia we widoknach
najwolniej przewodzacych
Number of days after Conduction velocity in the slowest
transplantation of nerve fibers
epithelioma Guérin 042 398
Liczba dni po przeszczepieniu Szybkos¢ przewodzenia we wioknach
nabtoniaka Guérina najwolniej przewodzacych
Tumor size Mean duration of action potentials 047 409
Wielko$¢ guza Sredni czas trwania potencjatow
czynnosciowych
Table 3. Comparison of the experimental and control groups of animals
Tabela 3. Porownanie doswiadczalnej i kontrolnej grupy zwierzat
Compared results Epithelioma Guérin  Control group
Wyniki porownywane Nabtoniak Guérina Grupa kontrolna p
Nerve conduction velocity of the
fastest fibers (m/sec) 20.6+3.8 223+34 <0.05
Szybkos¢ przewodzenia we wioknach
najszybciej przewodzacych (m/sek)
Nerve conduction velocity of the
slowes fibers (m/sec) 81+14 9.5+ %21 < 0.05
civianicd 8 ; 3 b 51211 < 0.0
Szybkos¢ przewodzenia we wioknach Slx1s e 4
najwolniej przewodzacych (m/sek)
Membrane resting potentials (mV) 7o o ok s - i
Blonowy potencjal spoczynkowy (mV) 570186 ROL17. Pl
Wet weight of calf muscles (g)
s Hefix ; ; 20+0.2 25104 < 0.001
Swieza masa migsni goleni tydki (g)
i f calf
e o gl i 8 0.4+0.08 064025  <0.001

Sucha masa migsni goleni tydki (g)

interference of action potentials was observed. The interference pattern was
mostly lost during the development of epithelioma (Tab. 1, Fig. 1). A positive
correlation was found between the duration of action potentials and tumor size

(Tab. 2).

The results of motor nerve conduction are presented in Table 3. The above
mentioned data indicate a slowing down of conduction in the fastest and
slowest conducting fibers. Prolongation of conduction progressed simul-

taneously with development of the tumor (Tab. 2).
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Fig. 2. Evoked potentials obtained during stimulation test. From left to right: beginning of
stimulation, beginning of tetanus, tetanus terminated, 40 sec after tetanus, 12 min later. Two types
of responses: above — amplitude remains unchanged, below — amplitude is reduced
Ryc. 2. Potencjaty wywolane otrzymane podczas testu stymulacji. Z lewej do prawej: poczatek
stymulacji, poczatek stymulacji tgzcowej, koniec stymulacji t¢zcowej, 40 sek po ukonczeniu
tetanizacji, 12 min po ukonczeniu stymulacji tezcowej. 2 typy odpowiedzi: u gory — amplituda
pozostala niezmieniona, na dole — amplituda ulegla obnizeniu

Two types of response appeared in both groups of animals after repetitive
nerve stimulation of long duration (Fig. 2). In the first type of response the
amplitude of evoked potentials decreased and in the second type the post-
tetanic potentiation dominated with an increase of the amplitude.

The results of the neuromuscular transmission test varied widely in both
animal groups, but the values obtained after tetanus in the experimental group
differed from the control group (Tab. 4).

The value of the resting membrane potential in the animals with epithelioma
Guérin decreased as compared with that in the control group (Tab. 3). The dry
weight of all calf muscles was significantly reduced (Tab. 3).

The results obtained in the control group: duration and amplitude of action
potentials, motor nerve conduction velocity and resting membrane potential
are similar to those obtained by earlier authors (Koczocik-Przedpelska et al.
1973; Rouhani et al. 1983).
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Table 4. Results of control of neuromuscular transmission in
experimental and in control groups evaluated by the Mann-
-Whitney test
Tabela 4. Wyniki proby transmisji nerwowo-migsniowej w grupie
doswiadczalnej i kontrolnej oceniane testem Manna-Whitneya

Recosding couditivas Value of the M-W  Significance of

test difference
W ki : Wartos¢ testu I T
arunki zapisu M-W stotno$¢ roznicy
Initial stx}'nulatxon 206 p <005
Stymulacja poczatkowa
Beginning of tetan}fs 1.82 p> 005
Poczatek stymulacji
tezcowej
Teta.nus termmatfd 1.63 p > 005
Koniec stymulacji
tezcowej
40 sec later ' ; 225 p <005
40 sek po ukonczeniu
stymulacji tgzcowej
12 mfn later : . 273 p <001
12 min po ukonczeniu
stymulacji tgzcowej
DISCUSSION

The results of examination of the animals with epithelioma Guérin indicate
neurogenic atrophy of the muscles, which progresses in the course of tumor
development. Prolongation of duration and rise of amplitude of action
potentials, lack of interference pattern in EMG, slowing down of motor
conduction velocity and decrease of resting membrane potential were in-
dicators of these changes. The EMG results suggest the collateral reinnervation
of m. gastrocnemius as it was described by Guth (1963), Hatsuyama (1966),
Koczocik-Przedpetska et al. (1973).

According to Hawley et al. (1980), in the course of neoplastic disease the
muscles are denervated. Hildebrand and Coérs (1967) and Awad (1968) also
observed changes of the type of neuropathy and noted peripheral reinner-
vation. Elmqvist and Lambert (1968) did not observe prolonged duration of
action potentials in patients with bronchogenic cancer. Simpson (1982) found no
change of the amplitude of action potentials in the course of neoplastic disease.

The decrease of conduction velocity in the fastest and slowest motor nerve
fibers in rats with epithelioma Guérin can be connected with the disintegration
of myelin sheaths. In consequence the percentage of demyelinated fibers
increases. The ultrastructural studies performed by Vital et al. (1975) showed
damage of the myelin in chronic lymphoblastic leukemia cases. Graws et al.
(1983) observed axonal neuropathy with secondary remyelination in patients
with bronchogenic cancer. Similar observations were found by Schlaepfer
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(1974). Kelly et al. (1983) reported slowing down of nerve conduction in
osteomyelosclerosis. Fukuhara et al. (1972) carried out ultrastructural inves-
tigations in patients with bronchogenic cancer and revealed degeneration of the
nerves. They also found degeneration and regeneration processes within the
motor endplates. The studies performed by Politis et al. (1980) also confirm the
above mentioned data.

The obtained results of neuromuscular transmission test, in spite of their
great variability, indicate that in epithelioma Guérin the site of derangement
lies not only in the nerves themselves, but also in the neuromuscular junctions.
The decrease in resting membrane potential in m. gastrocnemius is the
consequence of partial denervation. This is confirmed by the studies of
Albuquerque and Thesleff (1968), Mrozek (1973), McArdle and D’Alonzo
(1981), Bik (1985). The muscular lesion is subsequently followed by the loss of
muscle weight.

CONCLUSION

Transplanted epithelioma Guérin results in rats neuromyopathy which is
manifested by destruction of the whole motor unit.

WPLYW PRZESZCZEPIALNEGO NABLONIAKA GUERINA NA AKTYWNOSC
MIOELEKTRYCZNA

Streszczenie

Przesledzono wplyw przeszczepialnego nabtoniaka Guérina na dynamikg i czas pojawiania si¢
zmian nerwowo-mig$niowych. Doswiadczenia wykonano na szczurach Wistar, ktore podzielono
na 2 grupy: kontrolna oraz dos$wiadczalna z nabloniakiem Guérina. U wszystkich zwierzat
przeprowadzono: badanie elektromiograficzne szybkosci przewodzenia we wioknach nerwowych
ruchowych, test stymulacji z tetanizacja wedlug Drachmana (1979), oznaczenia blonowego
potencjalu spoczynkowego we wioknach migsnia brzuchatego tydki, obserwacje wzrostu guza
nowotworowego, sposobu poruszania si¢ zwierzat oraz odruchu rozstawiania palcow. Oznaczono
rowniez sucha mas¢ wypreparowanych migsni goleni.

U zwierzat z nabloniakiem Guérina nie nauwazono istotnych zmian w aktywnosci ruchowej
i lokomocyjnej. W elektromiogramach stwierdzono przedtuzenie czasu trwania potencjalow
czynnos$ciowych, obnizenie amplitudy potencjatow, zubozenie zapisu wysitkowego EMG. Stwier-
dzono zwolnienie przewodzenia we wioknach nerwowych ruchowych, zarébwno najszybciej, jak
i najwolniej przewodzacych. Analiza statystyczna wynikow testu stymulacji z tetanizacja wykazata
znamienng roznicg wynikow. pomiedzy grupa kontrolna i grupa z przeszczepialnym nowotworen.
Blonowy potencjatl spoczynkowy ulegl obnizeniu. Sucha masa migs$nia brzuchatego tydki zmniej-
szyla si¢ w porownaniu do grupy kontrolnej. Zmiany nasilaly si¢ rownolegle z rozwojem
nowotworu.
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ZMIANY ZWYRODNIENIOWE W UKLADZIE NERWOWYM
W CHLONIAKACH ZLOSLIWYCH NIEZIARNICZYCH *

'Klinika Neurologii, Instytut Neurologiczno-Psychiatryczny i *Klinika Hematologii,
Instytut Chorob Wewngtrznych, Pomorska Akademia Medyczna, Szczecin

U chorych na biataczki i chloniaki stosunkowo dobrze poznane sa
powiktlania krwotoczne i naciekowe w ukladzie nerwowym, zwlaszcza o$rod-
kowym (Mossakowski i wsp. 1962; Law, Blom 1977; Jellinger, Slowik 1978).
Mniej uwagi poswigca si¢ zmianom zwyrodnieniowym w ukladzie nerwowym
u tych chorych. Opisywane sa tak zwane zespoly paranowotworowe o okres-
lonym obrazie klinicznym i ukladowych zmianach neuropatologicznych;
naleza do nich migdzy innymi: podostre zwyrodnienie mozdzku (Greenlee,
Brashear 1983; Nowacki 1 wsp. 1989), paranowotworowe zapalenie mozgu
(Kuchna 1987) i podostra mielopatia martwicza, a ze strony nerwow ob-
wodowych — podostra neuropatia czuciowa (Stefansson, Arnason 1987).
Zespoly te wystgpuja jednak stosunkowo rzadko. Pozostaje zatem problem
zmian zwyrodnieniowych w ukladzie nerwowym u pozostalych chorych
zmartych z powodu chloniakow. W tej czgsci badan przeanalizowano charak-
ter 1 czesto$¢ wystepowania zmian zwyrodnieniowych w ukladzie nerwowym
u chorych na chloniaki zlosliwe nieziarnicze (ChZN).

MATERIAL I METODY

Badania neuropatologiczne wykonano u 30 chorych obu plci, w wieku od
17 do 75 lat (X = 43,5), leczonych i zmartych w Klinice Hematologii PAM
w latach 1980 — 1988 z powodu ChZN. Typ chloniaka ustalono na podstawie
badania histopatologicznego wezta chlonnego wedlug klasyfikacji kilonskiej
oraz badan cytologicznych i immunologicznych komorek chtoniakowych
izolowanych z krwi chorych. Kliniczny okres choroby u chorych z chtoniakiem
limfocytowym okreslano wedtug Rai i wsp. (1984), innych typoéw chloniakow
zgodnie z klasyfikacja z Ann Arbor. Wszyscy chorzy w chwili zgonu znajdowali
si¢ w IV okresie choroby (lokalizacja pozawezlowa bez naciekow w ukladzie
nerwowym). W 15 przypadkach rozpoznano chloniak limfoblastyczny (w tym
1 typu T), w 5 centrocytowy, w 4 immunoblastyczny, w 3 centroblastyczny

* Praca wykonana w ramach Programu Rzadowego PR-6 nr 11.5.
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i w 3 immunocytowy. Preparaty z miejsc typowych (plat czotowy, potyliczny,
skroniowy, jadra podstawy, most, opuszka, mézdzek z jadrem zgbatym, rdzen
kregowy, korzenie rdzeniowe i fragment nerwu barwiono fioletem krezylu
(FK), hematoksylina i eozyna (HE) oraz wedtug metod: Heidenhaina, Holzera,
van Giesen, a ze skrawkow mrozonych wedlug metody Bielschowsky’ego.

WYNIKI
1. Zmiany neuronalne

Dotyczyly one zaroéwno struktury, jak i ilo$ci komorek nerwowych.
Najwigksze zmiany obserwowano w korze mozgu, jadrach zgbatych mozdzku,
niekiedy w formacjach szarych mostu, najrzadziej w jadrach podstawy. Zmiany
w neuronach polegaly przede wszystkim na obrzmieniu komorki, nierow-
nomiernym rozlozeniu i rozpadzie tigroidu. Stwierdzono je w 15 przypadkach
(50%), przy czym w 7 z nich (23%) byly one wyrazne i wspolistniaty
z wakuolizacja komorek. Dotyczyly przede wszystkim III i V warstwy kory
mozgu i jader wlasnych mostu. Rzadziej obserwowano schorzenie przewlekle
neuronéw z ich obkurczeniem. Zmiany te wystepowaly czesciej w jadrach
zgbatych niz w korze mozgu, zwykle w glebszych jej warstwach.

"

Ryc. 1. Rozlane przerzedzenie warstwy ziarnistej kory mozdzku. Fiolet krezylu. Pow. 63 x
Fig. 1. Diffuse rarefaction of cerebellar granular layer. Cresyl violet. x 63
Ryc. 2. Kora mo6zdzku. Wyrazne przerzedzenie warstwy ziarnistej ze zgabczeniem podloza. H—E.
Pow. 240 x

Fig. 2. Cerebellar cortex. Distinct rarefaction of granular layer with spongy changes of tissue
structure. H—E. x 240
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W 17 przypadkach (56%) w korze mozgu, zwlaszcza platéow czotowych,
spotykano tak zwane ,puste pola” — miejsca pozbawione neurondéw, bez
zmian strukturalnych podloza. W 7 przypadkach (23%) zjawisko to bylo
wyrazne. Takze w 7 przypadkach (23%) stwierdzono niewielkie przerzedzenie
kory platow czotowych i potylicznych, w 4 innych (13%) przerzedzenie byto
wyrazne, a W 2 (6%) rozlane, graniczace z zanikiem warstw. Przerzedzenie
obserwowano rowniez w jadrach zebatych — w 12 przypadkach (40%)
niewielkie, w 6 (20%) wyrazne. Czgsto z przerzedzeniem wspolistniat odcin-
kowy zanik neuronéw tych jader: 10 przypadkow (33%), w tym w 5 (17%)
wyrazny. W 8 przypadkach (26%) obserwowano zmiany w warstwie ziarnistej
kory mozdzku: w 6 z nich (20%) pod postacia niewielkiego przerzedzenia,
w 2 przypadkach (6%) przerzedzenia wyraznego, rozlanego, ze zgabczeniem
podtoza (ryc. 1, 2). We wszystkich przypadkach wystepowalo umiarkowane lub
niewielkie odcinkowe przerzedzenie warstwy komorek Purkinjego. Pozostale
neurony tej warstwy czesto byly nieco obkurczone, ciemne. Podscielisko
warstwy zwojowej nie wykazywalo zmian.

