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DYNAMICS OF RAT HIPPOCAMPUS DEVELOPMENT
IN ORGANOTYPIC TISSUE CULTURE.
LIGHT AND ELECTRON-MICROSCOPIC STUDY

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

The hippocampal formation represents a peculiar CNS structure exhibiting
a characteristic polar orientation and laminar arrangement of nerve cells
achieved during development in both in vive and in vitro conditions (Purpura,
Pappas 1968; DeLong 1970; Gdhwiler 1981a). The extrinsic afferent fibres to
particular fields of the hippocampal formation, originating from several
sources, especially from the septum and contralateral hippocampus involve
restricted areas of termination on the dendritic tree (Gottlieb, Cowan 1972).

The interest in hippocampal morphology arises from the particularly high
vulnerability of this structure to certain noxious factors such as ischemia,
anoxia, senile changes or excitotoxins (Meldrum, Brierley 1972, 1973; Dam
1980; Ekstrom, Diemer 1982; Perkins, Stone 1985). Moreover, some areas of
the hippocampal pyramidal fields, especially CA| neurons are found to be
more sensitive to various injurious factors such as ischemic stress or epilepsy.
The reason of this high sensitivity to various pathological conditions and the
selective vulnerability of particular neuronal populations of the hippocampus
are as yet not fully understood. Pre- and postnatal development of hippocam-
pal neurons has been studied in recent years, but the morphology of synapses
and the process of synaptogenesis does not seem to be sufficiently elucidated.

A few studies have been done in tissue culture conditions so far (Kim 1973;
Gidhwiler 1981a, b; Bartlett, Banker 1984a, b). Since the organotypic tissue
culture model represents a very suitable tool for study of morphology and
development, we have used this model to investigate the ultrastructural
characteristics and dynamics of differentiation of the hippocampal formation
during development in vitro. This model provides a basis for further studies of
particular morphological properties of the hippocampus in various pat-
. hological conditions.
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432 E. Matyja, E. Kida
MATERIALS AND METHODS

Organotypic cultures of the hippocampal formation were prepared from
2 —3-day-old Wistar rats. The hippocampus was disssected out under sterile
conditions from both cerebral hemispheres. The blocks of tissue were placed
into dishes containing Eagle Minimal Essential Medium (MEM) and then cut
coronally into thin slices, put on collagen-coated glass coverslips and covered
with two drops of nutrient medium. The medium consisted of 25% human
serum and 75% MEM supplemented with glucose to a final concentration of
600 mg%. The cultures were maintained in Maximow double coverslip
assemblies at 36.5°C. The nutrient medium was renewed twice weekly. The
cultures were observed regularly in living state in the light microscope.

After 3, 6, 8, 11, 15 and 21 days of cultivation in vitro the cultures were
fixed for light microscopy and stained with cresyl violet and Kliiver-Barrera
method. The selected cultures were processed for electron microscopy. They
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 counterstained with uranyl
acetate and lead citrate and examined in a JEM 100B electron microscope.

RESULTS

Light microscopic observation:

Typical laminar arrangement of the pyramidal and granule cells was well
preserved in the explants of hippocampal cultures until the end of the first
week in vitro (Fig. 1). During the following weeks the explant became thinner,
particular nerve cells could be recognized but the laminar pattern of the
structure was not so distinct as in the first week in the living state. After
histological staining, however, typical lamination of the structure was still
present. During the first days of cultivation, the outgrowth zone was
characterized by numerous processes sprouting from the explant. Thin
neuronal processes appeared as early as on the 2-nd day in vitro (Fig. 2a, b). At
this time only a few glial processes were visible in the outgrowth zone. In older
cultures a dense mesh of processes developed, so it became impossible to
distinguish particular axonal and glial cell processes.

Electron-microscopic observation:

Electron-microscopic examination revealed that in young, 3-day-old hip-
pocampal cultures particular nerve cells could be easily identified, whereas the
neuropil displayed marked signs of immaturity. Most of the synapses were
immature with irregular outlines of pre- and postsynaptic profiles, a small
number of synaptic vesicles and poorly defined membrane densities. A few
growth cones filled with a great number of large, round, clear vesicles were
encountered.
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Fig. 1. Culture of hippocampal formation in living state, 2 days in vitro (DIV). Typical laminar
arrangement of particular cell layers. x 60
Ryc. 1. Hodowla hipokampa — obserwacje przyzyciowe, 2 dni in vitro (DIV). Charakterystyczny
warstwowy uklad komoérek nerwowych. Pow. 60 x

o

: oR F 2b
Fig. 2. Culture of hippocampal formation in living state, 3 DIV. a — numerous neuronal and glial

processes proliferating from the explant. x200. b — fragment of the outgrowth zone revealing
a delicate network of thin neuronal processes and a few thick glial processes. x 400

Ryc. 2. Hodowla hipokampa — obserwacje przyzyciowe, 3 DIV. a — liczne wypustki glejowe
i neuronalne wokot eksplantatu. Pow. 200 x . b — fragment strefy wzrostu. Delikatna siateczka
cienkich wypustek neuronalnych oraz grube wypustki glejowe. Pow. 400 x
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In 6-day-old cultures different types of neurons were found in the locsely
arranged neuropil composed of neuronal and glial cell processes. Pyramidal
cells appeared to be in clusters separated by thin glial processes or attached to
one another (Fig. 3). Prominent cytoplasmic membrane thickening could be
sometimes observed in the neuronal contact zone. The nucleus of these cells

Fig. 3. Hippocampal culture, 6 DIV. Several pyramidal neurons (N, N,, N,) compactly arranged
in clusters, separated by thin rim of neuropil. x 16000

Ryc. 3. Hodowla hipokampa, 6DIV. Neurony piramidowe (N,, N,, N,) lezace obok siebie. Pow.
16 000 x

exhibiting relatively regular outlines and uniformly dispersed chromatin was
excentrically located in the cell soma. The cytoplasm was rich in organelles,
especially mitochondria, neurotubules and free ribosomes, often aggregated in
rosettes. Smooth endoplasmic reticulum was poorly developed, confined to
a few short cisternae and vacuoles. The granule cells exhibited an oval or
round nucleus surrounded by a thin rim of cytoplasm poor in organelles.
Among pyramidal and granule cells a few neurons with large, often deeply
invaginated, nucleus and abundant cytoplasm were found. The cytoplasm of
these cells showed long channels of granular endoplasmic reticulum scattered
throughout the cytoplasm or arranged in parallel arrays (Fig. 4). In some of
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Development of hippocampus in vitro 435

Fig. 4. Hippocampal culture, 6 DIV. Fragment of basket cell showing numerous cisternae of
granular endoplasmic reticulum (GER) arranged in parallel arrays or scattered throughout the
cytoplasm. x 48 000

