NEUROPAT. POL., 1976 XIV. 3

MARIA OSTENDA, MIROSEAW J. MOSSAKOWSKI, ALICJA PRONASZKO-
-KURCZYNSKA

ULTRASTRUCTURAL STUDIES
ON EXPERIMENTAL HEPATOGENIC ENCEPHALOPATHY

Department of Neuropathology, Medical Research Centre, Polish Academy
of Sciences
Head: prof. M. J. Mossakowski, M. D.

Numerous morphological studies on hepatogenic encephalopathy, per-
formed both on human and experimental animal material (Adams,
Foley, 1949; Lapham, 1961; Mossakowski, 1966a, 1966b; Shiraki, 1968)
point to the primary impairment of astroglia as underlaying this patho-
logical process. Mossakowski et al. (1970) have shown, that in experimen-
tal hepatogenic encephalopathy, glial changes are accompanied by an
increased permeability of brain vessels to silver salts, with unchanged
barrier for conventional protein markers.

Insofar, the rich and diversified picture of morphological changes,
observed in the light microscope, found but few and incomplete mani-
festations in the electron microscopic picture. This prompted us to
undertake electron-microscopic studies of hepatogenic encephalopathy
with the use of an already tested and reproducible experimental model
of a known pathomorphological picture and dynamics. In the line with
previous observations (Mossakowski et al.,, 1970) particular attention
was devoted to the picture of the blood vessels and glia.

MATERIAL AND METHODS

The studies were carried out on 24 female Wistar rats, 3-months
old at the beginning of the experiment. To produce liver cirrhosis, the
experimental animals in the number of 16 were given subcutaneously
injections of 50% carbon tetrachloride solution in liquid paraffin in
a dosis of 0.5 ml CCl4 per 100 g of body weight. The injections were
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given 3 times a week for a period of 2, 4 and 6 months. The 8 control
animals received injections of pure liquid paraffin with the same fre-
quency and for the same period. To avoid possible age-dependent dif-
ferences in the ultrastructural picture of the brain, the experiment was
arranged so as to sacrifice all the animals at the age of 9 months.

After decapitation the brain was removed from the skull as quick as
possible. Small tissue blocks were taken from the cortico-subcortical
area of the fronto-parietal region and fixed by immersion in 3% glutar-
aldehyde in Millonig buffer, pH 7.2, for 2 hrs, and thereafter for 1 hr
in 2% osmium tetroxide. The samples were dehydrated in ethanol of
increasing concentration and embedded in Epon 812. Blocks were cut
in a Tessla ultramicrotome. The ultrathin sections were contrasted with
uranyl acetate and lead citrate. The observations were made in a JEM
7A electron microscope.

Light microscopic studies of brain and liver tissue were done on for-
malin-fixed material. Paraffin sections were stained with hematoxylin
and eosine, van Gieson’s and Gridley’s methods.

Fzg. 1. Hepatogenic encephalopathy of 6-month duration. Endothelial cells of
cortical capillary vessel contain numerous pinocytic vesicles. Interendothelial
junctions form long, tortuous canals, x 4 900.

Rye. 1. Encefalopatia watrobowa w 6 miesigcu doéwiadczenia. Srodctonki  koro-
wego naczynia wlosowatego zawierajg liczne pecherzyki pinocytarne | wodniczki.
Zespolenia miedzysrodbtonkowe tworzg wydtuzone, krete kanaty. Pow. 4900 x.

Fig. 2. Hepatogenic encephalopathy of 6-month duration. Endothelium of capillary
vessel contains numerous pinocytic vesicles located at different depth of the
cell, x 15 000.

Rye. 2. Encefalopatia watrobowa w 6 miesigcu doswiadczenia Srodbtonki naczy-
nia wilosowatego z licznymi pecherzykami pinocytarnymi potozonymi na roznej
gtebokosci komorki. Pow. 15000 x.

Fig. 3. Hepatogenic encephalopathy of 6-month duration. Interendothelial junc-

tion of the capillary vessel in the form of widened electron-lucide slit, x 14 800.

Rye. 3. Encefalopatia watrobowa w 6 miesigcu doswiadczenia. Zespolenie miedzy-

$rédbtonkowe naczynia wiosowatego wystepuje w postaci poszerzonej optycznie
pustej szczeliny. Pow. 14 800 x.

Fig. 4. Hepatogenic encephalopathy of 6-month duration. Cortical capillary vessel
surrounded by entirely disintegrated perivascular astrocytic process, x 7 200.

Rye. 4. Encefalopatia watrobowa w 6 miesigcu doswiadczenia. Korowe naczynie
wilosowate otoczone ciezko uszkodzonymi okotonaczyniowymi wypustkami astro-
gleju. Pow. 7200 x.