2. Odczyn glejowy

Wystepowal w 16 przypadkach (53%): w 10 z nich (33%) byt niewielki badz
umiarkowany, zwykle w istocie bialej podkorowej, jadrach oliwy i jadrach
zgbatych. W 7 przypadkach (23%) glejoza byla wyrazna, na ogoét rozlana,
zwykle komorkowa, jednak bez postaci reaktywnych astrogleju. W 10 przypad-
kach (33%) stwierdzono podobne nasilenie odczynu astrocytarnego i mikro-
glejowego. W pozostatych 6 przypadkach (20%) przewazal odczyn mikro-
glejowy. Dotyczylo to gtownie sasiedztwa jader oliwy i jader zgbatych. Odczyn
gleju Bergmanna*stwierdzono w 10 przypadkach (33%), przy czym w 1 byt on
wyrazny i mial charakter rozlany. Nie stwierdzono zaleznosci migdzy nasile-
niem odczynu gleju Bergmanna i stopniem uszkodzenia warstwy ziarnistej lub
ZWOJOWej.

3. Uszkodzenie mieliny i zmiany aksonalne

Mielina osrodkowego ukladu nerwowego (OUN) wykazywala niewielkie
zmiany i to tylko w pojedynczych przypadkach. W 4 z nich (13%) stwierdzono
nieznaczne obrzmienie ostonek mielinowych, w 1 drobne pola splowienia
w potkulach mozgu. Wiokna podkorowe nie byly uszkodzone. W OUN nie
stwierdzono istotnych zmian w aksonach, takze w obszarach wiokien o obrzek-
ni¢tej lub splowialej mielinie. Znacznie wigksze zmiany dotyczyly mieliny
obwodowego ukladu nerwowego. W 16 przypadkach (57%) zarowno w korze-
niach, jak i nerwach obserwowano rozlane obrzmienie ostonek mielinowych,
przy czym w 10 (33%) bylo ono wyrazne, a w 6 (20%) mialo charakter
odcinkowy. Demielinizacj¢ stwierdzono w 12 przypadkach (40%), z czego
w 6 (20%) catkowita, w 4 (13%) prawie catkowita — obrzmiale, rozpadajace si¢
ostonki otaczaly tylko pojedyncze fragmenty wiokien (ryc. 3, 4). W pozostatych
2 przypadkach (6%) demielinizacja miata charakter odcinkowy.

Zmiany aksonalne dotyczyly zwykle wiokien grubych. W korzeniach
rdzeniowych obserwowano ich zblednigcie i miejscowe, niewielkie obrzmienie
(12 przypadkow — 40%) (ryc. 5). Tylko w 8 przypadkach (26%) spotykano
wyrazniejsze rozdecia i fragmentacje witokien. W nerwach obwodowych zmiany
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Ryc. 3. Korzen rdzeniowy. Wyraznie uszkodzone ostonki mielinowe na pograniczu catkowitej
demielinizacji. Heidenhain. Pow. 240 x

Fig. 3. Spinal root. Demyelination with fragments of markedly impaired myelin sheaths.
Heidenhain. x 240

Ryc. 4. Nerw obwodowy. Prawie catkowita demielinizacja wtokien, widoczne fragmenty obrzmia-
tych 1 zwakuolizowanych ostonek. Heidenhain. Pow. 240 x

Fig. 4. Peripheral nerve. Area of complete demyelination. Fragments of swollen and vacuolated
myelin sheaths are also visible. Heidenhain. x 240

aksonalne stwierdzono w 20 przypadkach (66%). Zmiany byly tu zwykle
bardzo wyrazne. W 15 przypadkach (50%) polegaly na licznych rozdegciach
wilokien, ich fragmentacji prowadzacej do catkowitego zaniku i rozleglych
ubytkow (ryc. 6).

Z reguly w korzeniach rdzeniowych przewazaly zmiany o charakterze
demielinizacji, natomiast w utkaniu nerwéw obwodowych nasilenia nieprawid-
towosci mieliny i1 aksonow byly podobne, badz przewazaly uszkodzenia
aksonalne.

4. Inne zmiany

Polegaly na niewielkim lub umiarkowanym §rodmiazszowym obrzeku
istoty bialej, ograniczonym badz rozlanym, zwlaszcza w moézdzku i ob-
wodowych czgsciach rdzenia kregowego (sznury boczne i tylne). Cechy obrzgku
wystepowaly rowniez w lokalizacji okotonaczyniowej, glownie okotozylne;.
U 1 chorego, ktory zmart w wieku 56 lat, stwierdzono wyrazne zeszkliwienie
i pogrubienie naczyn, zwlaszcza tetniczych S$redniej wielkosci. Rowniez
w 1 przypadku (63 lata) obserwowano umiarkowane zwloknienie naczyn istoty
bialej i pogrubienie naczyn korowych.
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Ryc. 5. Korzen rdzeniowy. Odcinkowy obrzgk i zblednigcie aksonow. Holmes. Pow. 240 x

Fig. 5. Spinal root. Segmental swelling of nerve fibers. No conspicuous axonal changes. Holmes.
x 240

Ryc. 6. Nerw obwodowy. Zanik aksonow, widoczne fragmenty pojedynczych, wyraznie uszkodzo-
nych wiokien. Holmes. Pow. 240 x

Fig. 6. Peripheral nerve. Loss of axons. Fragments of single damaged fibers are only visible.
Holmes. x 240

W wigkszosci przypadkow zmiany dotyczyly takze wysciotki. Polegaly one
na jej scienczeniu az do zaniku wilacznie oraz przerzedzeniu i obrzmieniu
komorek. Zanik wysciotki i pola obnazenia obserwowano czesciej w komorach
bocznych i komorze 11, obrzmienie komorek i ich przerzedzeme w wodociggu
mozgu oraz komorze IV.

OMOWIENIE

Badania nasze wykazaly, z2¢ w ChZN zmiany zwyrodnieniowe czgsciej
1 wyrazniej wystegpowaly w obwodowym uktadzie nerwowym. Zwraca uwage
fakt, ze w korzeniach rdzeniowych, zwlaszcza ogona konskiego, wyraznie
przewazaly zmiany, ktore oceniliSmy jako pierwotnie demielinizacyjne. W ner-
wach obwodowych uszkodzenie mieliny i aksonow bylo podobne, zwykle
wyrazne, a w wielu miejscach zmiany aksonalne, na przyktad o charakterze
rozlegltych ubytkow przewazaly nad uszkodzeniami ostonek mielinowych.
Sklonilo to nas do wysunigcia przypuszczenia, z2 w nerwach obwodowych
dominowalo zwyrodnienie aksonalne. Nie stwierdziliSmy obecnosci tak zwa-
nych ,,onion bulbs”, uznawanych za wynik powtarzajacej si¢ de- i remielinizacji
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(Dyck 1975; Schoene 1977; Rafatowska 1984). Trudno jest jednoznacznie
odpowiedzie¢ na pytanie, jakie jest pochodzenie opisywanych zmian w ob-
wodowym uktadzie nerwowym u chorych na ChZN. Sposrod réznych przy-
czyn, takich jak toksyczne, genetyczne, metaboliczne, niedoborowe czy im-
munologiczne (Garson i wsp. 1982; Minna, Bunn 1982; Ang i wsp. 1986)
bardzo wazna role wydaja si¢ odgrywac pierwsze z wymienionych, zwlaszcza
zwiazane z chemioterapia. Jedna z przyczyn réznic w obrazie neuropatologicz-
nym moze by¢ sposoéb podawania cytostatykow i ich rodzaj. Wskazuja na to
nasze wstgpne obserwacje, z ktorych wynika, ze pierwotna demielinizacja
w korzeniach rdzeniowych jest, by¢ moze, skutkiem bezposredniego, dokanato-
wego podawania metotrexatu, natomiast zwyrodnienie aksonalne w nerwach
obwodowych miedzy innymi chemioterapii dozylnej, zwlaszcza winkrystyny.
Nalezy rowniez uwzgledni¢ ewentualny wplyw naciekéw chloniakowych na
powstawanie zmian w obwodowym ukfadzie nerwowym.

Zmiany zwyrodnieniowe w OUN dotyczyly gltownie formacji szarych.
W korze potkul mozgu mialy one przede wszystkim charakter zmian niedo-
krwiennych, na ogol proporcjonalnych do wieku chorych. Mozna przypusz-
czac, iz wigzaly si¢ one z ostrymi zaburzeniami krazenia mozgowego, ktore
rozwingly si¢ przed zgonem. Bardziej ,ukladowy” charakter mialy zmiany
zwyrodnieniowe w mozdzku. Nalezy podkresli¢, ze uszkodzenie jader zgbatych,
glownie o typie ubytkéw neuronalnych, bylo zjawiskiem znacznie czgstszym
niz zmiany w korze mozdzku. W jej obrgbie przewazalo uszkodzenie warstwy
znarmstej, ktore w 2 przypadkach przybralo postac rozlanego przerzedzema
przypommajqccgo cerebellopati¢ typu II, opisywana migdzy i mnym1 w chlonia-
kach (Trotter i wsp. 1967; Tsapatsoris 1979). Pochodzenie zmian zwyrod-
nieniowych w OUN nie zostalo dotychczas wyjasnione. Wydaje sig, ze
wigkszo$¢ z nich, zwlaszcza w formacjach szarych potkul i pnia mozgu
powstaje w wyniku niedotlenienia i niedokrwienia tkanki nerwowej w okresach
zaostrzenia choroby podstawowej. Uzyskane wyniki wskazuja, ze zmiany
zwyrodnieniowe tkanki nerwowej nie maja charakteru swoistego dla ChZN.
Mozna je takze spotka¢ u chorych na inne nowotwory, umiejscowione poza
uktadem nerwowym (Nowacki 1987; Honczarenko 1989). Nalezy podkresli¢
znacznie czgstsze wystgpowanie zmian neuropatologicznych — w naszym
materiale do 60%, zwlaszcza w obwodowym ukladzie nerwowym, w porow-
naniu z obrazem klinicznym, w ktorym objawy uszkodzenia uktadu ner-
wowego opisywane sa w kilkunastu procentach.

WNIOSKI

1. W ponad polowie przypadkow chloniakow ztosliwych nieziarniczych
zmiany zwyrodnieniowe przewazaja w obwodowym uktadzie nerwowym, gdzie
wystepuja w postaci pierwotnej demielinizacji w korzeniach rdzeniowych
i zwyrodnienia aksonalnego w nerwach obwodowych.

2. Wigkszo$¢ zmian zwyrodnieniowych w osrodkowym ukladzie nerwo-
wym, zwlaszcza w poétkulach i pniu mozgu, powstaje najprawdopodobniej
w wyniku ich niedotlenienia i niedokrwienia w okresach zaostrzen choroby,
zwlaszcza pod koniec zycia chorego.
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DEGENERATIVE CHANGES WITHIN THE NERVOUS SYSTEM
IN NON-HODGKIN'S LYMPHOMAS

Summary

The purpose of the paper was an attempt to become better acquainted with the character and

incidence rate of degenerative changes within the nervous system in non-Hodgkin’s lymphomas.
Neuropathological studies were carried out in 30 patients, aged 17—75 years, deceased due to:
lymphoblastic lymphoma (15 cases), centrocytic (5 cases), immunoblastic (4 cases), centroblastic (3
cases) and immunocytic lymphoma (3 cases). The investigations revealed that degenerative changes
prevail in the peripheral nervous system: within the spinal roots in the form of primary
demyelination and within peripheral nerves of axonal degeneration.
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Wagrzyce u ludzi wywotuja wylacznie larwalne formy tasiemca uzbrojone-
go Taenia solium. Schorzenie stanowi typowy btad w biologicznej determinacji
transmisji pasozyta. Wagry Taenia solium moga umiejscawiac si¢ w réoznych
narzadach i tkankach: w mig$niach mozgu, sercu, kosciach, galce ocznej,
skorze (Pawlowski 1982).

Wagrzyca mozgu klinicznie moze manifestowaé si¢ szeregiem roéznorod-
nych objawow i zespotow: napadami drgawkowymi, objawami ogniskowymi,
wodogtowiem, zanikiem moézgu, zapaleniem moézgu i opon moézgowo-rdzenio-
wych, zaburzeniami zachowania, a nawet objawami psychotycznymi. Czesto
towarzysza im objawy wzmozonego ci$nienia srodczaszkowego (Trelles, Trelles
1978; McCormick i wsp. 1982; Torrealba i wsp. 1984).

Wagrzyca jest najbardziej rozpowszechniona choroba pasozytnicza uktadu
nerwowego, wystepuje na wszystkich kontynentach i we wszystkich strefach
klimatycznych. Stanowi szczegolnie dotkliwy problem diagnostyczny, terapeu-
tyczny, a nawet spoleczny w krajach trzeciego $wiata (Ameryka Pld. i Srodk.,
Azja Pld.-Wsch., Afryka) (Trelles, Trelles 1978), gdzie spowodowana jest
glownie drastycznymi zaniedbaniami podstawowych zasad higieny, uwarun-
kowanymi nie tylko ubostwem i zacofaniem, ale rowniez czynnikami kulturo-
wymi. W Meksyku np. wagrzyca mozgu stanowi 9% wszystkich przyje¢ do
oddziatow neurologicznych, 30% wszystkich kraniotomii, 3,6% wszystkich
badan autopsyjnych (Biagi 1972). W ‘Polsce wagrzyca ukladu nerwowego
nalezy obecnie do rzadkosci, chociaz jeszcze 30 —40 lat temu byla schorzeniem
zdecydowanie czestszym (Stgpien, Chorobski 1949; Stepien 1962).