Ryc. 4. Hodowla hipokampa, 6 DIV. Fragment komorki piramidowej wstawkowej z licznymi
rownoleglymi lub rozproszonymi w cytoplazmie kanalami ziarnistej siatki $rodplazmatycznej
(GER). Pow. 48000 x

these cells, the nucleus revealed a conspicuous nucleolus and intranuclear rods
composed of parallelly oriented thin filaments. The morphological characteris-
tics of these cells allow to identify them as basket cells. Synaptic contacts in the
neuropil were rarely observed. Growth cones filled with large vesicles were
observed only occasionally. The most common interneuronal connections
appeared as axo-dendritic junctions. The maturation stage of particular
synapses varied markedly including a number of synaptic vesicles in the
terminal boutons, the appearance of synaptic membrane densities and a num-
ber of organelles in the pre- and postsynaptic elements. The axon terminals
contacted usually large, primary dendrites (Fig. 5). Only sporadically contacts
on dendritic spines could be detected. Numerous terminals contained only
a few vesicles located closely to the presynaptic membrane or in the centre of
boutons. Others, filled with a large number of small, round vesicles were seen
infrequently. The majority of synapses displayed symmetric densities of the
pre- and postsynaptic membranes (Fig. 6). Dendritic shafts contained nume-
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Fig. 5 Hippocampal culture, 6 DIV. Axon terminal (ax) filled with numerous synaptic vesicles
terminating on a primary dendrite (d). Slightly pronounced symmetric densities on pre- and
post-synaptic membranes. x 24 000

Ryc. 5. Hodowla hipokampa, 6 DIV. Zakonczenie aksonalne (ax) wypelnione licznymi pgcherzy-
kami synaptycznymi, tworzace potaczenie z duzym dendrytem (d). Stabo zaznaczone zageszczenia
pre- i post-synaptyczne. Pow. 24000 x

Fig. 6. Hippocampal culture, 6 DIV. Axo-dendritic connection with distinct symmetric thickenings
on presynaptic bouton (ax) and primary dendrite (d). Synaptic vesicles located in the centre of the
bouton. x 45000

Ryc. 6. Hodowla hipokampa, 6 DIV. Polaczenie akso-dendrytyczne z wyraznymi symetrycznymi
pogrubieniami blon w obrgbie kolbki presynaptycznej (ax) i dendrytu (d). Pecherzyki synaptyczne
zgromadzone w centralnej czesci kolbki. Pow. 45000 x

rous neurotubules parallelly arranged in arrays, sparse mitochondria, vacuoles,
short granular endoplasmic reticulum channels and free ribosomes. Mature
axo-somatic synapses were absent. In some places the axon terminals with
numerous vesicles were closely attached to the cell soma, but there were no
clear pre- and postsynaptic membrane densities (Fig. 7).

In 8-day-old hippocampal cultures different types of nerve cells could be
distinguished. The majority of pyramidal neurons exhibited an oval or round
nucleus with dispersed euchromatin. The abundant cell cytoplasm of these
neurons contained numerous organelles such as channels of granular endoplas-
mic reticulum, ribosomes free or in rosettes, neurotubules, mitochondria and
occasionally multivesicular bodies or dense core vesicles. The Golgi complex at
this stage of development was well organized and consisted of many cisternae
and vacuoles forming distinct stacks situated in different regions of the
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Fig. 7. Hippocampal culture, 6 DIV. Axon terminal (ax), closely attached to the cell soma,
containing synaptic vesicles of various size. Lack of pre- and post-synaptic densities. x 24 000

Ryc. 7. Hodowla hipokampa, 6 DIV. Zakonczenie aksonalne (ax), scisle przylegajace do ciata
komorkowego, zawierajace roznej wielkosci pecherzyki synaptyczne. Brak zageszczen pre-
i post-synaptycznych. Pow. 24000 x

cytoplasm (Fig. 8). Occasionally, in the proximity of pyramidal neurons,
satellite glial cells were visible (Fig. 9). The synapses increased in number and
generally contained more vesicles than in younger cultures. The majority of
synapses represented axo-dendritic connections, but synaptic contacts on
dendritic spines were also quite frequent. Many axon terminals contacting
dendritic shafts were filled with numerous small, round vesicles. Nevertheless,
some of the axon terminals were relatively empty and contained only a few
vesicles, accumulated near the presynaptic membrane or scattered throughout
the boutons (Fig. 10). Occasionally dense core vesicles were observed at some
distance from the synaptic membrane. Some of the axonal boutons, however,
forming an asymmetric contact on dendritic spines were densely packed with
a large number of small, round or large, clear vesicles. Both symmetric and
asymmetric types of synaptic junctions could be found at this stage of
development in vitro, but the asymmetric type distinctly predominated (Fig.
11). Synapses onto nerve cells somata were encountered infrequently and pre-
and post-synaptic membrane densities were still poorly defined.

In 1l1-day-old cultures the neuropil appeared as a dense network of
neuronal and glial cell processes (Fig. 12). Glial cells, mainly fibrous astrocytes
were rarely seen. The majority of pyramidal cells displayed a large, slightly
oval nucleus and abundant cytoplasm rich in organelles, especially in well

http://rcin.org.pl



438 E. Matyja, E. Kida

Fig. 8. Hippocampal culture, 8 DIV. Pyramidal neuron with round nucleus (N) and abundant
cytoplasm containing many channels of granular endoplasmic reticulum (GER), numerous free
ribosomes, neurotubules and well-developed Golgi complex (GA). x 13000
Ryc. 8. Hodowla hipokampa, 8 DIV. Neuron piramidowy z okragtym jadrem (N) i obfita
cytoplazmg zawierajaca liczne kanaly siatki $rodplazmaiycznej ziarnistej (GER), liczne wolne
rybosomy, neurotubule oraz dobrze rozwinigty aparat Golgiego (GA). Pow. 13000 x

Fig. 9. Hippocamal culture, 8 DIV. Satellite glial cell (S) localized in the vicinity of a neuron
(N). x 9700

Ryc. 9. Hodowla hipokampa, 8 DIV. Komoérka gleju satelitarnego (S) polozona w poblizu
neuronu (N). Pow. 9700 x

Fig. 10. Hippocampal culture, 8 DIV. Several synaptic contacts on dendritic shaft (d).
Electron-lucent bouton (ax,) contains small number of vesicles scattered throughout the terminal
and accumulated near the presynaptic membrane. Other axon terminal (ax,) filled with numerous
vesicles of various size. x 24 300
Ryc. 10. Hodowla hipokampa, 8 DIV. Kilka zakonczen synaptycznych na dendrycie (d).
Elektronowo jasna kolbka (ax,) z niewielka iloScia pecherzykéw rozproszonych w obrebie
zakonczenia oraz zgromadzonych w poblizu blony presynaptycznej. Zakonczenie aksonalne (ax,)
wypehnione licznymi pecherzykami rézniacymi si¢ wielko$cia. Pow. 24 300 x
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developed Golgi complex and numerous cisternae of granular endoplasmic
reticulum arranged in parallel arrays of the Nissl body. The neurons were often
closely attached to one another (Fig. 13). The granule cells were usually also
tightly packed in clusters. These cells displayed a typical round or oval nucleus
surrounded by a narrow rim of cytoplasm containing a few channels of
granular endoplasmic reticulum, small mitochondria and numerous ribosomes.
The Golgi apparatus was poorly developed with a few cisternae and vacuoles
(Fig. 14). Occasionally nerve cells with a large, deeply invaginated nucleus and
cytoplasm rich in organelles could be found. These cells resembling basket
neurons were characterized by a well developed granular endoplasmic reticu-
lum and abundant other cytoorganelles (Fig. 15).