Fig. 5. Hepatogenic encephalopathy of 6-month duration. Swollen, organelle-free
astrocytic process situated among other well preserved structural elements of
neuropil, x 13 000.

Rye. 5. Encefalopatia watrobowa w 6 miesigcu doswiadczenia. Obrzmiata, pozba-
wiona organelli subkomérkowych wypustka astrocytarna, potozona wsréd prawi-
dtowo zachowanych elementéw neuropilu. Pow. 13 000 x.

Fig. 6. Hepatogenic encephalopathy of 4-month duration. Astrocyte with swollen,
electron lucent cytoplasm containing normal mitochondria, fragments of rough
endoplasmic reticulum and scanty free ribosomes, x 9 000.
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RESULTS

On the light microscopy the brains of animals sacrificed after 4 and
6 months of experimental treatment revealed the features of hepatogenic
encephalopathy, which were similar in their nature and intensity to
those described in our previous paper (Mossakowski et al., 1971).

The electron microscopic picture of the brain of the animals decapi-
tated after 2 months of the experiment did not significantly differ from
that of the control animals. It should be emphasized that at the time,
no features of liver cirrhosis were observed in the experimental ani-
mals, but only generalized changes of the character of hepatocytes'
steatosis.

In the experimental animals, both after 4 and 6 months of the expe-
riment significant abnormalities of the electron-microscopic picture
were noted as compared with control material; the fundamental pattern
of tissue lesions being identical in both groups, the only difference appe-
aring in their intensity and range. At that time features of liver cir-
rhosis were found, much more intensive in animals with 6 months of
experimental treatment.

Rye. 6. Encefalopatia watrobowa w 4 miesigcu doswiadczenia. Astrocyt o obrzmia-

tej, optycznie przejrzystej cytoplazmie, zawierajgcy prawidlowe mitochondria,

fragmenty szorstkiej siatki Srédplazmatycznej i skape wolne rybosomy. Pow.
9000 x.

Fig. 7. Hepatogenic encephalopathy of 6-month duration. Astrocyte with advan-

ced disintegration of cytoplasm. Electron lucent cytoplasm of the cell contains

fragments of rough endoplasmic reticulum, some small mitochondria with a dark
matrix and heterogenous dense bodies, x 15 000.

Rye. 7. Encefalopatia watrobowa w 6 miesigcu doswiadczenia. Astrocyt z za-

awansowang dezintegracjg cytoplazmy, zawierajgcej nieliczne mitochondria o ciem-

nej macierzy, fragmenty szorstkiej siatki $rodplazmatycznej i heterogenne ciata
geste. Pow. 15000 x.

Fig. 8. Hepatogenic encephalopathy of 6-month duration. Astrocyte with comple-
tely disintegrated cytoplasm. Large nucleus with diffusely spread, scanty chro-
matin seems to be located in entirely empty space, x 4 550.

Rye. 8. Encefalopatia watrobowa w 6 miesigcu doswiadczenia. Astrocyt z catkowi-
cie dezintegrowang cytoplazma. Duze jadro ze skapa chromatyna sprawia wrazenie
potozonego w pustej przestrzeni. Pow. 4550 x.

Fig. 9. Hepatogenic encephalopathy of 6-month duration. Two oligodendrocytes
localized in subcortical area, with entirely normal ultrastructural picture, x 4 550.

Rye. 9. Encefalopatia watrobowa w 6 miesigcu doswiadczenia. Dwie komorki oli-
godendrogleju o catkowicie prawidtowym obrazie ultrastrukturalnym. Pow. 4 550 x.

Fig. 10. Hepatogenic encephalopathy of 6-month duration. Fragment of neuronal

cytoplasm, containing numerous canals of Golgi complex, among which many

coated vesicles are seen, and free ribosomes as well as some dense bodies, x 9 000.

Rye. 10. Encefalopatia watrobowa w 6 miesigcu doswiadczenia. Fragment cytopla-

zmy komoérki nerwowej, zawierajacej liczne kanaty zespotu Golgiego z potozonymi

wséréd nich pecherzykami obtonionymi, wolne rybosomy i nieliczne ciata geste.
Pow. 9000 x.
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The electron-microscopic tissue changes involved the structure of
the capillary vessels and selectively the astrocytic glia. The remaining
tissue elements were unchanged or showed only very slight ultrastru-
ctural abnormalities.