Ponizej przedstawiamy przypadek przewleklego zapalenia mozgu i opon
mozgowo-rdzeniowych w przebiegu wagrzycy mozgu, z eozynofilia w plynie
mozgowo-rdzeniowym.

OPIS PRZYPADKU
Chora lat 60, przyjeta do kliniki z powodu wystepujacych od okoto

3 miesigcy bolow i zawrotow glowy, zaburzen rownowagi, ostabienia, apatii,
dezorientacji, zaburzen pamigci. Powyzsze objawy stopniowo nasilaly sig.
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Nigdy powaznie nie chorowala, przez wiele lat pracowata w zakladach
migsnych, mieszkata w jednorodzinnym domu na peryferiach miasta hodujac
w przydomowym gospodarstwie kilka swin, kury.

Badaniem neurologicznym z odchylen stwierdzono wygoérowanie odruchow
fizjologicznych w lewych konczynach bez patologicznych objawow piramido-
wych, mato precyzyjne proby mozdzkowe, zwlaszcza w lewych konczynach,
niewielkie ostabienie konczyn dolnych. Dno oka obustronnie bez zmian.
W stanie psychicznym zwracala uwage wesotkowatos¢, okresowa euforia.

W plynie mozgowo-rdzeniowym liczba krwinek biatych podwyzszona do
98/mm? i nieco podwyzszony poziom bialka (0,52 g/l), lewostronna, paralitycz-
na krzywa zlotowa. W osadzie plynu mozgowo-rdzeniowego 43% limfocytow,
31% monocytow, 16% eozynofili, 10% komorek plazmatycznych (ryc. 1). We
krwi obwodowej zwigkszony do 9% odsetek krwinek kwasochtonnych. Bada-
nie TK glowy wykazalo wodoglowiowe poszerzenie ukladu komorowego,
zwlaszcza komor bocznych, w prawym wzgorzu wzrokowym niewielkie,
nerkowate ognisko hlpodensyjne oraz obecno$¢ kilku zwapnien w prawym
placie skromowym i ciemieniowym (ryc. 2). Badania serologiczne. krwi ob-
wodowej i ptynu mézgowo-rdzeniowego w kierunku kity, listeriozy, brucelozy,
toksokarozy, wlosnicy i wagrzycy ujemne. Dodatni (miano 1:128) odczyn
hemaglutynacji z antygenem bablowcowym przy jednoczesnych ujemnych
odczynach w kierunku bablowicy w testach immunofluorescencyjnych i im-
munoprecypitacyjnych. Dodatnie odczyny serologiczne we krwi w kierunku

Ryc. 1. Osad plynu mozgowo-rdzeniowego. Widoczne komoérki limfocytarne, monocyty, komorki
eozynofilne. Pappenheim. Pow. 800 x

Fig. 1. The morphology of CSF sedimentation. Lymphocytes, monocytes and ecosinophilic
leucocytes are visible. Pappenheim x 800
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Ryc. 2. Tomografia komputerowa glowy. Trzeci miesiac choroby. Widoczne poszerzenie ukladu
komorowego, w prawym placie skroniowym i ciemieniowym grudkowate zwapnienia
Fig. 2. CT brain picture in 3rd month of the illness. Widening of the ventricular system and
nodular calcifications in right temporal and parietal lobes are visible

IR AN POZNAN
SYMERVIEV

Ryc. 3. Tomografia komputerowa glowy. Dwunasty miesiac choroby. Wigksze niz poprzednio
poszerzenie uktadu komorowego
Fig. 3. CT brain picture in 12th month of the illness. Larger widening of the ventricular system as
compared with Fig. 2
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toksoplazmozy: odczyn immunofluorescencji posredniej (miano 1:256), odczyn
aglutynacji (1:20), odczyn Sabina-Feldmana (1:50), ujemne w plynie moz-
gowo-rdzeniowym. Przez okres okoto 15 miesigcy chora czula si¢ dos¢ dobrze,
poza umiarkowanymi bolami glowy, niewielkimi zawrotami glowy i ogélnym
spowolnieniem, bez dolegliwosci. Kilkakrotne kontrolne badania ptynu moz-
gowo-rdzeniowego wykazywaly nadal podwyzszenie cytozy z eozynofilia do
17%, miernie podwyzszonym poziomem biatka i lewostronna krzywa zlotowa.
Kontrolne badania TK glowy wykazywaly stopniowo narastajace wodoglowie
o cechach okluzyjnego (ryc. 3). W badaniach serologicznych nadal obecne byly
dodatnie odczyny w kierunku toksoplazmozy we krwi i ujemne w kierunku
pozostalych pasozytow. Chora leczona Daraprimem i Rovamycyna, bez
wigkszego efektu.

Po 15 miesiacach od chwili pierwszej hospitalizacji stan chorej zaczal si¢
systematycznie pogarsza¢. Nasilila si¢ dezorientacja, spowolnienie, stopniowo
pojawily si¢ zaburzenia $wiadomosci, wystapily czterokonczynowe objawy
piramidowe i mézdzkowe. Chora byla stopniowo coraz bardziej wyniszczona.
Po dwudziestu miesiacach od poczatku choroby nastapitl zgon wsréd nara-
stajacych objawow niewydolnosci oddechowo-krazeniowe;j.

Sekcji ogolnej, na prosbe rodziny, nie wykonano. Na sekcji mozgowia
stwierdzono zmleczenie i pogrubienie opon migkkich, zwlaszcza na sklepistosci
w poblizu szczeliny wielkiej. Na podstawie mozgu, w okolicy zbiornika

Ryc. 4. Liczne, zlewajace si¢ torbiele w zbiornikach podstawy mozgu
Fig. 4. Numerous confluent cystes in brain base cisternae
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migdzykonarowego i wokot brzusznej powierzchni mostu widoczne byly liczne,
szaro-zottawe zlewajace si¢ ze soba torbiele, wypelnione galaretowata masa
(ryc. 4). Na przekrojach poprzecznych przez potkule mozgu kora waska, istota
biala poszerzona, znaczne poszerzenie komor bocznych, bardziej lewej. W istocie
bialej, zwojach podstawy, wzgorzu, okolicy okolokomorowej liczne drobne,
punkcikowate wybroczyny. W glebi bruzdy Sylwiusza po stronie prawej (ryc.
5), w torebce zewngtrznej prawej, u podstawy gatki bladej lewej niewielkie,
okragle, twardsze od otaczajacej tkanki, bialawe twory o Srednicy 3—4 mm.
W obrebie pnia mozgu i rdzenia krggowego makroskopowo zmian patologicz-
nych nie stwierdzono.

Ryc. 5. Lity, bialawy, na przekroju okragly twér w oponach migkkich plata skroniowego
Fig. 5. Compact whitish and round pathological structure located in leptomeninges of temporal
lobe

Badanie mikroskopowe: opony migkkie pogrubiate glownie przez rozplem
elementow wioknistych. W wielu miejscach na podstawie mozgu i na sklepistos-
ciach potkul widoczne w oponach migkkich nacieki zapalne ztozone z lim-
focytow, leukocytow wielojadrzastych, w tym rowniez kwasochtonnych, plaz-
macytow i monocytow (ryc. 6). Niekiedy nacieki te wnikaja wzdtuz przestrzeni
okotonaczyniowych do tkanki nerwowej. W oponach migkkich na podstawie
mostu widoczne liczne, roznej wielkosci torbielowate twory, mniejsze wypel-
nione bezpostaciowa lub igietkowato-wloknista, eozynofilna substancja, wigk-
sze — puste w srodku (ryc. 7), o do$¢ szerokiej Scianie, pokryte od zewnatrz
rze¢dem niewielkich, okragtawych lub wydtuzonych komorek (ryc. 8). W jednym
z rowkow migdzyzawojowych w okolicy szczeliny Sylwiusza lity, okragly twor
o $rednicy 3—4 mm wypelniony wioknista, eozynochtonna, luzno utozona na
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Ryc. 6. Opony migkkie brzusznej czesci mostu. Luzny naciek zapalny w oponach migkkich ztozony
z komorek limfocytarnych i monocytéw z domieszka komorek plazmatycznych i kwasochtonnych
H—E. Pow. 480 x

Fig. 6. Leptomeninges of pons base. Loose inflammatory infiltration of lymphocytes, monocytes,
plasma cells and eosinophilic leucocytes. H—E. x480

Ryc. 7. Czgs¢ podstawna mostu. Luzno lezacy w oponach migkkich torbielowaty twor — martwy
pasozyt w okresie lizy wewnetrznej. H—E. Pow. 120 x

Fig. 7. The pons base. Cystic structure loosely lying in leptomeninges — a parasite in the period of
internal lysis. H—E. x 120
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Ryc. 8. Wigksze powickszenie struktury z ryc. 7. Widoczna sciana zbudowana z luznej,
ubogokomorkowej tkanki wyscielona od srodka jamy niewielkimi, okraglawymi lub wydtuzonymi
komoérkami. H—E. Pow. 420 x
Fig. 8. Larger magnification of structure from Fig. 7. The cyst wall composed of loose tissue poor in
cells, the lumen of the cyst lined with small, round or oval cells. H—E. 420 x

Fig. 9. Lita struktura w oponach migkkich szczeliny Sylwiusza zbudowana z bezkomorkowe;j
wloknistej substancji, otoczona oskorkiem i naciekiem zapalnym w oponach migkkich. H—E.
Pow. 180 x
Fig. 9. Compact structure in leptomeninges of Sylvian fissurae, composed of acellular fibrillar
substance, surrounded by cuticula and inflammatory infiltration in leptomeninges. H—E. 180 x
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obwodzie substancja, otoczony warstwa oskorka (ryc. 9). Wokot niego widocz-
na torebka zbudowana z wloknistej tkanki tacznej z licznymi, przepetnionymi
krwinkami naczymaml krw1onosnym1 niekiedy z okotonaczyniowymi krwoto-
kami. W torebce i w jej otoczeniu nacieki zapalne o podobnym skladzie jak
w oponach migkkich. Ponadto obserwowano pojedyncze komorki olbrzymie,
wielojadrzaste (ryc. 10).

Ryc. 10. W oponach migkkich ptata skroniowego olbrzymia, wielojadrzasta komorka w nacieku
zapalnym w otoczeniu pasozyta. H—E. Pow. 540 x

Fig. 10. Multinuclear giant cell in inflammatory infiltration of temporal lobe leptomeninges in
neighbourhood of parasite. H—E. x 540

Sr6dmoézgowo widoczne przepetnienie krwinkami naczyn krwionos$nych,
niekiedy drobne nacieki zapalne wokot niektorych naczyn krwionosnych,
zmiany neuronalne o typie schorzenia ischemicznego i przewleklego w licznych
komorkach nerwowych kory mozgu, struktur podkorowych i pnia mézgu oraz
rozsiane ubytki komorek nerwowych w korze moézgu 1 w korze mozdzku.
Nigdzie nie stwierdzono zmian mikroskopowych typowych dla toksoplazmozy
osrodkowego uktadu nerwowego.

Rozpoznanie histopatologiczne: cysticercosis cerebri. Obserwowane tor-
bielowate lub lite twory odpowiadaja martwemu pasozytowi w okresie lizy
wewnetrznej. Dodatkowym potwierdzeniem jest wynik badania immunohisto-
fluorescencyjnego wykonanego na materiale autopsyjnym w Zakladzie Parazy-
tologii Lekarskiej Panstwowego Zaktadu Higieny w Warszawie (nr 4748), gdzie
wykazano swoista fluorescencje z surowica przeciwwagrowa w odczynie
immunofluorescencji posrednie;j.

OMOWIENIE

Eozynofilia w plynie moézgowo-rdzeniowym moze towarzyszy¢ licznym
zakazeniom OUN, zwykle spowodowanym obecnoscia pasozytow (tab. 1).
Wigkszos¢ z tych stanow chorobowych wystepuje, ze wzgledu na naturalne

4
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Tabela 1. Przyczyny eozynofilii w plynie mozgowo-rdzeniowym wg Arseni i Chimion (1978),
zmodyfikowana

1. Zakazenia wywolane przez plazince:
przywry watrobowe (Distomum hepaticum)
schistosomatoza (Schistosoma sp.)
paragonimoza (Paragonimus westermani)

2. Zakazenia wywolane przez oblence:
angiostrongyloidoza (Angiostrongylus cantonensis)
gnathostomoza (Gnathostoma spiningeum)
wlosnica (Trichinella spiralis)
owsica (Ascaris lumbricoides)
toksokaroza (Toxocara cani et catis)
cysticerkoza (Taenia solium)
bablowica (Echinococcus sp.)
filariozy (glownie Dirofilaria immitis)

3. Toksoplazmoza
4. Odczyny alergiczne na:

farby i rozpuszczalniki nitrowe

biatko rybie

surowice konska

szczepionke przeciwko wsciekliznie

tworzywa sztuczne (np. wszczepiona zastawke)

5. Inne schorzenia OUN
guzy mozgu (medulloblastoma, glioblastoma multiforme)
kita uktadu nerwowego
pneumokokowe zapalenie opon mozgowo-rdzeniowych

6. Ziarniniak eozynofilny oczodotu i biataczki eozynofilne

miejsce bytowania pasozyta, wylacznie w strefie sub- i tropikalnej, naleza tu
zwlaszcza te infekcje pasozytnicze, w ktorych wzrost zawartosci komorek
kwasochtonnych w plynie mézgowo-rdzeniowym jest jednym z najbardziej
typowych i stalych objawow chorobowych (Angiostrongylus cantonesis,
Gnathostoma spiningeum) (Arseni, Chimion 1978). W $rednich szerokosciach
geograficznych (Europa, Ameryka Pin.) eozynofili¢ w pltynie mozgowo-rdzenio-
wym spotyka si¢ niekiedy w przebiegu wlosnicy, toksoplazmozy, bablowicy,
wagrzycy, toksokarozy, owsicy. W klimacie umiarkowanym sporadycznie
spotyka si¢ rowniez przypadki, zwykle o tagodnym przebiegu, zapalenia opon
mozgowo-rdzeniowych i mozgu z obecnoscia komorek kwasochtonnych w ply-
nie moézgowo-rdzeniowym, przy czym na ogol nie udaje si¢ ustali¢ czynnika
etiologicznego. Z opisow kazuistycznych znane sa przypadki eozynofilii
w plynie mozgowo-rdzeniowym, towarzyszacej miejscowym lub ogolnoust-
rojowym reakcjom alergicznym (Kuwert i wsp. 1968; Jeanes 1965), guzom
moézgu (Contamin i wsp. 1972). Wzrost odsetka komorek kwasochtonnych
w plynie mozgowo-rdzeniowym w przebiegu wagrzycy mozgu uwazany byl
zwlaszcza przez starszych autorow, za jeden z charakterystycznych objawow
(Trelles,Trelles 1978).