In the neuropil axo-dendritic synapses contacting large dendrites were
frequently seen, but numerous axo-spinous synapses terminating on dendritic
spines were also found (Fig. 16). The spines were filled with floccular material,
sacs of smooth endoplasmic reticulum and occasionally spine apparatus.
Sometimes several presynaptic boutons contacted the same dendritic process
(Fig. 17). The majority of axo-spinous synapses displayed asymmetric memb-
rane densities, whereas axo-dendritic ones were characterized by a both
symmetric and asymmetric type of junctions. Occasionally the same axon
terminals formed several axo-spinous connections with a few dendritic spines
(Fig. 18). The presynaptic endings contained still a variable number of synaptic
vesicles. Most of synaptic vesicles were small, round with electron-lucent
content. Some of the terminals contained additionally a few large, pleomorphic
or dense core vesicles. The synaptic vesicles were usually accumulated in the
vicinity of the presynaptic membrane, whereas the remaining part of the
bouton was empty (Fig. 19). The extent of membrane thickenings varied. In
some synapses thickening of the membranes was limited to a small fragment of
the area of the contact zone, while in others the membrane densities involved
the whole length of the junction. Moreover, two types of axo-dendritic
synapses could be distinguished: the most commonly observed ‘“boutons
terminaux” type and the rarely seen “bouton en passant” type (Fig. 20). Very

Fig. 11. Hippocampal culture, 8 DIV. Axo-dendritic synapse which seems to represent symmetric
type with delicate thickenings on axonal bouton (ax,) and dendrite (d). Axo-spinous synapse with
large axon terminal (ax,) containing both small, clear vesicles and a few dense core vesicles
(arrow). x 32 000
Ryc. 11. Hodowla hipokampa, 8 DIV. Synapsa akso-dendrytyczna z delikatnymi pogrubieniami
w obrgbie kolbki aksonalnej (ax,) i dendrytu (d). Synapsa axo-kolcowa z zakornczeniem
aksonalnym (ax,) zawierajacym male, jasne pecherzyki oraz pojedyncze pecherzyki z elektronowo
gestym rdzeniem (strzatka). Pow. 32000 x

Fig. 12. Hippocampal culture, 11 DIV. Compact neuropil composed of neuronal and glial
processes. Glial cell (A) with numerous thin gliofilaments (gf) in the cytoplasm. x 11400
" Ryc. 12. Hodowla hipokampa, 11 DIV. Zbity neuropil zlozony z wypustek neuronalnych
i glejowych. Komorka glejowa (A) z licznymi widkienkami glejowymi (gf) w cytoplazmie. Pow.
11400 x
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Fig. 13. Hippocampal culture, 11 DIV. Two neurons (N,, N,) attached to one another. Abundant
cytoplasm is rich in organelles such as well-developed Golgi apparatus (GA), many channels of
granular endoplasmic reticulum (GER), mitochondria and ribosomes. x 16 000
Ryc. 13. Hodowla hipokampa, 11 DIV. Dwa przylegajace do siebie neurony (N, N,). Obfita
cytoplazma bogata w organelle: dobrze rozwinigty aparat Golgiego (GA), liczne kanaly siatki
srodplazmatycznej ziarniste) (GER), mitochondria i rybosomy. Pow. 16000 x

Fig. 14. Hippocampal culture, 11 DIV. Granule cell with relatively large nucleus (N) surrounded
by narrow rim of cytoplasm containing short channels of granular endoplasmic reticulum (GER),
mitochondria and ribosomes. x 10000
Ryc. 14. Hodowla hipokampa, 11 DIV. Komorka ziarnista ze stosunkowo duzym jadrem (N)
otoczonym przez waski rabek cytoplazmy, zawierajacej krotkie kanaly siatki srodplazmatycznej
ziarnistej (GER), mitochondria i rybosomy. Pow. 10000 x

Fig. 15. Hippocampal culture, 11 DIV. A nerve cell with numerous channels of granular

endoplasmic reticulum (GER), well-developed Golgi complex (GA) and mitochondria. x 11400

Ryc. 15. Hodowla hipokampa, 11 DIV. Komorka nerwowa z licznymi kanatami siatki $rodplaz-

matycznej ziarnistej (GER), dobrze rozwinigtym aparatem Golgiego (GER) i mitochondriami.
Pow. 11400 x
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Fig. 16. Hippocampal culture, 11 DIV. Axo-spinous synapses. One of axonal boutons (ax,) filled
with numerous synaptic vesicles. The other one (ax,) contains some vesicles in the vicinity of
presynaptic membrane. x 24 300

Ryc. 16. Hodowla hipokampa, 11 DIV. Synapsy akso-kolcowe. Kolbka aksonalna (ax,)
wypelniona licznymi pecherzykami synaptycznymi. Inna kolbka (ax,) zawiera niewielka ilos¢
pecherzykow w poblizu blony presynaptycznej. Pow. 24 300 x

Fig. 17. Hippocampal culture, 11 DIV. Single dendrite (d) surrounded by several axonal boutons
(ax,, ax,, ax,) filled with numerous synaptic vesicles. Two of these terminals form synaptic
connections with distinct densities on pre- and post-synaptic membranes. x 32 000

Ryc. 17. Hodowla hipokampa, 11 DIV. Dendryt otoczony kilkoma kolbkami aksonalnymi (ax,,

ax,, ax,) wypetnionymi licznymi pecherzykami synaptycznymi. Dwa zakonczenia presynaptyczne

tworza synapsy odznaczajgce si¢ wyraznymi zaggszczeniami pre- i post-synaptycznymi. Pow.
32000 x

Fig. 18. Hippocampal culture, 11 DIV. Numerous synapses visible in the neuropil. One of the axon
terminals (ax, ) forms asymmetric axo-spinous synapses with two dendritic spines (s, , s,). Some of
the boutons contain both small, round, clear and dense core vesicles (arrow). x 24 300
Ryc. 18. Hodowla hipokampa, 11 DIV. Liczne synapsy widoczne w neuropilu. Zakonczenie
aksonalne (ax,) tworzy asymetryczna synaps¢ akso-kolcowa z dwoma kolcami dendrytycznymi
(s,» s,). Niektore kolbki synaptyczne zawieraja zardwno male, jasne, okragle pecherzyki, jak
i pecherzyki z elektronowo gestym rdzeniem (strzatka). Pow. 24300 x

Fig. 19. Hippocampal culture, 11 DIV. Axo-dendritic synapse. Small number of synaptic vesicles
located close to presynaptic membrane or dispersed in relatively empty, electron-lucent bouton
(ax). Dendrite (d) contains numerous neurotubules. x 32400
Ryc. 19. Hodowla hipokampa, 11 DIV. Synapsa akso-dendrytyczna. Mata ilos¢ pecherzykow
synaptycznych zlokalizowanych w poblizu blony presynaptycznej oraz rozproszonych w stosun-
kowo pustej, elektronowo-jasnej aksoplazmie (ax). Dendryt (d) z licznymi neurotubulami. Pow.