The ultrastructural changes of the capillary vessel walls found alre-
ady in the 4-months group, were manifested first of all by a marked
enhancement of the pinocytosis in the cells of endothelium (Fig. 1). The
endothelial cells were abundantly filled with numerous pinocytic vesi-
cles, found on various depth of their cytoplasm (Fig. 2). This phenome-
non was particularly well marked in animals after 6 months of experi-
ment. In the same vessels the myelin-like structures were noted in the
endothelial cells, these structures being usually situated in the vicinity
of the cell membranes, facing the vessel lumina. The intercellular jun-
ctions of endothelium showed a significant extension (Fig. 3). In ad-
dition irregularity and folding of the interendothelial junctions was
seen.

Already in the 4-months group a significant swelling of perivascular
astrocytic processes was observed. Their cytoplasm was characterized
by a decrease of electron density and reduction of subcellular elements.
At a higher intensity of changes, observed mostly in the 6-months group,
the blood vessels were surrounded by wide electron-light spaces of
astrocytic processes, which were almost completely deprived of cyto-
plasmic subcellular elements (Fig. 4). Occasionally, the narrowed lumina
of the capillary vessels gave the impression of being compressed by
the extended perivascular astrocytic processes. The reduction of subcel-
lular elements was characteristic not only for perivascular astrocytic
processes but also for those situated in the neuropil, contrasting with
the remaining unchanged elements of nerve tissue (Fig. 5).

Analogical changes concerned the astrocyte perikarya. When their
impairment was less extensive, the cell cytoplasm was characterized only
by a marked swelling (Fig. 6). More intensive changes proceded with
a significant disintegration of endoplasmic structures, first of all of the
endoplasmic reticulum. In these cases ,in the electron-light cytoplasm
only fragments of the rough and smooth endoplasmic reticulum, some
aggregations of free ribosomes and vacuoles of various size, probably
originating from the extended endoplasmic reticulum were found to
occur (Fig. 7). In some of the cells an increased number of dense bodies
and a slightly increased number of glycogn rosettes were observed. The
latter appeared both in the perikarya and processes of the astrocytes. At
the highest intensity of changes, the enlarged nuclei of astrocytes were
situated in an empty, organelle—free cytoplasm (Fig. 8). The nuclei
of astrocytes showed relatively slight changes, mostly concerning their
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size and distribution of chromatine, being scarcer and more loosely
spread out. In some of the astrocytic nuclei the (accumulations of small
electron-dense grain could be seen, the structure of which differed both
from aggregations of the nuclear RNA and cytoplasmic glycogen grains.

Contrary to the massive involvement of astrocytes, oligodendroglia
showed practically no ultrastructural changes (Fig. 9). The same was
true for the nerve cells in which only occasionally an increased number
of dense bodies and insignificant distention of endoplasmic reticulum
channels were observed (Fig. 10).

DISCUSSION

Selective impairment of astroglia, predominating in the electron-mi-
croscopic picture of the experimental hepatogenic encephalopathy, is
consistent with a number of light-microscopic observations pointing to
the primary gliopathic nature of the process. The abnormalities in the
ultrastructure of astrocytes found by us resemble those described in
humans in hepatogenic encephalopathy (Martinez, 1968), portal systemic
encephalopathy (Foncin, Nicolaidis, 1970) and in Wilson's disease (Gru-
ner, quoted by Foncin, 1970). These abnormalities show no specific ele-
ctron microscopic features. They do not diverge from the ultrastructu-
ral picture of astrocytes in cases of severe brain edema (Hirano et ah,
1967). These changes may manifest unspecific impairment of glia, predo-
minating in the histological picture of hepatic encephalopathy and lea-
ding to disintegration of astrocytic cells. It seems, however, that the
pictures of maximal swelling of astrocyte cytoplasm with complete di-
sappearance of endoplasmic cell organelles found by us may constitute
the ultrastructural manifestation of the glial changes described as Alz-
heimer cells, type Il. Likewise, the glycogen accumulations correspond to
the perinuclear deposits of this polysaccharide described by Shiraki
(1967) in human pathology and by Mossakowski et al. (1970) in experi-
mental animals. The character of the small, electron dense grains agglo-
merations present in the altered nuclei of astrocytes remains unclear. In
view of their ultrastructural picture it does not seem possible to con-
sider them as an electron microscopic manifestation of the intranuclear
glycogen inclusions, observed in the light microscopy.

No structures corresponding to the Opalski cells were found in our
material, this being consistent with the light microscope observations.
Neither were ultrastructural manifestations of the progressive changes
of astroglia, observed, which were described by Ma Hta Kyn and Ca-
vanagh (1970) and Cavanagh and Ma Hta Kyn (1971) in cases of expe-
rimental porto-caval encephalopathy.
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The described changes in electron microscopic picture of capillary
vessels, particularly the features of intensive pinocytosis, as compared
with their absence or insignificance in normal brain vessels (Brightman
and Reese 1970) may be the expression of changes in the vessel permea-
bility. They may form the morphological background of the increased
blood vessel permeability described by Mossakowski et al. (1971) in
cases of experimental hepatogenic encephalopathy.