Jak wspomniano we wstepie, wagrzyca mozgu moze klinicznie manifestowac
si¢ roznorodnymi objawami i zespolami. Nierzadkie sa nietypowe postacie
schorzenia, przebiegajace m.in. pod postacia postgpujacych zespotow otepien-
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nych (Sandyk i wsp. 1987). Przelomowym momentem w diagnostyce wagrzycy
mozgu stato si¢ zastosowanie tomografii komputerowej gtowy (TK) (Byrd
i wsp. 1982; Minguetti, Ferreira 1983). Masowe badania TK glowy spowodo-
waly znaczny wzrost czgstosci wykrywania wagrzycy mozgu (Richards i wsp.
1985). Nie jest to niestety badanie pozwalajace we wszystkich przypadkach
wagrzycy mozgu postawi¢ prawidlowe rozpoznanie. Zwlaszcza wagrow zloka-
lizowanych w ukladzie komorowym i w zbiornikach podstawy mozgu czgsto
nie udaje si¢ wykry¢ w badaniu TK glowy. Pomocne wowczas sa techniki
diagnostyczne oparte na badaniu TK glowy w polaczeniu z pneumoencefalo-
grafia lub wentrykulografia (Madrazo i wsp. 1981; 1983).

Drugim elementem wspolczesnej diagnostyki wagrzycy mozgu sa badania
serologiczne plynu mozgowo-rdzeniowego (Rydzewski i wsp. 1975; Moham-
mad i wsp. 1984; Corona i wsp. 1986). Niestety badania te maja ograniczona
warto$¢ kliniczna ze wzgledu na czulos¢ nie przekraczajaca 90% (Corona
i wsp. 1986) i mozliwos¢ wystgpowania reakcji krzyzowych z innymi od-
czynami (Rydzewski i wsp. 1975), co mialo miejsce w opisywanym przez nas
przypadku.

Dotychczas otwarta pozostaje sprawa leczenia wagrzycy mozgu. Do
poczatku lat osiemdziesiatych jedyna mozliwoscia terapii przyczynowej bylo
leczenie operacyjne, o ile ilos¢ i lokalizacja wagréw na to pozwalata. Czesto
pozostawalo leczenie paliatywne — leki obnizajace ciSnienie srodczaszkowe,
operacyjne wszczepienie zastawki. Od kilku lat obiecujacym wydaje si¢
zastosowanie Praziquantelu, leku przenikajacego przez barier¢ krew-mozg,
niszczacego wagry we wszystkich fazach rozwoju (Santiago i wsp. 1983; Sotelo
i wsp. 1985). Do rozwiazania pozostal szereg problemow terapeutycznych
wyniklych podczas stosowania tego preparatu. Dziala on neurotoksycznie,
moze powodowaé powstanie reakcji neuroalergicznych przypominajacych
zapalenie mozgu, stad tez proby kojarzenia go z glikokortykosterydami
(Pawlowski 1988).

ENCEPHALOMENINGITIS CHRONICA EOSINOPHILICA
CAUSED BY CYSTICERCOSIS CEREBRI

Summary

The authors describe a case of encephalomeningitis chronica eosinophilica in a 60-year-old
woman. The etiology was not investigated clinically. The autoptic diagnosis was cerebral
cysticercosis.
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Immunohistochemical detection of glial fibrillary acidic protein (GFAP) is
frequently helpful for the histological diagnosis of glial tumors of the CNS
(Deck et al. 1978; Duffy et al. 1979; DeArmond et al. 1980; Bonnin, Rubinstein
1984; Szymas 1985 and others). Glioblastomas usually contain areas of glial
differentiation and some authors tend to classify glioblastomas in the glioma
group (Budka 1984). It is, therefore, of interest to know the significance of
GFAP reactivity in glioblastoma. Several previous studies have dealt with this
problem but the results are controversial. Although biochemical data indicate
that glioblastoma may contain considerable amounts of GFAP (Jacque et al.
1978; Rasmussen et al. 1980), immunohistochemical evaluation have revealed
various intensity of the GFAP reaction (Van der Meulen et al. 1978; Pasquier
et al. 1983; Bonnin, Rubinstein 1984; Reifenberger et al. 1987) or even such
glioblastomas which were GFAP-negative (Gottschalk, Szymas 1987).

The present study was carried out to investigate the occurrence of GFAP in
glioblastoma and to compare the immunohistochemical findings obtained in
formaldehyde-fixed material at the light and electron microscopic level with the
GFAP content quantified by biochemical analysis.

MATERIAL AND METHODS

Fifty two cases of glioblastoma were studied. Samples were collected from
routine surgical materials of the Neurosurgical Department, School of Medi-
cine in Poznan and the Neurosurgical Clinic, Hospital Cologne-Merheim.
Only those cases were evaluated in which biopsy material was large enough to
allow histological examination,of different tumor regions, and which were

* Supported by the Governmental Grant PR9-06 for Fighting Cancer.
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unequivocally diagnosed as glioblastoma multiforme according to criteria of
WHO classification (Ziilch 1979).

For light microscopy, 5 um paraffin serial sections were stained with
hematoxylin and eosin (HE) and acidic phosphotungstic hematoxylin (PTAH),
according to the modified method of Clark and Powers (1976). In addition,
Cajal impregnations were carried out, using the modification for paraf-
fin-embedded material (Descalzo 1963).

Immunohistochemical evaluation of GFAP was carried out in paraffin
sections of all 52 cases of glioblastoma, using the peroxidase-antiperoxidase
method of Sternberger et al. (1970). Polyclonal antibodies against human
GFAP were produced in rabbits as described before (Szymas, Morkowski
1984). Monoclonal anti-GFAP antibody against GFAP from porcine spinal
cord (clone G-A-5) (Debus et al. 1983), was purchased from Boehringer
(Marburg). Monoclonal anti-GFAP antibody against GFAP from paraformal-
dehyde fixed grade II astrocytoma (Paetau et al. 1985) was purchased from
Labsystem (Helsinki). Rabbit anti-mouse IgG, swine anti-rabbit IgG and
soluble peroxidase-antiperoxidase complex (PAP) were obtained from Dako-
patts (Copenhagen).

In five cases electron microscopical localization of GFAP activity was
carried out by pre-embedding immunoperoxidase staining. Small tumor
samples obtained during surgery were immediately fixed in a mixture of 4%
paraformaldehyde, 0.2% glutaraldehyde and 0.2% picric acid in 0.1 M phos-
phate buffer (pH 7.4) and left for 4 h at room temperature. Thereafter, the
samples were transferred to a fixative of the same composition except glu-
taraldehyde, for 10 h at 4°C. Sections 10— 50 um thick were cut with a Vi-
bratome tissue sectioner (Lancer), rinsed in 0.1 M phosphate buffer (pH 7.4)
and then stored for 24 h in phosphate buffered saline (PBS). The sections were
processed for immunohistochemistry at 4°C under continuous slow shaking as
follows: The slides were rinsed for 3 h in 0.15 M NaN, to block endogenous
peroxidase, preincubated for 12 h with 2% normal swine serum and then
exposed for 48 h to monoclonal antibodies against GFAP protein, diluted
1:250. After rinsing with PBS, the sections were incubated first in rabbit
anti-mouse serum for 24 h and — after another rinse in PBS — secondly in
swine anti-rabbit serum for 24 h. Following another rinse in PBS, they were
incubated with PAP diluted in PBS (1:400) for 12 h. The PAP complex was
visualized after incubation in 0.075% diaminobenzidine and 0.005% hydrogen
peroxide in 50 mM Tris HCI buffer (pH 7.4). Afterward the sections were
postfixed for 1 hin 2% OsO, in 0.1 M phosphate buffer (pH 7.4) dehydrated in
ethanol and embedded in Araldite. Ultrathin sections, with or without
counterstaining with lead citrate and uranyl acetate, were examined in the
electron microscope (EM 109 Zeiss). Photographs were taken on Agfa Ortho
Film (Agfa-Gevaert).

The specificity of the immunohistochemical staining was ascertained using
anti-GFAP antibodies previously absorbed by purified GFAP. Complete
absorption of anti-GFAP serum was confirmed by radioimmunoassay.

GFAP was quantified in 6 cases of glioblastoma by rocket immunoelectro-
phoresis according to Axelsen and Bock (1983). The samples were examined by
phase-contrast microscopy to ascertain the tumor origin, and then stored at
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—20°C until use. Frozen material was transferred into a cold extraction
medium containing: 1 mM ethylene diamine tetraacetic acid. Na salt (EDTA)
(Serva), 20000 units/l Aprotinin (Trascolan, Polfa), 1 mM phenylmethylsul-
fonyl fluoride (PMSF) (Sigma), 1% Triton (Fluka) in 50 mM Na-phosphate
buffer, pH 8.0. Samples were cut in small pieces and homogenized with a teflon
pestle for 2—3 min at 8 000 rpm. The homogenate was centrifuged at 20000 g
for 60 min, and supernatants were collected. In three cases the insoluble residue
tissue was further processed. For this purpose, pellets were resuspended in
extraction buffer (pH 8.0) containing: 50 mM Na phosphate, 1 mM EDTA,
20000/1 Aprotinin, 1 mM PMSF, 5% sodium dodecyl sulphate (SDS) (Serva)
and centrifuged at 20000 for 60 min. Supernatants were collected, and rocket
immunoelectrophoresis was performed in 1% agarose gel containing 2.3 pl
anti-GFAP serum/cm? and 1% Triton X-100. SDS-containing samples were
repeatedly dialysed against large volumes of electrode buffer with 1% Triton
X-100. Standard dilutions of purifitd GFAP were made using the same
electrode buffer.

RESULTS

All 52 glioblastomas were highly cellular and consisted of anaplastic, round,
elongated or pleomorphic cells, usually with scanty cytoplasm. Only large
globular and polymorphic cells, possessed abundant, eosinophilic and homo-
genous cytoplasm. In some of these cells the cytoplasm spread in broad
processes. The nuclei were hyperchromatic with different irregular configura-
tions, sometimes displaying gigantism and multilobulation. Cells with two or
more nuclei were also observed. Mitotic figures were frequent. Necrotic foci
were common and surrounded by cells with elongated nuclei forming pseudo-
palisades. There was also considerable proliferation of blood vessels. PTAH
staining did not reveal any fibrous material inside the cytoplasm in any of the
tumor cells. However, this stain made sometimes dark blue fibrils visible inside
the processes. Cajal impregnations were positive, but only areas with large
pleomorphic cells exhibited large amounts of silver deposits.

Immunohistochemistry of serial paraffin sections revealed GFAP positivity
in all tumors, although not in a uniform way. In 17 cases consisting mainly of
anaplastic small, round, elongated, or spindle cells with scanty cytoplasm and
sparse processes, the reaction with anti-GFAP serum was weak (Fig. 1). Some
of these GFAP-positive cells were in contact with blood vessels or infiltrated
the pia mater. Thirty five other tumors were mainly composed of large
polymorphic cells with abundant cytoplasm. Some cells were globular, others
extended into large processes. The GFAP reaction product was visible in many
of these cells and ranged from diffuse yellow staining to condensed dark brown
colour (Fig. 2). Sometimes, the reaction product was only found in cell
processes. GFAP positivity was most common in arrangements of tumor cells
around blood vessels (Fig. 3), astroblastic formations, subpial infiltrations and
glial cells. Polyclonal and monoclonal anti-GFAP antibodies reacted in
a similar way, but the staining with monoclonal anibodies was less intense.