X

Fig. 20. Hippocampal culture, 11 DIV. Axo-dendritic synapse of bouton “en.passant" type
(b). x 24000

Ryc. 20. Hodowla hipokampa, 11 DIV. Synapsa akso-dendrytyczna z kolbka typu “en passant”
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few symmetric axo-somatic contacts were observed exhibiting small number of
round, clear vesicles tightly packed closely to the presynaptic membrane.
In 15- and 21-day-old, well differentiated cultures characteristic, mature
hippocampal neurons were present. The pyramidal cells were increased in size
and showed well developed granular endoplasmic reticulum and Golgi
complex, more prominent than in younger cultures (Fig. 21). Granule cells

Fig. 21. Hippocampal culture, 15 DIV. Mature pyramidal cell exhibiting abundant cytoplasm with
numerous channels of granular endoplasmic reticulum (GER), well-developed Golgi complex
(GA) and mitochondria. x 13 000
Ryc. 21. Hodowla hipokampa, 15 DIV. Dojrzala komorka piramidowa z obfita cytoplazma
zawierajaca liczne kanaly siatki srodplazmatycznej ziarnistej (GER), dobrze rozwinigty aparat
Golgiego (GA) oraz mitochondria. Pow. 13000 x

revealed typical for adult tissue ultrastructural characteristics. The neuropil
was composed of densely packed neuronal and glial cell processes with
numerous synapses. The axo-adendritic and axo-spinous synapses formed still
the most common type, but axo-somatic junctions were also frequent. The
synaptic vesicles in the presynaptic endings were usually round, small and clear
(Fig. 22). Among them a few large, electron-lucent or dense core vesicles could
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Fig. 22. Hippocampal culture, 15 DIV. Axon terminals (ax,, ax,) filled with numerous small,
round and clear synaptic vesicles. One of the boutons (ax,) contains a few large, pleomorphic
vesicles. x 48 000

Ryc. 22. Hodowla hipokampa, 15 DIV. Zakornczenia aksonalne (ax,, ax,) wypenione licznymi
matymi okragtymi, jasnymi pgcherzykami synaptycznymi. Jedna kolbka (ax,) zawiera pojedyncze
duze, pleomorficzne pecherzyki. Pow. 48000 x

be observed (Fig. 23). Both symmetric and asymmetric junctions were
distinguished, although asymmetric axo-spinous contacts predominated. The
synaptic cleft in the synapses became relatively large, postsynaptic densities
were thick, but the length of the synaptic contact zone still varied (Fig. 24).
A few mossy fiber terminals were also found. These large presynaptic profiles
were densely packed with numerous small or large round vesicles and formed
multiple asymmetric synaptic connections (Fig. 25). Axo-axonal synapses were
observed only occasionally. No distinct dendro-dendritic junctions could be

found.

http://rcin.org.pl
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DISCUSSION

The present study demonstrated that organotypic cultures of the hip-
pocampus, devoid of all afferent fibres including inputs from septum and
contralateral hippocampus, were capable of developing and forming different
types of neuronal connections similarly as in normal postnatal development in
vivo. During the first days in vitro two principal types of nerve cells
corresponding to pyramidal and granule cells could be observed. On the
following days nerve cells increased in volume and contained more abundant
organelles revealing ultrastructural characteristics of mature neurons described
previously in studies performed both in vivo and in vitro (Hamlyn 1962; De
Boni et al. 1984). Synaptic junctions in the early cultures seemed immature
displaying irregular shapes of pre and postsynaptic profiles, slightly pronoun-
ced membrane densities, thin synaptic clefts and a paucity of synaptic vesicles.
These features were also observed in other developing neocortical areas during
the first few days of postnatal life (Blue, Parnavelas 1983). It is noteworthy
that in our youngest cultures growth cones were seen very rarely so they could
not represent the earliest sign of synaptogenesis as was previously suggested
(Zhabotinski et al. 1979). During the following stages of development in vitro
synaptic contacts were characterized by prominent thickenings of membrane
densities and an increasing number of synaptic vesicles. In well differentiated
cultures, after 2 weeks of cultivation the ultrastructural picture of synapses
faithfully corresponded to that of mature synapses described both in vive and
in vitro (Laatsch, Cowan 1966; LaVail, Wolf 1973; Gihwiler 1981b; Gidhwiler,
Dreifuss 1982; De Boni et al. 1984). Axonal and dendritic shafts also exhibited
normal morphological characteristics as was observed in previously performed
studies (Gahwiler 1984; Zimmer, Gahwiler 1984). Nevertheless, some differen-
ces as compared with the earlier ultrastructural studies have been noticed,
concerning mainly the synaptic organization of the hippocampal formation.
The most common type of synapses found in our hippocampal cultures at early

Fig. 23. Hippocampal culture, 15 DIV. Axo-spinous synapse. Synaptic vesicles are mostly small
and clear. A few granular; dense core vesicles are also seen (arrowhead). x 48 000

Ryc. 23. Hodowla_hipokampa. 15 DIV. Synapsa akso-kolcowa. Widoczne liczne male, jasne

pecherzyki oraz pojedyncze pecherzyki z elektronowo gestym rdzeniem (strzatka). Pow. 48 000 x

Fig. 24. Hippocampal culture, 21 DIV. Mature axo-spinous synapse with long area of synaptic
contact and wide synaptic cleft (arrowhead). x 36 000

Ryc. 24. Hodowla hipokampa, 21 DIV. Dojrzala synapsa akso-kolcowa z rozbudowana strefa
kontaktu synaptycznego oraz szeroka szczeling synaptyczna (strzatka). Pow. 36000 x

Fig. 25. Hippocampal cul!ure, 21 DIV. Large, mossy fiber terminal filled with numerous small and

large, clear, round synaptic vesicles. Several synaptic contacts with dendrite (arrowheads). x 10 000

Ryc. 25.. Hodov\{la. hipf)karppg, 21 DIV. Zakonczenie aksonalne widkna kiciastego wypekione

licznymi matymi i duzymi, jasnymi okraglymi pecherzykami synaptycznymi. Kilka polaczen
synaptycznych z dendrytem (strzatki). Pow. 10000 x
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stages of growth in vitro was represented by axo-dendritic symmetric contacts,
contrary to other studies in vitro (Bartlett, Banker 1984b; De Boni et al. 1984).
However, it was suggested that some of the symmetric connections could
develop asymmetric densities in later stages of maturation (Adinolfi 1972). The
symmetric type of synaptic junctions corresponding to Gray’s type II (Gray
1959) of synapses was most often associated with inhibitory functions
(Andersen 1979; Ribak, Seress 1983). In agreement with other authors, in
mature cultures, axo-spinous asymmetric synapses distinctly predominated and
the number of axo-spinous synapses increased markedly during the 2-nd and
3-rd week in vitro. It seems that this could be related to the formation of spi-
nes on dendritic branches during morphological maturation (Westrum et al.
1980; Miller, Peters 1981). Axo-somatic synapses were observed more often in
older cultures and they were exclusively of symmetric character. The dis-
tribution of synaptic contacts in older cultures forming symmetric junctions on
cell somata and predominating asymmetric contacts on dendritic spines or
trunks demonstrated in the present study, corresponded to those seen in the
hippocampus in situ and in long-term dissociated or organotypic cultures
performed in roller tubes (DeLong 1970; Gottlieb, Cowan 1972; Kim 1973;
Bartlett, Banker 1984a, b). It was also demonstrated in the present study that
sometimes individual presynaptic boutons formed synaptic connections with
several dendritic processes or spines, moreover, typical mossy fiber terminals
were found, which are especially abundant in hippocampal transplants and
slice cultures which lost afferent contacts (Blackstad 1961; Hamlyn 1962;
Goldowitz et al. 1982; Zimmer, Gidhwiler 1984, Frotscher, Zimmer 1986). The
variety of synaptic junctions developing in tissue culture conditions suggests
a possibility that these synapses may be formed by axons of intrinsic
hippocampal neurons. It was furthermore previously documented that after
intracerebral transplantation of newborn rat fascia dentata, granule cells also
developed dendritic and axonal processes corresponding to those present in
situ and intrinsic connections appeared in the absence of extrinsic afferents
(Zimmer et al. 1983; Frotscher, Zimmer 1986).