Our observations do not answer the question concerning the mutual
relations between vascular and cellular changes. Both are present in
animals after a 4-month experimental period and become enhanced af-
ter 6 months of experimental treatment. They do not occur in rats trea-
ted for only 2 months. Presumably, studies on animals with an experi-
mental period longer than 2 months and shorter than 4 months would
give a picture of the differences in the dynamics of appearance and de-
velopment of both type of changes.

M. Ostenda, M. J. Mossakowski, A. Pronaszko-Kurczynska

OBRAZ MIKROSKOPOWO-ELEKTRONOWY
DOSWIADCZALNEJ ENCEFALOPATII WATROBOWEJ

Streszczenie

Przeprowadzono badania mikroskopowo-elektronowe mézgéw szczuréw z ence-
falopatia pochodzenia watrobowego, wywotang przewlekltym stosowaniem cztero-
chlorku wegla.

Najwczesniejsze nieprawidtowosci ultrastrukturalne stwierdzono u zwierzat po
4-miesiecznym stosowaniu CCLi. Osiggaly one maksymalne nasilenie po uptywie
6 miesiecy.

Zmiany w obrazie mikroskopowo-elektronowym dotyczyty $cian naczyn wioso-
watych i gleju astrocytarnego. Nieprawidtowosci w obrazie naczyn wyrazaly sie
wzmozeniem aktywnosci mikropinocytarnej $rodbtonkéw i poszerzeniem ztgcz mie-
dzysrédbtonkowych, ktére uznano za podtoze zwigkszonej przepuszczalnosci $cian
naczyniowych. Zmiany patologiczne gleju astrocytarnego wyrazaty sie bardzo
znacznym obrzmieniem cytoplazmy wypustek i perikariow komoérkowych, prowa-
dzacym do jej catkowitej dezintegracji strukturalnej. Powiekszone jgdra astrocytow,
0 rozrzedzonym uktadzie chromatyny, zawieszone w pozbawionej organelli cyto-
plazmie, uznano za mikroskopowo-elektronowy wyktadnik komérek Alzheimera

typu Il.

M. OcTeiiaa, M. R. MoccaKOBCKii, A. npoHamKO-Kypmiiibcxa

3JIEKTPOHHO-M14KPOCKOIIMHECKAR KAPTMHA DKCnEPMMEHTAJIbHOW
IIEHEHOHHON 3HIE<t>AJIOIIAT]4M

Pe3wme

Bbijin npOBe”eiibi  ajieKTpouHO-MMKpocKOnKHecKne MCCJie"OBaunH MO3ra Kpbic
¢ neueiiomiofi amjedoajionaTMefi, Bbi3Banuori npnMCHeuKeM ueTbipexxnopjiCToro yrjie-

pojja.
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Ca.MBie paHuwe yjibTpacTpyKTypiibie HapymenMH bbijin odnapyxieiibi y jkiibothlix
nocjie 4-MeciPinoro npnMeiieiina CC14 HanBbicmaa mx j-mTeHcnniiocTb /[ocTwrajiach
no wcTeueiiwio 6 wecnijeB.

Pi3MeHeiinH b ajieKTpoinio-MHKpocKOwriecKOM KapTwiie xacajincb CTenox KariMJi-
Jiapubix cocy®OB n acTpounTiion rJiMM. HapyineiiHH b Kaprnne cocy”OB nponajiajinch
yne;in’ieuneM MKKpoiiMHognTapiioii aKTMBiiocTn annTejiwa n pacriiPipenneM Mejxann-
TejmajibHbix coe™nnennfl, KOTopwe pacijennBajincb k«k ocrioBa yBennuemiol npo-
unijaeMOCTJi cTenox cocy/jOB. narojiornnecKne wsMeiicina acTpopiiTOB Bbjpa2Kajinch
aiianiiTejibnbiM otckom ijiiTOiijia3Mbi otpoctkob w Tejia kjtctok, KOTopniH npnno”nji
k obipeii CTpyKTypnou ae3MHTerpapi4dM. ysejinaeHnbie agpa acTponMTOB, OTJinna-
I0ipnecH pa3pex<eiiHO>i cncT-eMoii xpoiwaTima, iiaxo®Hinweca b ijnTonjiaaMC, jimuichhom
opraiiejui pacijemiBajincbh iok ajieKTpoiinc-MUKpocKonii'iecKwi noxaeaTejib xjieTOK
AjibpxafiMepa Il Tuna.
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