Electron microscope cytochemistry was performed in five tumors. In these
cases tumor cells were of varying size and shape. The cytoplasm of the cells was
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Fig. 1. Pattern of immunohistochemical reaction of tumor cells of “primary” glioblastoma. Weak
GFAP positivity visible only in some small anaplastic and spindle cells. x 120
Ryc. 1. Wzorzec reakcji immunohistochemicznej komoérek nowotworowych ,,pierwotnego™ glejaka
wielopostaciowego. GFAP-dodatni odczyn widoczny w nielicznych matych anaplastycznych
i wrzecionowatych komorkach. Pow. 120 x

Fig. 2. Pattern of immunohistochemical reaction of tumor cells of “secondary” glioblastoma.
Reaction ranged from diffuse to condensed staining in most tumor cells. In some cells only
processes are visible. x 400

Ryc. 2. Wzorzec reakcji immunohistochemicznej komorek nowotworowych ,wtornego” glejaka
wielopostaciowego. Produkty reakcji (od rozlanego do silnie zaggszczonego odczynu) obecne
g w wigkszosci komorek nowotworowych. Pow. 400 x
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Fig. 3. Perivascular pattern of GFAP positivity in glioblastoma cells. Hemalum counterstain.
} x 400
Ryc. 3. Okolonaczyniowy uklad GFAP-dodatnich komorek glejaka. Preparat podbarwiony
hematoksylina. Pow. 400 x

Fig. 4. Tumor cells with signs of nuclear anaplasia. Some tumor cell processes reveal GFAP
positivity. Without counterstaining. x 5068
Ryc. 4. Komorki nowotworowe z wykladnikami atypii jader komérkowych Cze$¢ wypustek
komorek nowotworu wykazuje GFAP-dodatni odczyn. Bez kontrastowania. Pow. 5068
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Fig. 5. Coarse reaction products decorate cytoplasmic filaments. Without counterstaining. x 27514

Ryc. 5. Gruboziarniste produkty reakcji immunohistochemicznej ukfadaja si¢ na przebiegu
wiokienek znajdujacych sie w cytoplazmie. Bez kontrastowania. Pow. 27514 x

Fig. 6. Two processes filled with intermediate filaments ‘with dense peroxidase reaction products.
Without counterstaining. x 27514

Ryc. 6 Dwie wypustki zawierajace liczne wiokienka posrednie z obfitymi produktami reakcji
immunohistochemicznej. Bez kontrastowania. Pow. 27514 x
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confined to a narrow perinuclear rim and contained numerous polyribosomes
and mitochondria. GFAP immunoreactivity was better visible in unstained
sections and was confined mainly to intermediate filaments in the cytoplasm
and processes (Fig. 4). However, some bundles of these filaments were
GFAP-negative. The endoplasmic reticulum was well developed but there were
only a few microtubules and GFAP-positive intermediate filaments (Fig. 5).
The number of large and giant cells varied from case to case. These cells formed
cytoplasmic extensions or even processes containing GFAP-positive inter-
mediate filaments (Fig. 6). The nuclei were of irregular shape and exhibited
a distinct peripheral zone of condensed chromatin and active nucleoli. In a few
cells the reaction product was attached to the endoplasmic reticulum, but this
was not a common feature.

In 6 samples of glioblastoma GFAP content was quantified by rocket
immunoelectrophoresis. Following Triton X-100 extraction the GFAP content
ranged from 2.03 mg/g w.w. to 18.3 mg/g w.w. (6.7545.53). In three tumors in
which Triton X-100 insoluble residue tissue was re-extracted an additional
amount of 0.25—2.98 mg GFAP/g w.w. was obtained (1.74 +1.08) (Table 1).
Triton X-100 extraction in consequence, is able to recover 73—90% of total
GFAP.

Table 1. Interdependence between water-soluble and water-unsoluble GFAP
Tabela 1. Zaleznos¢ pomigdzy rozpuszczalng i nierozpuszczalna frakcja GFAP

Material GFAP GFAP Total GFAP
Aloth water-soluble water-unsoluble i water-soluble
Frakcja rozpu- Frakcja nieroz- ; Frakcja roz-
Materiat szczalna puszczalna Calkowite puszczalna
(mg/g w.w.) (mg/g w.w.) (mg/g w.w.) %
Normal white matter*
Prawidlowa istota biala 0.254 i 20
1 1 * %
Repesivhhits, nytiiee 2.0640.08 198409 404 48
Odczynowa istota biala
Astrocytoma pinocyticum** 6.19+0.17 3.98+0.19 10.17 61
Astrocytoma anaplasticum** 16.50+0.58 6.41+0.31 2291 714
5.19+40.13 2.00+0.07 719 72
Glioblastoma multiforme 2.03+0.02 — -
3.01+0.18 — -
39110.12 — I -
4.84+40.21 1.8040.04 6.64 73
18.30+0.75 2.98+0.12 21.28 86
2.17+0.14 0.2540.02 242 90
w.w. — wet weight
— (mokra masa)
Data after

Dane z pracy:* Eng et al. (1976) ** Szymas (1986)

DISCUSSION
The main histological characteristics of glioblastoma are invasive and
destructive growth, infiltration, focal and often extensive areas of necrosis,
proliferation of blood vessels and hemorrhages. The screening of cellular
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anaplasia on HE stained sections is very subjective and should not lead to the
diagnosis of glioblastoma without consideration of the above given character-
istics. In the present investigation, therefore, only cases were included in which
enough biopsy material was available to ascertain all these histological criteria.

It has been previously shown that HE staining is adequate for the diagnosis
of glioblastoma in most cases (Ziilch 1979)..Other stains such as PTAH
contribute little further information. In particular, this stain has failed to
demonstrate glial filaments in the cytoplasm of neoplastic cells in gemistocytic
astrocytoma and anaplastic astrocytoma (Szymas 1985) and did not reveal glial
filaments in the present study of glioblastoma, either. Cajal impregnations have
been previously used for demonstration of astrocytic differentiation in glioblas-
toma. The present study indicates, that these impregnations correlate quite well
with the immunohistochemical reaction against GFAP.

The intensity of GFAP immunoreactivity allows the distinction of two
subgroups of glioblastoma. The first group included 17 cases of small and
spindle-like cell glioblastomas with weak GFAP positivity. These tumors
probably belong to the group of “primary” glioblastomas (Scherer 1940;
Jellinger 1978). The second group consisted of 35 cases of pleomorphic
glioblastomas with more frequent GFAP positivity. They probably correspond
to the “secondary” glioblastoma of Scherer (1940) also referred to as “astro-
zytares Glioblastom” (Arendt 1977) or “astrocytic type of glioblastoma™
(Burger, Vogel 1982). In these tumors most intense GFAP immunoreactivity
was observed in subpial infiltrations, perivascular concentrations of tumor
cells, and giant cells. Conspicuous GFAP immunoreactivity of tumors with pia
infiltrations has also been reported by Herpers et al. (1984) and Gullotta et al.
(1985). This was interpreted as enhanced expression of GFAP in order to adapt
the cytoskeleton of infiltrating cells, induced by the connective tissue in a still
unknown way. In the present study GFAP positivity was also frequently
observed in those cells which were in contact with the perivascular basement
membrane or collagen fibers. It is conceivable that these structures influence
and promote the formation of glial filaments in tumor cells. This process may
be analogous to the previously demonstrated influence of the basement
membrane on the cytoskeleton of spatially oriented perivascular cancer cells
(Ingber et al. 1986). It has also been demonstrated that the collagen of mouse
basement membrane material stimulates GFAP production in human gliobla-
stoma (Mandybur et al. 1986), and that another component of the basement
membrane, laminin, may promote differentiation of attachment cells (Darnell et
al. 1986). The most intense GFAP immunoreactivity was observed in large and
giant tumor cells. It has been suggested that these cells do not proliferate or
even degenerate because of the slow incorporation of precursors of nucleic acid
(Hoshino et al. 1980).

In the biochemical part of our study we were able to extract two forms of
GFAP: water “soluble” (Triton X-100 extraction) and water “insoluble” (SDS
re-extraction). Treatment with 1% Triton X-100 results in complete disruption
of cell membranes and in quantitative recovery of GFAP from cytosol with the
exception of the extremely stable and water-insoluble glial filaments. This
technique is commonly used for extraction of intermediate filaments and allows
selective recovery of the proteins of these filaments (Apgar et al. 1985;
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Wiedenmann et al. 1985; Goetschy et al. 1986; Suzuki et al. 1986). For
extraction of a GFAP polymerized into glial filaments, as excess of ionic
detergent such as SDS is necessary (Lee et al. 1976; Kretschmar et al. 1985). In
normal rodent brain and in normal white matter of man 20—25% of GFAP is
water-soluble (Eng, DeArmond 1982). In gliomas this fraction increased to
50—70% (Szymas 1986) and in glioblastomas to 73—90% (results of the
present study), irrespective of the total amount of GFAP. This demonstrates
that the malignancy of neuroectodermal tumors with glial differentiation
depends on the fraction rather than the amount of water-soluble GFAP, as
suggested by Jacque et al. (1978) and Palfreyman et al. (1979). This conclusion
is in line with previous studies by Rasmussen et al. (1980) who were not able to
establish a relationship between malignancy and concentration of GFAP. .
According to Eng and DeArmond (1982) the GFAP immunohistochemical
reaction is specially intense in the presence of soluble GFAP. However, the
tumors in the present study reacted only weakly despite their high content of
soluble GFAP. A similar dissociation between the histological and biochemical
findings has been reported in reactive astrocytes of human white matter
(Newcombe et al. 1986). This suggests that during the fixation and embedding
process used for immunohistochemistry most of the soluble fraction of GFAP
is lost. However, it cannot be excluded that the antigens of soluble GFAP are
selectively masked by intra- and intermolecular bonds induced by the
aldehyde-containing fixative (Brandtzaeg, Rognum 1984).

Immuno-electron microscopy revealed that GFAP positivity was seen
almost exclusively in connection with glial filaments. This indicates that GFAP
positivity in glioblastoma after formaldehyde fixation reflects the presence of
glial filaments and in this way the differentiation of these tumor cells.

The results obtained demonstrate that in fact glioblastomas have a high
content of GFAP which, however, can only be partially revealed by im-
munohistochemical techniques. Further efforts, therefore, have to be made to
intensify the immunostaining ability of glioblastoma.

KWASNE WLOKIENKOWE BIALKO GLEJOWE W LUDZKIM GLEJAKU
WIELOPOSTACIOWYM

Streszczenie

Przebadano kwasne wilokienkowe biatko glejowe (GFAP) w glejakach wielopostaciowych.
Badania immunohistochemiczne przeprowadzono na materiale utrwalonym w formalinie, po-
chodzacym z 52 przypadkow tego nowotworu. Intensywno$é odczynu immunohistochemicznego
pozwolita na wyrdznienie dwoch podgrup glejakow wielopostaciowych: jednej ze skapym
odczynem i drugiej z odczynem bardziej wydatnym. Badanie immunohistochemiczne na poziomie
ultrastrukturalnym, przeprowadzone w 5 przypadkach, wykazalo, ze pozytywny odczyn na
obecnos¢ GFAP jest zwiazany z obecnoscia wlokienek glejowych. Na podstawie przeprowadzo-
nych badan biochemicznych wykazano obecnos¢ dwoch frakcji GFAP: frakcji rozpuszczalnej
w roztworze ekstrakcyjnym z uzyciem detergentow niejonowych, stanowiacej pul¢ niezagregowa-
nych we wiokienka czasteczek biatka oraz frakcji nierozpuszczalnej w tym roztworze, stanowiacej
frakcje biatka zagregowanego we wilokienka glejowe. Rozpuszczalna frakcja stanowita 73 —90%
catkowitego GFAP ekstrahowanego z badanych nowotworow; 10—25% stanowilo -GFAP
zagregowane we wlokienka glejowe i prawdopodobnie tylko ta frakcja uwidocznia si¢ na skrawku
histologicznym, badanym metoda immunohistochemiczna.
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The basement membrane (BM) of the muscle fiber, which constitutes an
important component of extracellular matrix is known to consist of several
collagenous and noncollagenous proteins. Type IV collagen and laminin are
generally accepted as intrinsic components of the BM. Fibronectin, considered
to be an extrinsic component of BM, exists in two forms: plasma (soluble) and
tissue (insoluble) fibronectin. The amino acid composition and immunological
properties of these two forms are similar. The relation of fibronectin, type IV
collagen and laminin to the normal muscle fiber has already been studied at the
light and the electron microscopic levels by Bertolotti et al. (1983), Hantai et al.
(1983), Sanes, Cheney (1982), Rampoldi et al. (1986). The distribution of various
BM components during skeletal muscle fiber degeneration and regeneration in
autotransplanted muscle was first studied by Gulati et al. (1982, 1983, 1984)
and Gulati (1985). The authors stressed that the BM was not a static structure
as was previously believed, but one which changes rapidly during muscle
degeneration and regeneration. A variety of experimental procedures has been
shown to produce muscle fiber degeneration and regeneration. It appeared that
the process of muscle regeneration following a local anesthetic Bupivicaine
hydrochloride (BPVC) application was more rapid, homogeneous, synchro-
nous and complete than that following local physical damage i.e. damage by
heat, cold, crushing, acute ischemia or autotransplantation (Allbrook 1981). In
the BPVC model well preserved satellite cells, functionally intact motor
innervation, preserved vascular supply and absence of connective tissue
proliferation are responsible for successful muscle fiber regeneration. Therefore,
the present study was undertaken to examine the possible changes of the BM
components in BPVC-induced skeletal muscle degeneration and regeneration.
We were unaware of any studies describing BM changes in BPVC-treated
muscle.

MATERIALS AND METHODS

A total of 27 adult (approximately of 200 g weight) male Wistar rats were
used. Eight groups of 3 rats received injections of BPVC. Three control rats
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received only 0.6 ml physiological saline. The rats were anesthetized with ether.
BPVC (0.75%) was injected in a dose of 0.6 ml into the Anterior Tibial (AT)
muscle. Rats receiving BPVC were sacrified by an overdose of ether after 4, 8,
12 hours and 1, 2, 3, 5, 7 days. The AT muscles were dissected and immediately
frozen in isopentane cooled by liquid nitrogen. Frozen sections of 8 um
thickness were cut in a cryostat. Serial sections were stained with hematoxylin
and eosin (HE), modified Gomori trichrome and by histochemical methods
including NADH-TR, ATP-ase with preincubation at pH 9.4, 4.6 and 4.3 and
alkaline phosphatase. The indirect immunofluorescence staining procedure was
used to monitor BM changes in muscle. In brief, appropriate monoclonal
antibodies were applied to adjacent tissue sections rinsed in phosphate buffer
saline (PBS) and incubated with fluorescein-conjugated secondary antibody.
Controls were prepared using nonimmune goat serum. None of these controls
exhibited any nonspecific fluorescence. Photographs were taken with an Opton
Zeiss standard Lab 16 microscope using Kodak Ectachrome film ASA 100.

RESULTS

Control group. No regenerating fibers in saline-injected AT muscles were
observed.

Four hours after BPVC injection. The majority of myofibers in
BPVC-treated AT muscle showed extensive alterations such as hyalinized
cytoplasm and circular outline. Several hypercontracted “opaque” fibers
stained dark by HE (Fig. 1A). Collagen IV and laminin were relatively well
preserved, whereas fibronectin presented irregular and patchy endomysial
distribution (Fig. 1B).