The present study evidenced that the development of the neonate rat
hippocampal formation in organotypic tissue culture mimics the neuronal and
synaptic maturation in vivo. An exceptionally large number of synapses of
various characteristics encountered in the hippocampal formation in vitro,
compare to the other brain structures cultured, provides a useful model for
further investigations.

DYNAMIKA ROZWOJU HIPOKAMPA
W WARUNKACH ORGANOTYPOWEJ HODOWLI TKANKOWE]J
Streszczenie

Celem badan byla charakterystyka obrazu ultrastrukturalnego komoérek nerwowych oraz
polaczen synaptycznych w procesie dojrzewania i roznicowania hipokampa szczura w hodowli
organotypowe;j.
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Wykazano, ze hipokamp in vitro, pozbawiony wiokien aferentnych, zachowuje zdolno$¢ do
roznicowania neuronéw na komorki piramidowe i ziarniste oraz do tworzenia réznego typu
potaczen synaptycznych. Proces roznicowania i dojrzewania neuronow przebiega analogicznie do
procesu dojrzewania tkanki in situ. W miodych hodowlach hipokampa obserwowano przede
wszystkim niedojrzale synapsy akso-dendrytyczne o stabo wyksztalconych, symetrycznych zagesz-
czeniach pre- i postsynaptycznych. W pozniejszym okresie wzrostu in vitro, obok symetrycznych
i asymetrycznych synaps akso-dendrytycznych, wystgpowaty bardzo liczne asymetryczne synapsy
akso-kolcowe. Ponadto stwierdzono obecnos¢ pojedynczych potaczen akso-somatycznych. W mia-
re dojrzewania synaps obserwowano zwigkszona ilo$¢ pecherzykow synaptycznych w zakon-
czeniach aksonalnych, wyrazne zaggszczenia blonowe oraz poszerzenia szczeliny synaptycznej.

Przedstawiona w pracy niezwykla réznorodno$¢ potaczen synaptycznych hipokampa in vitro
pozwala na wykorzystanie modelu hodowli tkankowej do dalszych badan nad wplywem réznych
czynnikow patologicznych na rozw6j i obraz morfologiczny komoérek nerwowych i ich potaczen.

JAUHAMMKA PA3BUTUSA TUIIIIOKAMIIA
B OPTAHOTUITMYECKOW KVJIbTYPE TKAHU

Pe3rome

HUccnenoBanach yabTpacTPyKTypa HEPBHBIX KJIETOK M CHHANTHYECKHX CBSi3eH B Ipouecce
co3peBaHus H AM(GEOEPEHIMPOBKH TIHINOKAaMIa KpbICHI B OPraHOTHIIMYECKOH KYJbTYpe.
OG6HapyXeHO, 4TO THINOKAMIl in vitro, JNWIIEHHbIH ap(EPEHTHBIX BOJIOKOH, COXpaHSET
cnocobHocTh K AupdepeHIMpOBKEe HEHPOHOB HAa KJIETKH-3€pDHA M MNHPAMHIHBIE, @ TAaKXKe
K 06pa30BaHMIO CHHANITHYECKHX CBsi3eil pa3Horo tumna. [Iponecc auddepeHUpoBKH U CO3peBaHus
HEAPOHOB M MX CBfI3eH in vitro MPOTEKAeT CXOQHO C TPOLECCOM CO3PEBAHMA TKAHM in situ.
B Mosio/ibix KynbTypax rummokammna HaGIHONAIHCh TIPeXAE BCEro He3peJibie aKCO-ACHIAPHTHYECKHE
CHHATMChI €O ¢1abo cHOPMHPOBAHHBIMH CHMMETPHYHBIMH TIPE- U MOCT- CHHANITHYECKHMH YILIOT-
HeHusiMu. B Gosiee nosiwem nepuosnie pocTa in vitro, Hapsiy ¢ CHMMETPHYHBIMH M HECHMMETPHYHBIMH
AKCO-/IEH/IDHTHYECKAMH CHHANICAMH, OBbLIM BHIHBI MHOTOYMCIICHHbIE HECHMMETPHYHbBIE aKCO-IIIHITH-
koBble cuHancel. Kpome Toro, obHapyxeHbl eIMHHYHBIE aKCO-coMaTHyeckue cBsi3u. [lo mepe
CO3pEBAHMS CHHANCOB HaOJIONANIOCh YBEJIMYCHHE KOJIMYECTBA CHHANTHYECKHX Ty3bIPHKOB
B aKCOHAJbHBIX OKOHYAHMAX, OTMETJIMBbie MeMOpaHHBIE YIUIOTHEHHS M pacClUMpeHHe
CHHANTHYECKON ILEIH.

O6HapyxenHoe B HacTosiiedl pabote HeoObivaiiHOe pasHOOOpa3We CHHANTHYECKHX CBs3ei
TUNNOKAaMIa in vitro, TO3BOJSET HWCHOJb30BaTh MOJENb KYJbTYPbl TKaHH B JajIbHEHILMX
MCCIIE/IOBAHMAX BJIMSHUS Pa3HbIX MATOJOrHYECKUX (PAKTOPOB HA pa3BUTHE W MOP(HOJIOrH3ECKYIO
KapPTHHY HEPBHBIX KJIETOK M HMX CBA3€H.
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KOMUNIKATY

W dniach 1-2 czerwca 1989 r. odbedzie si¢ w Reykjawiku (Islandia) Sympozjum na temat
»Wirus a moézg”, zorganizowane przez Skandynawskie Towarzystwo Wirusologéw oraz Skan-
dynawskie Towarzystwo Neuropatologiczne.

Szczegolowe informacje zostana przestane osobom, ktore zglosza swoje uczestnictwo.

Adres Komitetu Organizacyjnego: Virus and the Brain attn. Dr G. Georgsson, Institute for
Experimental Pathology, University of Iceland, Keldur, Box 8540, 128 Reykjavik, Iceland

*

W okresie od 25 do 29 czerwca 1989 r. odbedzie si¢ w Pradze Kongres Europejskiej Federacji
Towarzystw Neurologii Dziecigce;j.

Gléwnymi tematami Kongresu beda:
— leczenie padaczki wczesnego okresu dziecigcego,
— intensywna opieka w neurologii dziecigcej,
— leczenie urazow we wczesnym okresie dziecigcym,
— doniesienia wolne.

Adres Komitetu Organizacyjnego: Association of Czechoslovak Medical Societies J. E.
Purkyné, E.F.C.N.S., P.O. Box 88, CS — 120 26 PRAHA 2

*

W okresie od 9 do 13 pazdziernika 1989 r. odbegdzie si¢ w New Delhi IX Migdzynarodowy
Kongres Neurochirurgii.

Adres Komitetu Organizacyjnego: Prof. A. K. Banerji, Organizing Secretary, Post Office Box
No. 4543 New Delhi, 110016, India

Kongres ten poprzedzi XVIII Miedzynarodowy Kongres Padaczki (18 —22 pazdziernika
1989) oraz XIV Swiatowy Kongres Neurologii (22—27 pazdziernika 1989). O obu tych
kongresach, ktore odbeda si¢ rowniez w New Delhi, informowali§my uprzednio.

Jerzy Dymecki
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WPLYW KROTKOTRWALEGO NIEDOKRWIENIA
NA ULTRASTRUKTURE ZAKRETU HIPOKAMPA
U CHOMIKOW MONGOLSKICH.