Eight hours after BPVC injection. Similar, but more advanced changes
were observed in all examined AT muscles. Most fibers showed hyalinization.
Many of them presented focal loss of the myofibrils often located in the center.
Numerous fibers appeared as empty sarcolemma tubes (Fig. 2A). The degene-
rating muscle fibers showed a decreased pericellular localization of fibronectin
and accumulation of fibronectin in the cytoplasm (Fig. 2B). Endomysial
collagen and, in lesser degree, laminin became patchy and irregular.

Twelve hours after BPVC injection. The degeneration of damaged fibers
progressed. The necrotic fibers were often surrounded by macrophages.
Numerous degenerating myofibers showed decreased endomysial and in-
creased sarcoplasmic fibronectin. Collagen IV and laminin have also been
found in the sarcoplasm of several degenerating muscle fibers. The distribution
of collagen IV and laminin in the endomysium became patchy and discon-
tinuous.

One day after BPVC injection. At the transverse section (Fig. 3A) cellular
infiltration of the necrotic zone was prominent with many phagocytes between
and inside the degenerating muscle fibers. Numerous myofibers showing
central necrosis were seen in HE staining. Intracellular accumulation of
fibronectin (Fig. 3B), laminin (Fig. 3C) and collagen IV (Fig. 3D) was visible in
the degenerating muscle fibers. The profile of myofibers, although irregular and
fragmented was still defined.
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Fig. 1. 4 hours after BPVC injection. A — Numerous fibers with hyalinized cytoplasm and circular
outline; many “opaque” fibers stained dark (arrow). HE. x200. B — Irregular and patchy
endomysial distribution of fibronectin. Anti-fibronectin staining. x 400
Ryc. 1. 4 godziny po podaniu BPVC. A — Wiele wlokien wykazujacych hialinizacje cytoplazmy
1 zaokraglony ksztalt; liczne wiokna homogenne o zwigkszonej barwliwosci (strzatka). HE. Pow.
200 x. B — Nieregularny rozktad fibronektyny w endomysium. Antyfibronektyna. Pow. 400 x

Fig. 2. 8 hours after BPVC injection. A — Many fibers seem empty with no visible myofibrils
(asterisk), many show focal loss of myofibrils, often located in the center (arrow). HE. x 400.

B — Progressing loss of pericellular localization of fibronectin with accumulation of the
fluorescence in the sarcoplasm of degenerating myofibers (asterisks). Anti-fibronectin staining.
x 400

Ryc. 2. 8 godzin po podaniu BPVC. A — Liczne widkna pozbawione miofibryli, widoczne jako

puste tuby (gwiazdka), wlokna z ubytkiem miofibryli w czgsci srodkowej (strzatka). HE. Pow.

400 x. B — Ubytek fibronektyny zwiazanej z blona podstawna, pojawienie si¢ fibronektyny
w cytoplazmie martwiczych wiokien (gwiazdki). Antyfibronektyna. Pow. 400 x
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Fig. 3. 24 hours after BPVC injection. A — Prominent cellular infiltration of necrotic zone with
many phagocytes between and inside the degenerating muscle fibers. HE. x 200. B — Numerous
fibers with both intracellular accumulation of fibronectin and dispersed expression between
myofibers. Anti-fibronectin staining. x200. C — Accumulation of laminin fluorescence in the
sarcoplasm of numerous muscle fibers. Anti-laminin staining. x200. D — Anti-collagen IV
staining. Intracellular fluorescence in many necrotic fibers. Pericellular expression of collagen 1V
appears patchy and fragmented. x 200
Ryc. 3. 24 godziny po podaniu BPVC. A — Widoczny naciek z fagocytami zarbwno pomigdzy mar-
twicznymi wioknami, jak i wewnatrz nich. HE. Pow. 200x. B — Wewnatrzkomorkowa
fluorescencja fibronektyny w wielu wioknach. Widoczna takze rozproszona fluorescencja pomigdzy
wioknami. Antyfibronektyna. Pow. 200 x. C — Wewnatrzkomorkowa fluorescencja lamininy
w wielu wioknach, czgsto w czgsci srodkowej. Antylaminina. Pow. 200 x. D — Antykolagen IV.
Wewnatrzkomorkowa fluorescencja w wielu wioknach. Pow. 200 x
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Two days after injection. Fibers surviving BPVC injection surrounded by
massive infiltration of unidentifiable in this staining mononuclear cells (prob-
ably macrophages, fibroblasts and proliferating myoblastic cells) were seen
(Fig. 4A). An intense patchy fluorescence of fibronectin between infiltrating
cells was observed (Fig. 4B), whereas staining for laminin and collagen IV was
negative in this area.

Fig. 4. 2 days after BPVC injection. A — Among clusters of macrophages muscle fibers surviving
BPVC injection. HE. x400. B — Fibronectin forms meshwork between surviving myofibers.
Anti-fibronectin staining. x 400

Ryc. 4. 2 dni po podaniu BPVC. A — Pomigdzy skupiskami makrofagow widoczne przetrwale
wiokna migsniowe. HE. Pow. 400 x. B — Pomigdzy przetrwalymi wioknami migsniowymi
widoczna siatka fibronektyny. Antyfibronektyna. Pow. 400 x

Three days after BPVC injection. Numerous small cells showing intense
basophilia in HE staining were observed in the newly regenerated area.
Fibronectin fluorescence in this area was very intense and dispersed between
regenerating cells (Fig. SA). In contrast, each regenerating cell or cluster of
regenerating cells was enclosed by ring-like collagen IV and a laminin rich
sheeth (Fig. 5B).

Five days after BPVC injection. Areas of previous damage filled with well
defined small fibers with central, otten multiple nuclei and with cytoplasmic
basophilia in HE were noted. Such newly formed fibers in the ATP-ases and
DPNH methods exhibited increased enzymatic activity. The fibronectin
staining (Fig. 6A) was intense and showed a circular outline around the
regenerating cells and a dense meshwork between them. Fibronectin deposits
delineated also numerous regenerating blood vessels. Collagen IV and laminin
contoured each cell or cluster of regenerating cells, whereas the space between
them was negative. Deformed and collapsed old BM fragments were still visible
in antilaminin staining (Fig. 6B).

10 — Neuropatologia Polska 1-2/90
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Fig. 5. 3 days after BPVC injection. A — Anti-fibronectin staining. Bright dispersed fluorescence
between regenerating myotubes. x200. B — Laminin forms delicate ring-like structure around
regenerating myotubes (arrow). Anti-laminin staining. x 200
Ryc. 5. 3 dni po podaniu BPVC. A — Intensywna rozproszona fluorescencja fibronektyny
pomigdzy regenerujacymi miotubami. Antyfibronektyna. Pow. 200 x. B — Laminina tworzy
delikatne obwodki wokot regenerujacych miotub (strzatka). Antylaminina. Pow. 200 x

Fig. 6. 5 days after BPVC injection. A — Still dispersed fibronectin around mewly formed

myotubes. Anti-fibronectin staining. x400. B — Continuous ring of laminin around regenerated

myotubes. Note fragments of old basement membrane (arrow). Anti-laminin staining. x400

Ryc. 6. 5 dni po podaniu BPVC. A — Pomigdzy nowo utworzonymi wioknami widoczna

rozproszona fluorescencja fibronektyny. Antyfibronektyna. Pow. 400 x. B — Laminina tworzy

ciagta obwodke dookota nowo utworzonych miotub. Widoczne resztki starej blony podstawnej
(strzalka). Antylaminina. Pow. 400 x
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Seven days after BPVC injjection. The new fibers enlarged and became less
basophilic in HE staining. The nuclei of newly regenerated fibers were still
centrally located. Such myotubes in ATP-ases and DPNH methods showed
increased enzymatic activity. Anti-fibronectin stained the circular outline
around myotubes and also endo- and perimysial spaces between the regenerat-
ing fibers (Fig. 7A), whereas each myotube was enclosed by a collagen IV and
laminin-rich ring (Fig. 7B). Anti-collagen IV and anti-laminin stained also
regenerating blood vessels in this area.

Fig. 7. 7 days after BPVC injection. A — Dispersed fibronectin expression between regenerating
fibers and in perimysium (arrow). Anti-fibronectin staining. x400. B — Regenerating fibers with
prominent ring of laminin (arrow). Lack of fluorescence in perimysium, Anti-laminin staining. x 400
Ryc. 7. 7 dni po podaniu BPVC. A — Rozproszona fluorescencja pomiedzy wioknami
i w perimysium (strzatka). Antyfibronektyna. Pow. 400 x. B — Regenerujace wlokna z wyrazna
obwodka lamininy (strzatka), brak fluorescencji w perimysium. Antylaminina. Pow. 400 x

In summary: during BPVC-induced muscle fiber degeneration endomysial
fibronectin decreased first and as first appeared in the sarcoplasm of necrotic
muscle fibers. The regenerating muscle fibers produced a new basement
membrane. Dispersed fibronectin appeared first in the regenerated area and
was followed by laminin and collagen IV forming ring-like structures around
newly regenerating muscle fibers.

DISCUSSION

The present study reconfirms the cytotoxic effect of BPVC on skeletal
muscle fibers. The morphological changes and their time-course observed by us
were similar to those reported in previous studies by Benoit and Belt (1970),
Jirmanova, Thesleff (1972), Foster, Carlson (1980), Nonaka et al. (1983). BM of
the skeletal muscle fiber is believed to persist, even if the muscle fiber
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degenerates, allowing proper regeneration of myoblasts and myotubes within it
(Foster, Carlson 1980). In the past few years, however, the availability of
antibodies against BM components has opened new possibilities of studying
BM changes in various experimental conditions (Chiquet, Fambrough 1984;
Mauger et al. 1984). From immunofluorescent studies of skeletal muscle grafts
undergoing regeneration or rejection (Gulati et al, 1982, 1983, 1984; Gulati
1985), it became clear that the individual component rather than the whole BM
changed sequentially during muscle fiber degeneration and regeneration. The
gradual breakdown of BM components and their sequential appearance was
also observed by us in the BPVC model. The early damage of various BM
components may be due to temporary ischemia at the site of BPVC injection
(Seibel et al. 1978). This is followed by gradual disappearance of fibronectin,
laminin and collagen IV macromolecules, related probably to their enzymatic
degradation. Enzymes involved in the process of BM degradation may
penetrate the area from infiltrating macrophages or accumulating extracellular
fluid (Liotta et al. 1981; Beach et al. 1982).

The presence of fibronectin in the sarcoplasm of degenerating muscle fibers
was first described by Gulati et al., in 1982 and was attributed to the synthesis
of fibronectin by activated myosatellite cells or to the altered muscle cell
permeability. In our experiment all three studied components were observed in
the sarcoplasm of necrotic fibers. Sarcoplasmic fibronectin appeared first and
was present in most degenerating fibers. To a lesser extent this phenomenon
was also observed in anti-laminin and anti-collagen IV staining. The reported
(Martinez-Hernandez, Amenta 1983) molecular weight for fibronectin is lower
than that for laminin and collagen IV. This may explain the increased muscle
cell permeability to fibronectin during muscle cell degeneration.

The new BM formation around the regenerated muscle cells was studied in
autotransplanted muscle by Gulati et al. (1982, 1983, 1984). It has been shown
that the various components of BM reappeared sequentially around the
regenerated myotubes, with fibronectin appearing last of all (Gulati 1985). In
contrast, in BPVC-treated muscle meshwork fibronectin expression in the
regenerating area was observed first. Such extracellular meshwork was
occasionally observed by Hantai et al. (1985a,b) in myoblast cell cultures and
was constantly present in myotube cultures. On the other hand, fibronectin, an
extrinsic component of BM is synthesized not only by myogenic cells, but
mostly by fibroblasts (Gardner, Fambrough 1983), numerously present in the
regenerating area. This may, in our experiment, explain the dispersed dis-
tribution of fibronectin in the extracellular space between newly formed
myogenic cells.

Laminin and collagen IV are also synthesized by fibroblastic and myogenic
cells (Kiihl et al. 1982). After myoblast fusion and formation of myotubes,
laminin and collagen IV has been shown to form a continuous BM ring (Kiihl
et al. 1982). Our results are in agreement with previous in vitro (Kiihl et al.
1982; Beach et al. 1985) and in vivo (Gulati et al. 1982, 1983, 1984; Gulati 1985)
studies and demonstrate that the formation of new BM in regenerating
BPVC-treated muscle is a terminal step during muscle regeneration.
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ZMIANY SKEADNIKOW BLONY PODSTAWNEJ WELOKNA MIESNIOWEGO
W PROCESIE DOSWIADCZALNEJ MARTWICY I REGENERACII

Streszczenie

Za pomoca przeciwcial przeciwko poszczegolnym sktadnikom blony podstawnej komorki

migsniowej oceniano zmiany zachodzace w procesie martwicy i regeneracji mig$nia, wywolane
podaniem Bupivicainy. Wskazano, ze najwczesniej ulega uszkodzeniu fibronektyna, ona tez jako
pierwsza pojawia si¢ ponownie wokol regenerujacych widkien migsniowych, tworzac wokoét nich
rozproszong sie¢. Laminina i kolagen IV sa bardziej oporne na uszkodzenie; wokot regenerujacych
wiokien tworza charakterystyczne pierscieniowate obwodki. Wyniki te $wiadcza, ze blona
podstawna komorki migsniowej nie jest tak trwala jak wczesniej uwazano, ale ulega istotnym
zmianom w czasie zwyrodnienia i regeneracji migsnia.

—
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It is well known that skeletal muscle is capable of regeneration in response
to injury (Allbrook 1981). There are many features essential for complete
muscle regeneration, with the intact innervation being most important. Several
authors have reported successful early phases of regeneration when dener-
vation and experimental muscle injury were done at the same time (Zhenew-
skaya 1962; Studitsky et al. 1963; Jirmanova, Thesleff 1972; Hall-Craggs, Seyan
1975; Gulati 1988). However, complete maturation of regenerating fibers
occurred only if the muscle was subsequently reinnervated. The purpose of our
study was to define, at the ultrastructural level, the effect of chronic dener-
vation on muscle fiber regeneration in rats.