CZESC 1. ULTRASTRUKTURALNA CHARAKTERYSTYKA ODCINKA CA, ROGU
AMONA ZE SZCZEGOLNYM UWZGLEDNIENIEM OBRAZU POLACZEN SYNAPTY-
CZNYCH

Zaklad Neuropatologii, Centrum Medycyny Doswiadczalnej i Klinicznej PAN, Warszawa

Krotkotrwaly incydent niedokrwienny (5—7,5 min), wywolany obustron-
nym podwigzaniem tgtnic szyjnych wspolnych, prowadzi u chomikéw mongol-
skich do glebokich zmian patologicznych, ktorych nastgpstwem jest rozpad
komorek piramidowych odcinka CA, rogu Amona (Suzuki i wsp. 1983 a;
Mossakowski, Gadamski 1987a, b). Proces ten ujawniajacy si¢ z kilkudniowym
opOznieniem, w stosunku do epizodu niedokrwiennego, poprzedzony jest
wzglednie dlugim okresem bioelektrycznej hiperaktywnosci komorek pirami-
dowych pola CA, (Suzuki i wsp. 1983b). Pobudzeniu tej grupy neuronow
towarzysza zmiany w zuzyciu glukozy (Suzuki i wsp. 1983a) i tlenu (Smiatek
1975).

Mimo nagromadzenia w pismiennictwie danych pozwalajacych na lepsze
rozumienie przyczyn poniedokrwiennego rozpadu komoérek nerwowych odcin-
ka CA , istota tego procesu nie zostala dotychczas dostatecznie poznana.
Wydaje si¢, ze w odmiennej reakcji neuronéw CA, na niedokrwienie, istotna
role moga odgrywac szczegoOlne wilasciwosci ich polaczen synaptycznych.
Opisana przez Suzuk? i wsp. (1983b) zwigkszona aktywno$¢ tych neuronow
moze wigzac si¢ ze szczegdlnym rodzajem wystepujacych tutaj synaps, a zwla-
szcza z rodzajem zawartych w nich neuroprzekaznikow. Z badan innych
autorow (Westrum, Blackstad 1962; Hamlyn 1963; Andersen i wsp. 1966)
wiadomo, ze pobudzajaca lub hamujaca funkcja polaczenia synaptycznego
znajduje swoje odbicie w morfologicznej budowie kolbki synaptycznej. Podob-
nie, ksztalt i wielkos¢ pecherzykow synaptycznych moga stanowi¢ posrednia
informacj¢ o rodzaju zawartego w nich neuroprzekaznika. Wychodzac z powy-
zszych danych w niniejszej pracy postanowiono ocenic¢ ultrastrukture potaczen
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w poszczegolnych, wyréznianych anatomicznie warstwach hipokampa leza-
cych na wysokosci odcinka CA, tj. w stratum oriens, stratum pyramidale,
stratum radiale, stratum lacunosum-moleculare i stratum moleculare.

MATERIAL I METODA

Do badan uzyto 5 zdrowych, okolo 3-miesigcznych chomikéw mongols-
kich, ktérym w narkozie eterowej wykonywano przezsercowa perfuzje al-
dehydem glutarowym. Wyjete mozgi krojono w plaszczyznie czolowej na
bloczki grubosci okoto 2 mm. Z grzbietowej czgsci formacji hipokampalnej
pobierano wycinki tkanki, ksztaltem zblizone do prostopadloscianu opartego
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z jednej strony o komor¢ boczna moézgu, a z drugiej o stratum polimorphum
zawoju zg¢batego. Nastepnie bloczki te, caly czas zanurzone w glutaral-
dehydzie, sekcjonowano za pomoca mikroskopu operacyjnego na mniejsze
fragmenty zwracajac baczna uwage, azeby kazdy z tych fragmentow zawierat
wszystkie warstwy hipokampa lacznie z wartwa komorek ziarnistych (stratum
granulosum) zawoju zg¢batego.

Tak pobrany material utrwalano dodatkowo przez 1 godz. w 2,5%
aldehydzie glutarowym, plukano w buforze kakodylanowym (1 godz.), utrwa-
lano w OsO, (1 godz.) i odwadniano w roztworach alkoholu o wzrastajacym
stezeniu i w tlenku propylenu. Z kazdego bloczka tkankowego, zatopionego
w Eponie 812, cigto skrawki polcienkie i barwiono je bigkitem toluidyny. Na
podstawie analizy struktury morfologicznej skrawkow w mikroskopie $wietl-
nym, bloczki odpowiednio trymowano i krojono je na ultramikrotomie LKB
,.NOVA” uzyskujac tym sposobem siatki z 5 kolejnych warstw zakretu
hipokampa tj. stratum oriens, stratum pyramidale, stratum radiale, stratum
lacunosum moleculare i stratum moleculare (ryc. 1). Skrawki kontrastowano
w wodnym roztworze octanu uranylu i cytrynianu otowiu. Material ogladano
i fotografowano w mikroskopie elektronowym JEOL 100 C.

WYNIKI

Stratum pyramidale. Warstwa ta jest zbudowana z gegsto obok siebie
utozonych owalnych neuronéw z duzym, okraglym jadrem wypelionym
chromatyng. Cytoplazma tych neurondéw ma obfita siateczke srodplazmatycz-
na ziarnista oraz cytoskeleton (ryc. 2). Powierzchnia komorek nerwowych
warstwy piramidowej, a takze przykomoérkowe czesci dendrytow sa gesto
pokryte synapsami, w przewazajacej mierze typu symetrycznego (ryc. 3, 4).

Wisrod synaps typu symetrycznego pokrywajacych ciala neuronéw, mozna
wyr6zni¢ powtarzajace si¢ postacie morfologiczne. Stosunkowo najczesciej
widywane sa synapsy o ksztalcie owalnym lub nieregularnym z ciemna
cytoplazma, zawierajaca liczne, drobne pecherzyki synaptyczne ksztattu okrag-
fego i owalnego, wypelnione substancja elektronowo-przezierna (ryc. 3, 4, 5)
oraz synapsy okragle lub owalne zawierajace mniejsza ilos¢ okraglych,
przeziernych pecherzykow synaptycznych, nieregularnie rozmieszczonych w ja-
snej cytoplazmie. Towarzysza im takze pojedyncze oblonione ziarnistosci
o elektronowo gestym rdzeniu oraz mitochondria (ryc. 3, 5); wigksze od

Ryc. 1. Przekroj czotowy grzbietowej czgsci hipokampa. Widoczna budowa warstwowa: so — str.
oriens, sp — str. pyramidale, st — str. radiale, s\lm — str. lacunosum moleculare, sm — str.
moleculare, sg — str. granulare. Skrawek polcienki. Blgkit toluidyny. Pow. 60 x

Fig. 1. Frontal section of dorsal part of hippocampus. Layered structure is visible: so — stratum
oriens, sp — str. pyramidale, st — str. radiale, slm — str. lacunosum moleculare, sm — str.
moleculare, sg — str. granulare. Semithin section. Toluidine blue. x 60
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Ryc. 2. Str. pyramidale. Fragmenty dwoch blisko siebie polozonych komérek piramidowych (P).