In order to evaluate the age-related factor in muscle regeneration, we
compared the regenerative ability of neonatally and adult denervated muscle.
We studied a sequential series of muscles which had been denervated by sciatic
nerve section at different ages before treatment with a myotoxic agent — Bupivi-
caine (BPVC). BPVC, a local anesthetic, has been shown to produce pro-
nounced, yet reversible, muscle degeneration (Benoit, Belt 1970; Hall-Craggs
1974; Nonaka et al. 1983). In this model, well preserved satellite cells,
functionally intact motor innervation, uninterrupted vascular supply and
absence of connective tissue proliferation are responsible for extremely rapid
muscle fiber regeneration.

MATERIAL AND METHODS

The anterior tibial (AT) muscle of male Sprague-Dawley rats was used in
the experiments. All operative procedures except neonatal denervation were
performed under ether anesthesia. Neonatal denervation (within 12 hours after
birth) was performed under cold anesthesia. Denervation was accomplished by
right sciatic nerve transection at the sciatic notch and removal of a 2 mm

* This research was partly supported by grant from the Medical Dystrophy Association of
America.
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(neonatal) or 1 cm (adult) segment of the nerve to prevent reinnervation.
Injection of 0.6 ml of BPVC (0.75%, dissolved in 0.9% NaCl) was made into
the AT muscle. The rats were divided into 3 experimental groups:

Group I (control group) — 16-week-old rats injected with a single dose of
BEVIE:

Group II — Rats denervated at the age of 8 weeks and injected with
a single dose of BPVC 8 weeks later.

Group III — Neonatally denervated rats injected with a single dose of
BPVC 8 weeks later.

The AT muscles were removed in all 3 groups, 5, 7, 14 and 28 days after
injection, and in group I 3 days after injection and prepared for electron
microscopic examination.

RESULTS
Group I — control muscle

Three days after BPVC injection. Necrotic muscle cells invaded by
phagocytes (Fig. 1A), damaged capillaries and small venules were present in the
necrotic zone. The persisting sarcolemmal tubes contained necrotic muscle cell
debris, macrophages and mononucleated activated cells. Macrophages and
neutrophil leukocytes were also observed in extracellular spaces. Mononuclear
activated cells seen in the sarcolemmal tubes showed a different than
macrophages morphology. Their clear cytoplasm contained clusters of riboso-
mes and polyribosomes, a few large mitochondria and rough endoplasmic
reticulum. The large nuclei were oval or round, euchromatic and had
prominent nucleoli (Fig. 1B). These presumptive myoblasts very often con-
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Fig. 1. Group I — normal 16-week-old rat injected with single dose of BPVC. 1A — 3 days after
BPVC injection. Necrotic muscle fiber invaded by macrophages. Note peripherally located
indifferential cell (arrow). x8100. 1B — 3 days after BPVC injection. Presumptive myoblast
(asterisk) with large euchromatic nucleus and prominent nucleolus. x 13000. 1C — 5 days after
BPVC injection. Mature myotube. x 6000
Ryc. 1. Grupa I — 16-tygodniowe szczury, ktorym podano pojedyncza dawk¢ BPVC. 1A — 3 dni
po podaniu BPVC. Wilokno martwicze z makrofagami i widoczna na obwodzie komérka
niezréznicowana (strzatka). Pow. 8100 x. 1B — 3 dni po podaniu BPVC. Mioblast (gwiazdka)
z euchromatycznym jadrem i duzym jaderkiem. Pow. 13000 x. 1C — 5 dni po podaniu BPVC.
Dojrzata miotuba. Pow. 6000 x
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tained thin filaments longitudinally oriented. A few clusters consisted of
mononuclear cells within the old basement membrane were observed.

On the 5th day after BPVC injection, most of the old sarcolemmal tubes
were filled with several (4 to 7) fusing mononucleated cells at different stages of
development. Cells containing myofibrils were located more centrally than
undifferentiated ones. Focal continuities and numerous vesicles were present
between fusing cells. More mature large myotubes (Fig. 1C) were found
occasionally on the periphery of the regenerating zone.

By the end of the first week most of the young small muscle fibers had the
appearance of a mature muscle cell. Their cytoplasm contained highly
developed myofibrils which completely filled the cell. The sarcotubular system
showed normal morphology. Triads were regularly located at the A-I junctions
level. The majority of the muscle nuclei were located at the periphery but some
of them were still in the center of the fibers. At the periphery of these young
muscle fibers large activated satellite cells as well as small secondary myotubes
were frequently observed. They were closely connected and enveloped by
a common basement membrane.

By the end of the second week the muscle fibers increased in diameter and
most of them reached almost normal size. The majority of nuclei migrated
towards the periphery but some of them were still located in the center of the
fiber.

Group II — adult denervated rats

5 days after administration of BPVC the regenerating denervated muscle
showed visible differences, as compared with control muscle. While in normal
innervated muscle massive necrosis and active phagocytosis were seen up to
3 days, in denervated muscle they were still present on the 5 day (Fig. 2A). The
periphery of numerous necrotic fibers was occupied by presumptive myoblasts,
often forming semilunar caps (Fig. 2A). Very few clusters of mononuclear cells
within the old basement membrane tubes were found. The number of fusing
cells forming clusters was less numerous than in control muscle. They
contained also less myofibrils in their cytoplasm. On the 7th day noticeable
differences were observed between adult denervated and control muscle. While
the control muscle fibers had matured to young muscle fibers with activated
satellite cells, the majority of regenerating cells in the denervated muscles had
the appearance of myotubes with centrally located nuclei. When the sectioning
plane missed the nucleus, the central part of the muscle fiber was occupied by
sarcoplasm, rich in glycogen and mitochondria. Contrary to the control
muscle, no clusters were observed. After 14 days two populations of myotubes
were seen in regenerating adult denervated muscle. Larger myotubes, 13 to 14
pm in diameter, with abundant cytoplasm tightly filled with myofibrils and
smaller ones 6 to 7 um in diameter with scanty cytoplasm were present.
Heterochromatic nuclei, irregular in shape, had very often a folded or indented
surface. The outline of the myotubes became slightly irregular. The regenerat-
ing adult denervated muscle 4 weeks after BPVC injection consisted of small
irregular in shape myotubes with heterochromatic and folded nuclei (Fig. 2B).
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Fig. 2. Group Il — rats denervated at the age of 8 weeks and injected with single dose of BPVC

8 weeks later. 2A — 5 days after BPVC injection. Presumptive myoblasts (arrows) forming caps at

the periphery of necrotic muscle cells. x4680. 2B — 28 days after BPVC injection. Myotubes
irregular in shape with heterochromatic nuclei. x 4680

Ryc. 2. Grupa Il — szczury odnerwione w 8 tygodniu zycia, ktorym 8 tygodni pozniej podano

pojedyncza dawk¢ BPVC. 2A — 5 dni po podaniu BPVC. Mioblasty uktadajace si¢ na obwodzie

wiokien martwiczych. Pow. 4680 x. 2B — 28 dni po podaniu BPVC. Miotuby o nieregularnym
ksztalcie z heterochromatycznymi jadrami. Pow. 4680 x

http://rcin.org.pl



156 A. Kaminska, A. Fidzianska

Group IIl — neonatally denervated muscle

Five days after BPVC administration distinct differences were observed
between groups II and III. While in adult denervated muscle (Group II),
necrotic muscle cells invaded by macrophages were the most characteristic
finding, in group III the majority of regenerating fibers had the appearance of
myotubes (Fig. 3A). These myotubes varied in size from 4 to 9 pm and
contained large euchromatic nuclei with prominent nucleoli. Hof regions of the
nuclei contained ribosomes, rough endoplasmic reticulum and a prominent
Golgi complex. The cytoplasm of myotubes contained different numbers of well
formed myofibrils. On the 7th day, the myotubes increased in diameter, most of
them reaching from 11 to 14 pm. Abundant cytoplasm was tightly filled with
myofibrils (Fig. 3B). Fourteen days after BPVC injection the regenerating
myotubes had a morphology similar to that on the 7th day except a smaller
diameter of their nuclei. Central nuclei irregular in shape, 2.2 to 2.5 pum in
diameter showed condensation and margination of the chromatin. By the end
of the 4th week, most of the newly formed fibers still remained in myotube
stage, but the morphology of these cells was markedly changed. They lost their
round shape and became irregular. Extensive infolding of the cell membrane
was frequently observed. Fiber diameter and number of contractile elements
decreased. Irregular, small, heterochromatic nuclei 1.8—2 pm in diameter
showed extensive infolding of the nuclear membrane. Focal dilatation of both
the SR and T-system was also frequently found.

DISCUSSION

Our experiment confirmed previous observations (Benoit, Belt 1970;
Jirmanova, Thesleff 1972; Hall-Craggs 1974; Hall-Craggs, Seyan 1975) that
normal adult muscle exhibits an excellent regenerative capacity. Subsequent to
BPVC injury the satellite cells of normal muscle are activated and undergo
mitotic divisions providing numerous myoblasts which fuse and form new
myotubes. By the 7th day mature young myofibers extend throughout the
originally damaged area. By the 14th day regeneration is nearly complete with
most muscle cells showing a mature structural pattern.

Chronically denervated adult muscles subsequent to BPVC injury undergo
a similar time course of necrosis, phagocytosis and replacement by newly
formed myoblasts. The structural pattern of the initial stages of the denervated
and regenerating muscle could not be distinguished ultrastructurally from the
normal ones. However, starting with the 7th day, slowing of the maturation of
regenerating muscles became noticeable and by 4 weeks, when in regenerating
innervated muscle newly formed muscle cells appeared normal, the regenerat-
ing muscle cells in denervated muscle remained at the myotube stage. These
observations are in agreement with those made at the ultrastructural level by
Jirmanova and Thesleff (1972). These authors found that the initial stages of
regeneration in muscle denervated at the time of BPVC injection proceeded
normally, but delay was apparent by the Sth day. By the 15th day, maturation
had not proceeded beyond the stage of small immature muscle fibers with
centrally located nuclei. The persistence of myotubes was probably due to
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Fig. 3. Group III — neonatally denervated rats injected with single dose of BPVC 8 weeks later.

3A — 5 days after BPVC injection. Myotubes with well preserved structure, variable in size.

x 4200. 3B — 7 days after BPVC injection. Large myotubes tightly filled with myofibrils. x 6000

Ryc. 3. Grupa IIT — szczury odnerwione po urodzeniu, ktorym podano pojedyncza dawke BPVC

8 tygodni pézniej. 3A — 5 dni po podaniu BPVC. Miotuby o roznej $rednicy i prawidlowej

strukturze. Pow. 4200 x. 3B — 7 dni po podaniu BPVC. Duze miotuby scisle wypelnione
miofibrylami. Pow. 6000 x
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a lack of neurotrophic influence since Jirmanova, Thesleff (1972) found in their
electrophysiological studies, that in the innervated muscle motor nerves had
formed contact with regenerating muscle cells by the third day after methyl BP
injection. In the same experimental model Sadeh et al. (1985) observed
regenerating myotubes with newly-formed end-plates delineated by choline-
sterase stain on the 4th day.

These data as well as our results agree with the observations of other
authors (Jirmanova, Thesleff 1972; Hall-Craggs, Seyan 1975; Gulati 1988) who
reported that the lack of contact with the nervous system resulted in a slowing
down of growth and of maturation ot muscle fibers. A question that had
received but little attention in the literature is whether muscle can regenerate
after longstanding denervation. While the first stage of the regeneration process
could proceed independently, motor innervation, however, was necessary for
the maintenance of cell differentiation and maturation. In 1956 Walton and
Adams found no signs of regeneration in adult rabbit muscle which had been
denervated for 3 months before being injected with oil and alcohol, and only
few muscle buds of small regenerating muscle fibers in muscle denervated for
6 weeks and examined 10 days after injury. Recently, Gulati (1988) also
observed successful muscle fiber regeneration in adult, chronically denervated
and autotransplanted rat muscle with only a partial maturation of myotubes.
He too suggested that the late differentiation of the regenerates depended on
innervation. In the present experiment the difference observed between adult
and neonatally denervated muscle is of special interest. Neonatally denervatea
muscle showed more active de novo myotube formation than the denervated
adult as well as control muscle. Small regenerating myotubes found in
neonatally denervated muscle were formed earlier in the time course of
regeneration than in adult innervated muscle.

It is widely accepted (Allbrook 1981) that muscle regenerates from satellite
cells. The fact that regeneration can occur in chronically denervated muscle
indicates that the satellite cells retain their myoblastic potential for a long
period of time. In fact an increased number of satellite cells have been reported
both in adult (Ontell 1975; Snow 1983) and neonatal (Schultz 1978) denervated
muscle.

However, a significant increase in satellite cells was observed as late as
6 weeks after denervation in neonatal denervated muscle (Schultz 1978) as
compared with 3 weeks (Snow 1983) and 30 days (Ontell 1975) in adult muscle.
It was also shown that neonatally denervated muscle retains up to 8 weeks
after denervation morphological features of immaturity (Finowicka, Kaminska
1988). One might speculate that the satellite cells in such muscle retain a higher
potential to regenerate than in adult muscle.

It can be summarized that the ability of the muscle to regenerate in
response to injury is a property which can survive for a long period after loss of
its nerve supply. Regenerating muscle fibers originate from primarily
non-innervated satellite cells present in chronically denervated muscle. The
initial stages of regeneration proceed relatively independent from neural
influences, motor innervation, however, is necessary for muscle fiber differen-
tiation and maturation.
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REGENERACJA ODNERWIONEGO MIESNIA SZKIELETOWEGO SZCZURA.
BADANIA ULTRASTRUKTURALNE

Streszczenie

Celem badan byla ocena elektronowo-mikroskopowa procesu regeneracji zachodzacego

w przewlekle odnerwionym migsniu szkieletowym szczura, po podaniu miotoksycznego srodka
Bupiwakainy (BPVC). Porownywano migsien szczura odnerwiony bezposrednio po urodzeniu,
odnerwiony migsien szczura dorostego 1 prawidiowo unerwiony migsien szczura dorostego, do
ktorych wstrzyknigto BPVC.