Zwraca uwage obfita ilos¢ elementéw cytoskeletonu i organelli w cytoplazmie. Pow. 15300 x

Fig. 2. Str. pyramidale. Fragments of two close-lying pyramidal cells (P). Note abundance of
cytoskeleton elements and organelles in cytoplasm. x 15300
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Ryc. 3.Str. pyramidale. Pomigdzy fragmentami dwoch komérek piramidowych (P) obecne sa dwa
typy synaps symetrycznych (S): o ciemnej cytoplazmie i o jasnej cytoplazmie z pojedynczymi
ziarnistosciami elektronowo-gestymi. Pow. 49470 x
Fig. 3. Str. pyramidale. Between fragments of 2 pyramidal cells (P) two types of symmetric
synapses (S) are visible. One of them with electron-dense cytoplasm, another one with
electron-lucent cytoplasm with singular granule with electron-dense core. x 49470
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poprzednich synapsy owalne o jasnej cytoplazmie, zawieraja rownomiernie
rozmieszczone okragle, elektronowo-przezierne pecherzyki synaptyczne oraz
pecherzyki wigksze, elektronowo-przezierne (ryc. 4, 5). W synapsach tych
widoczne s3 liczne mitochondria. Cecha charakterystyczna wszystkich postaci
synaps symetrycznych jest wystgpowanie w nich klaczkowatych wiokienek,
stanowiacych elementy cytoskeletonu.

Synapsy typu asymetrycznego leza zazwyczaj w pewnym oddaleniu od
perykarionéw neuronéw, najliczniej przylegaja do kolcow dendrytycznych.
Podobnie, duza ilo$¢ synaps asymetrycznych jest rozsiana ponad drzewkowato
rozgaleziajacymi si¢ dendrytami (ryc. 5, 6). Synapsy typu asymetrycznego maja
ksztalt nieregularny. Zawieraja one jasna cytoplazme oraz liczne, elektro-
nowo-przezierne, dos¢ rownomiernie rozmieszczone pecherzyki synaptyczne.
W synapsach asymetrycznych, zawierajacych mniej liczne i nierownomiernie
rozmieszczone pecherzyki widoczne sa rowniez delikatne wiokienka cyto-
skeletonu (ryc. 5, 6). Wystepuja one w czesSci presynaptycznej tworzac
zageszczenie w poblizu szczeliny synaptycznej.

Wsrod populacji neuronéow warstwy piramidowej spotyka si¢ mniejsze
od nich interneurony, posiadajace jadra komorkowe nieregularnego ksztattu.
Rozmieszczenie synaps oraz ich budowa, a takze ilos¢ i rozmieszczenie
organelli w interneuronach jest podobne do spotykanych w pozostalych
komorkach nerwowych warstwy piramidowej (ryc. 7).

Stratum oriens. Warstwa ta zawiera aksony i duze dendryty podstawne
komorek piramidowych, aksony komorek ziarnistych oraz zakonczenia wio-
kien nerwowych pochodzacych ze spoidla zakretu hipokampa. Znajduja si¢
tutaj takze pojedyncze interneurony, ktorych wypustki wchodza we wzajemne
migdzy soba polaczenia, a takze tworza synaptyczne zakonczenia na dend-
rytach komorek piramidowych. Dendryty podstawne tych komorek (ryc. 8)
pokryte sa duza iloscia synaps typu symetrycznego i asymetrycznego wykazu-
jacych identyczna budowg ultrastrukturalng jak synapsy w warstwie piramido-
wej (ryc. 9).

Stratum radiale utworzone jest glownie ze szczytowych dendrytéw neuro-
noéw warstwy piramidowej oraz z wiokien kolaterali Schaffera. Warstwa ta
zawiera rowniez synapsy nalezace do pojedynczo wystepujacych tu inter-
neurondéw oraz synaptyczne zakonczenia wiokien pochodzacych z zawoju
zgbatego. Zdecydowana wigkszos$¢ synaps spotykanych w str. radiale nalezy do
typu asymetrycznego (ryc. 10), jednakze na dendrytach i kolcach dendrytycz-
nych widoczne sa takze zakonczenia typu symetrycznego (ryc. 11). Budowa
morfologiczna synaps znajdujacych si¢ w str. radiale jest podobna do opisane;j
w warstwie piramidowe;.

Stratum lacunosum moleculare miesci w sobie dendryty szczytowe komorek
nerwowych warstwy piramidowej, zakonczenia niesymetrycznych widkien
spoidiowych, interneurony z ich wypustkami oraz zakonczenia wiokien kolate-
rali Schaffera. Interneurony tej warstwy lacza si¢ miedzy soba za pomoca
polaczen synaptycznych typu “‘en passage” (ryc. 12). Synapsy spotykane w str.



Sektor CA, w niedokrwieniu mézgu. 1. 461

Ryc. 4. Str. pyramidale. Fragment komorki piramidowej z dwoma typami synaps symetrycznych
(S) oraz synapsa asymetryczna (S,) na trzonie dendrytycznym (d). Pow. 49470 x
Fig. 4. Str. pyramidale. Fragment of pyramidal cell with two types of symmetric synapses (S) and
asymmetric (S,) synapse on dendritic sharfs (d).x 49470
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Ryc. 5. Str. pyramidale. Fragment wypustki dendrytycznej komérki piramidowej z duza iloscia
kontaktéw synaptycznych. Widoczne sa rézne rodzaje morfologiczne synaps symetrycznych (S)
i synapsy asymetryczne (S,). Pow. 30000 x
Fig. 5. Str. pyramidale. Dendritic sharfs of pyramidal cell densely covered with synapses. Various
morphological forms of symmetric synapses (S) and asymmetric ones (S,) are visible. x 30 000
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Ryc. 6. Str. pyramidale. We fragmencie neuropilu widoczne liczne synapsy asymetryczne (S,) na
kolcach dendrytycznych (d). W synapsach o jasniejszej cytoplazmie widoczne wiokienka cyto-
skeletonu (gwiazdki). Pow. 30000 x
Fig. 6. Str. pyramidale. In neuropil fragment numerous asymmetric (S,) synapses are seen on
dendritic spines (d). Synapses with electron-lucent cytoplasm contain filaments of cytoskeleton
(asterisks). x 30 000
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Ryc. 7. Str. pyramidale. Dwie wypustki dendrytyczne interneuronu, na ktorych widoczne sa
synapsy typu symetrycznego (S). Pow. 15300 x

Fig. 7. Str. pyramidale. Fragment of interneuron with two dendrites on which synapses of

symmetric type (S) are seen. x 15300
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Ryc. 8. Str. oriens. Fragment interneuronu (N). Dendryty podstawne (D) komérek piramidowych
gesto pokryte synapsami symetrycznymi (S) i asymetrycznymi (S,).- Widoczne sa takze przekroje
poprzeczne aksonow (ax). Pow. 15300 x
Fig. 8. Str. oriens. Interneuron fragment (N) and basal dendrites (D) of pyramidal cells densely
covered with symmetric synapses (S) and asymmetric ones (S,). Axon cross-sections profiles (ax)
also visible. x 15300
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Ryc. 9. Str. oriens. Fragment dendrytu podstawnego komorki piramidowej pokrytego duza iloscia
synaps symetrycznych (S) i asymetrycznych (S,). Pow. 30000 x
Fig. 9. Str. oriens. Basal dendrite fragment of pyramidal cell, covered with large number of
symmetric (S) and asymmetric (S,) synapses. x 30000
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Ryc. 10. Str. radiale. Na dendrytach widoczne sa synapsy symetryczne (S) i asymetryczne (S,).
Pow. 30000 x

Fig. 10. Str. radiale. On dendrites symmetric (S) and asymmetric (S,) synapses are seen. x 30 000
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Ryc. 11. Str. radiale. Na trzonie (D) i kolcach dendrytycznych (d) widoczne synapsy symetryczne
(S). Obecna réwniez synapsa asymetryczna (S,) na malym dendrycie. Pow. 49470 x