Z przeprowadzonych badan wynika, ze najaktywniejsza regeneracj¢ obserwowano w migsniu

szczura odnerwionego bezposrednio po urodzeniu. O ile jednak poczatkowe stadia regeneracji
wlokna mig$niowego sa niezalezne od unerwienia, to dojrzewanie i réoznicowanie metaboliczne
regenerujacych wiokien migsniowych jest SciSle zwiazane z unerwieniem.
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Paraneoplastic disorders may be defined as diseases due to neoplasms
elsewhere in the body, but not due to local metastases or infiltrations. The
central nervous system, especially the cerebellum is frequently involved by
paraneoplastic processes (Norris 1972).

The aim of the present investigation was to study the changes in the
maturing cerebellum of infants who died of neoplastic disease. Attention was
focused on the structure and topography of cerebellar lesions in the course of
primary neoplasms localized beyond the nervous system.

MATERIAL AND METHODS

The investigations were carried out on 30 brains of children who died at
different ages (months — 17 years) in the course of neoplastic diseases. The brain
was involved neither by tumor nor cerebral and meningeal metastases. The
neoplasms had various localizations. Autopsy examination showed 7 neuro-
blastomas, 5 liver carcinomas, 2 kidney neoplasms, 3 carcinomas of other
internal organs, 4 sarcomas and 8 disseminated neoplasms (such as leukemias,
lymphogranulomatosis and malignant lymphomas). Eight of them were not
treated, others were treated by polytherapy (chemotherapy, radiotherapy and
surgery). Antimitotic drugs were used in classical compositions. Neurological
symptoms characteristic for cerebellar dysfunction have not been observed in
any cases.

Neuropathological examination was carried out on representative slides
from the cerebellar hemispheres and vermis at several levels.

RESULTS
The severity and topography of cerebellar lesions allowed to divide the

examined cases into 4 groups.
The first group included 6 cases which showed minimal lesions of Purkinje
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Table 1. Group 1. Clinicopathological data
Tabela 1. Grupa 1. Dane kliniczne i anatomopatologiczne

Neuropathological examination
Badanie neuropatologiczne

Case Age Diagnosis Treatment
Przypadek Wiek Rozpoznanie Leczenie Hemisphaeria i " Tiobuliis
cerebelli Vipms nodulo-floccularis

99/79 2 mos  neuroblastoma - — — -
mies. :

25/84 1 yr/rok nephroblastoma - - - P

7/80 3 yrs hepatoblastoma surgery - - -
lata operacja

55/80 3 yrs sarcoma no data — - P
lata brak danych

65/80 6 yrs ca hepatocell.  surgery — — P
lat operacja

22/83 15 yrs craniopharyng. surgery - - P
lat operacja

P — Purkinje cells lesions
uszkodzenie komorek Purkiniego

Table 2. Group 2. Clinicopathological data
Tabela 2. Grupa 2. Dane kliniczne i anatomopatologiczne

Neuropathological examination
Badanie neuropatologiczne

Case Age Diagnosis Treatment
Przypadek Wiek Rozpoznanie Leczenie Hemisphaeria ; Lobuliis
=T cerebelli Vermis nodulo-floccularis

97/79 6 mos neuroblastoma - P — -
mies.

10/83 1 yr  neuroblastoma — - P P
rok !

35/82 3 yrs- rhabdomyosarcoma chtr, surg P — -
lata

61/82 4 yrs neuroblastoma chtr -~ P P
lata

23/84 7 yrs nephroblastoma chtr P B P
lat

9/83 10 yrs leucaemia “chtr & — P
lat

chtr — chemotherapy
chemioterapia

surg — surgery
operacja
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Fig. 1. Cerebellar cortex with minimal lesions of Purkinje cells. Cresyl violet. x 100
Ryc. 1. Minimalne uszkodzenie komorek Purkiniego. Fiolet krezylu. Pow. 100 x
Fig. 2. Damage and loss of Purkinje cells at the top of cerebellar .gyri. Cresyl violet. x 100
Ryc. 2. Uszkodzenie komorek Purkiniego na szczycie zawojow mozdzku.: Fiolet krezylu. Pow. 100 x
Fig. 3. Widespread loss of Purkinje cells at the bottom of cerebellar sulci. Cresyl violet. x 100
Ryc. 3. Rozlegle ubytki komoérek Purkiniego na dnie rowkow. Fiolet krezylu. Pow. 100 x

Fig. 4. Aggregations of granule cells and loss of Purkinje cells in the flocculonodular lobe. Cresyl
violet. x 100

Ryc. 4. Skupienia komorek ziarnistych i ubytki komorek Purkiniego. Fiolet krezylu. Pow. 100 x
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Table 3. Group 3. Clinicopathological data
Tabela 3. Grupa 3. Dane kliniczne i anatomopatologiczne

Neuropathological examination
Badanie neuropatologiczne

Case Age Diagnosis Treatment
Przypadek Wiek Rozpoznanie Leczenie Hemisphaeria "\ Lobulus'nodulo-
cerebelli b -floccularis

32/80 4 mos hepatoblastoma - P P, Gr no exam.
mies. nie badany

79/79 8 mos. neuroblastoma chtr, rtg 2 P, Gr P Gr
mies.

102/79 8 mos. histiocytosis X - P; Gr - P, Gr
mies.

40/80 5 yrs  adenoca gl. mand. chtr, rtg P, .Gt no exam. P, Gr
lat nie badany

33/80 8 yrs  neuroblastoma surg P, Gr P P, Gr
lat

66/80 11 yrs ca hepatocellulare chtr, surg PLGr 2.1Gr no exam.
lat nie badany

54/80 15 yrs  ca hepatocellulare  no data P, =G no exam. PrGr
lat brak danych nie badany

69/80 17 yrs  lymphoma mal. chtr, rtg P Gr - P, Gr

lat

rtg — radiotherapy
radioterapia

Gr — granular layer damage
uszkodzenie warstwy ziarnistej

cells limited to the flocculonodular lobulus. Detailed clinicopathological data
are shown in Table 1. The age ranged from 2 months to 15 years. Two children
died without treatment, in 2 cases surgery was the main treatment. Prolonged
surgery, radiotherapy and chemotherapy were given in two cases. On neuro-
pathological examination of the cerebellar hemispheres and vermis no lesions
were observed. However, in the flocculonodular lobulus minimal degeneration
of the Purkinje cells was found (Fig. 1).

In the second group (6 cases) disseminated lesions of the Purkinje cells
including all structures of the vermis and hemispheres were found. Clinicopath-
ological data are shown in Table 2. The children died at the age of 6 months to
10 years. One infant was not treated, to another chemotherapy was adminis-
tered only for a few days, in others complex, prolonged therapy was applied.

Involvement of the Purkinje cells concerned the hemispheres, vermis and
flocculonodular lobulus. At the top of cerebellar gyri damage and loss of
Purkinje cells were noted with some glial proliferation (Fig. 2). At the bottom
of the sulci of the cerebellar hemispheres lesions of the Purkinje cells were very
widespread (Fig. 3). The changes were localized mainly in the centrally located
lobuli. Similar changes were observed in the vermis at the marginal lobuli.
Bergmann’s glia proliferation was uncommon in the depth of the sulci. In the
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Table 4. Group 4. Clinicopathological data
Tabela 4. Grupa 4. Dane kliniczne i anatomopatologiczne

Neuropathological examination

Case Age Diagnosis Treatment Badanie neuropatologiczne
Przypadek Wiek Rozpoznanie Leczenie Hemisphaeria e Dobuiis Bodaiss
cerebelli S -floccularis
12/83 2 mos adenoca gl. mand. — Gr Gr > P P; Gr
mies.
101/79 1,5 yrs histiocytosis — no exam. GE>P Gr
roku nie badany
56/80 2% Ly neuroblastoma chtr, rtg EGr>P Gr >'P R G
lata
96/79 Jswvrs lymphosarcoma chtr, rtg Gr Gr P, Gz
lat
64/80 145yt lymphoma mal. chtr P, Gr Gre'P P, Gy
lat
11/80 8 yrs neo mal. femoris  chtr, rtg, surg Gr Gr no exam.
lat nie badany
114/79 9 yrs lymphogranulo- chtr, rtg Gr>P Gr>P Py it
lat matosis mal.
108/79. 12, y&8 sarcoma Evingi no data Gr Gr no exam.
lat brak danych nie badany
26/83 131" yrs leucaemia lymph. chtr Gr Gr no exam.
lat nie badany
77/82 14 yrs ca mucocell. recti - Gr Gr> P PG
lat

flocculonodular lobulus, besides the Purkinje cells lesions, minimal changes of
the granular layer were seen in the form of aggregations of granule cells (Fig. 4).
Generalized lesions concerning both,” the Purkinje and granule cells, in all
cerebellar structures were found in 8 cases and constituted the third group
(Table 3). The age of the children ranged from 4 months to 17 years. Extensive,
almost complete loss of the Purkinje cells included central and peripheral parts
of the gyri. It was associated with thinning of the granular layer (Fig. 5).
Rarefaction of granule cells was disseminated among the cerebellar lobuli.
Widespread loss of granule cells in the vermis was also observed.

The fourth group (Table 4) included 10 cases which showed a predomi-
nance of granular layer lesions. The children’s age was in the range of
2 months — 14 years. In 2 of them chemotherapy was given only for a few days.
In others, complex prolonged therapy was administered.

Neuropathological examination revealed predominance of the lesions of the
granular layer. Changes were found in the vermis and hemispheres in the form
of focal granule cells loss with moderate glial reaction or widespread
disappearance of the granule cells (Fig. 6). The Purkinje cells were com-
paratively normal. In the cerebellum of a 2-month-old child atrophy concerned
both granular layers — the internal and external Obersteiner’s layer from
which granule cells arise during brain development.
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Fig. 5. Almost complete loss of the Purkinje cells and rarefaction of the granular layer. Cresyl
violet. x 100

Ryc. 5. Zanik komorek Purkiniego i rozrzedzenie warstwy ziarnistej. Fiolet krezylu. Pow. 100 x

Fig. 6. Disappearance of the granule cells and moderate glial reaction. Cresyl violet. x 100
Ryc. 6. Zanik komorek ziarnistych z umiarkowana reakcja glejowa. Fiolet krezylu. Pow. 100 x

DISCUSSION

On histopathological examination of the cerebellum only 1/5 of cases
showed minimal lesions of the Purkinje cells limited to the flocculonodular
lobe. The remaining cases had generalized lesions in all the examined
structures. Pathological changes of various intensity were observed in the form
of disseminated lesions of Purkinje cells, widespread lesions concerning both
the Purkinje and granule cells, and prevalent granular layer lesions.

Cerebellar changes were seen in more than 2/3 of cases, despite the absence
of clinical symptoms of cerebellar dysfunction. The appearance of cerebellar
lesions in infants is similar to that observed in adults (Tarnowska-Dziduszko
1987) with prominent lesions of the granular layer in half of the cases. In the
examined material there was no connection between the localization and
intensity of changes in the cerebellum and the type of neoplastic disease or the
treatment. Similar conclusions concerning paraneoplastic cerebellopathies in
adults were reached by Urich (1967) and Smith (1976). The particular feature of
the paraneoplastic cerebellopathies in infants was the damage of the granular
external Obersteiner’s layer. '

The structure and localization of the described pathological changes may
explain the pathomechanism of those lesions. The most remarkable diffuse loss
of Purkinje cells was found at the border zones of the vascularization regions
(in the cerebellar tonsillae, the edge of vermis and centrally located lobuli).
Damage of vascular walls may be partially responsible for these lesions.
Fibrosis, hyalinization or even necrosis of vessel walls are seen in brains of
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children with neoplastic disease (Dambska et al. 1986). Disturbances in the
blood flow resulting in ischemia could lead to widespread disappearance of the
particularly vulnerable Purkinje cells. In the granular layer anerobic glycolysis
takes place in the course of ischemia, leading to edema and rarefaction of the
granule cells (Friede 1963). Generalized metabolic disturbances during the fatal
course of neoplastic disease and the toxic effect of the treatment could be
another cause of granule cell degeneration (Hirano et al. 1973).

Probably very complex pathomechanisms lead to the development of
paraneoplastic cerebellopathy. The pathological cerebellar changes are, on the
one hand, directly or indirectly of toxic origin, on the other hand, they seem
conditioned by the anoxic-ischemic processes due to damage of vascular walls
and the particular vulnerability of the cerebellar cortex to hypoxia.

CEREBELLOPATIE PARANOWOTWOROWE W MATERIALE DZIECIECYM

Streszczenie

Opracowanie dotyczy mozdzkow trzydziesciorga dzieci zmartych z powodu choroby nowo-
tworowej narzadéow wewnetrznych, nie leczonych lub leczonych chemioterapia, radioterapia
i operacyjnie. W 1/5 przypadkow stwierdzono niewielkie uszkodzenie mozdzku, gtownie placika
grudkowo-ktaczkowego (grupa 1). W pozostatych przypadkach zmiany byly uogélnione, dotyczyty
wszystkich struktur. Obserwowano rozsiane uszkodzenie komorek Purkinjego we wszystkich
strukturach (grupa 2), uogolnione zmiany dotyczace zarowno warstwy komorek Purkinjego, jak
1 warstwy ziarnistej (grupa 3) oraz przewazajace uszkodzenie warstwy ziarnistej (grupa 4).
W mozdzku dziecka dwumiesigcznego uszkodzenie dotyczylo obu warstw ziarnistych — wewnetrz-
nych i zewnetrznej Obersteinera. Uszkodzenia warstwy ziarnistej byly rozlane, wystepowaty
w robaku oraz centralnych i obwodowych czesciach placikow poltkul. Najwigksze nasilenie
zanikow komorek Purkiniego obserwowano na pograniczu obszar6w unaczynienia w centralnie
rozmieszczonych placikach moézdzku, brzeznych zakretach robaka i migdaltkach. Nasilenie
i lokalizacja zmian nie wykazywaly zwiazku z rodzajem nowotworu ani ze sposobem i czasem
leczenia.
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