Fig. 11. Str. radiale. On dendritic sharfs (D) and spines (d) symmetric synapses (S) are visible. One
asymmetric synapse (S,) on small dendrite. x49470
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Ryc. 12. Str. lacunosum moleculare. W$rod licznych wiokien nalezacych do kolaterali Schaffera (K)
widoczne sa polaczenia akso-dendrytyczne o typie asymetrycznym (S, ) oraz synapsa “‘en passage”
migdzy wypustkami interneuronow (strzatki). Pow. 30000 x
Fig. 12. Str. lacunosum moleculare. Numerous asymmetrical synaptic (S,) contacts with axonal
endings of Schaffer’s collaterales (K), and synapses “‘en passage™ (arrows) between interneuronal

cells are present. x 30 000
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Ryc. 13. Str. moleculare. Na perykarionach dwoch neuronéw (N,, N,) widoczne dwa rodzaje
synaps — symetryczna (S) i asymetryczna (S,). Synapsa S, zaznaczona gwiazdka posiada
podwojny kontakt z perykarionem i dendrytem. Pow. 49470 x
Fig. 13. Str. moleculare. Two kinds of synapses — symmetric (S) and asymmetric (S,) are visible
on perikarya (N, N,). Synapse marked with asterisk has a double contact with the perikaryon
and a dendrite. x 49470
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Ryc. 14. Str. moleculare. Migdzy dwoma interneuronami (N) widoczne trzy synapsy: S,, S,, S,.
Synapsy S, i S, reprezentuja typ symetryczny, S, — asymetryczny. Pow. 49470 x

Fig. 14. Str. moleculare. Three synapses: S,, S,, S, are visible between two interneurons (N).
Synapses S, and S, represent the symmetric type, S, — asymmetric type.x 49470
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Im. naleza zaréwno do typu symetrycznego, jak i asymetrycznego. Ich budowa
morfologiczna nie rézni si¢ od opisanej w poprzednich warstwach.

Stratum moleculare. W tej warstwie rhigdzy dendrytami pochodzacymi od
neuronow lezacych w str. pyramidale oraz innymi elementami morfologicznymi
opisanymi poprzednio, znajduja si¢ dodatkowo zakonczenia synaptyczne
wiokien kory entorynalnej. Budowa morfologiczna synaps oraz ich lokalizacja
sa podobne, jak w warstwach opisanych wyzej (ryc. 13, 14).

OMOWIENIE

W skiad formacji hipokampalnej — formatio hyppocampi (FH) wchodzi
hipokamp wlasciwy zwany rogiem Amona — corun Ammonis (CA), zawoj
zebaty — gyrus dentatus s. fascia dentata (FD) i podpora — subiculum (Sub).
U zwierzat w FH mozna wyrézni¢ czes¢ grzbietowa lezaca w sasiedztwie
przegrody oraz czg$¢ brzuszna zawarta w placie skroniowym. Migdzy nimi
znajduje si¢ czgs¢ posrodkowa, ktora bywa okreslana jako pars posterior s.
splenialis (Witter 1986). Komorki nerwowe wchodzace w sklad FH tworza
dwa, Scisle utkane, charakterystyczne skupiska. Jedno z nich zlozone z tzw.
neurondw piramidowych tworzy rog Amona, drugie za$ uformowane z komo-
rek ziarnistych jest nazywane zawojem zgbatym. W rogu Amona wyroznia si¢
4 pola, ktore wedtug Lorente de No (1934) sa okreslane symbolami CA |, CA,,
CA, i CA,. Podzial ten dokonany na podstawie cech morfologicznych
neurondéw piramidowych oraz gestosci ich utkania, nie zawsze pozwala na
wyodrebnienie pola CA,. U wielu gatunkéw zwierzat pole to jest pomijane
w anatomicznym opisie struktury CA, aczkolwiek zawartym tutaj neuronom
przypisuje si¢ szczegélna rol¢ jako domniemanemu siedlisku wzbudzania
rytmicznych impulséw (Miles i wsp. 1984). Charakterystyczny ksztalt rogu
Amona i zawoju zgbatego, a takze orientacja wypustek komorek piramido-
wych i ziarnistych pozwalaja na wyodregbnienie w formacji hipokampalne;j
kilku warstw. Na przekrojach czotowych grzbietowej czesci FH warstwy te sa
ulozone w nastepujacej kolejnosci: str. oriens, str. pyramidale, str. radiale, str.
lacunosum moleculare, str. moleculare, str. granulare i str. polimorphum.
W niniejszej pracy ultrastruktur¢ potaczen synaptycznych 5 kolejnych warstw
badano tylko w tych ich ezgsciach, ktore swoim zasiggiem odpowiadaty Scisle
obszarowi pola CA,. Obok zasadniczych skupisk neuronéw piramidowych
i ziarnistych w strukturze hipokampalnej wystgpuja rowniez inne typy komo-
rek nerwowych nazywanych powszechnie interneuronami. Ich morfologiczne,
histochemiczne i fizjologiczne cechy zostaly opisane przez Buzsaki (1984).
Interneurony spotyka si¢ wsrod utkania komorkowego rogu Amona, zawoju
zebatego, a takze w innych warstwach formacji hipokampalnej, przy czym
najliczniejszym ich siedliskiem jest str. oriens (Gasanow, Melikow 1986).
Wigkszos¢ interneuronow nalezy prawdopodobnie do ukladu gabaergicznego
aczkolwiek w FH odkryto takze peptydoergiczne komorki nerwowe. Wigk-
szo$¢ z nich ze wzgledu na znaczne morfologiczne podobienstwo do neuronow
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gabaergicznych jest zaliczana do klasy interneuronow (Leranth, Frotscher
1983; Nunzi i wsp. 1985). Dzigki zastosowaniu metod immunohistochemicz-
nych okreslono Scisle lokalizacje komorek peptydoergicznych, a taze dokona-
no ich podziatu na grupy w zaleznosci od rodzaju posiadanego neuropeptydu.
Takim sposobem stwierdzono, ze neurony zawierajace cholecystokining (CCK)
sa zlokalizowane w str. oriens, str. pyramidale i str. radiale (Nunzi i wsp. 1985).
Ich synaptyczne zakonczenia sa widoczne na perykarionach, na szczytowych
i podstawnych dendrytach komorek piramidowych, a takze na innych inter-
neuronach. Oprocz CCK wykryto jeszcze takie neuropeptydy jak: wazoaktyw-
ny polipeptyd jelitowy (VIP), substancje P, neurotensyng, metioning-enkefaling
i somatotensyn¢ (Roberts i wsp. 1984). Interneurony zawierajace VIP sa
zlokalizowane w str. radiale i str. moleculare pola CA |, somatotensyn¢ w str.
oriens, natomiast neurotensyng, substancj¢ P i metionino-enkefaling w str.
moleculare. Stwierdzono rowniez, ze wymienione wyzej neuropeptydy dzialaja
pobudzajaco na komorki piramidowe (Emson 1979; Zieglgansberger i wsp.
1979; Kelly, Dodd 1981; Tielen i wsp. 1981).

Klasyczna kwalifikacja pgcherzykow synaptycznych oraz zakonczen ner-
wowych w ukltadzie nerwowym krggowcow zostala przeprowadzona przez
Uchizono (1965) i Bodiana (1966). Wedlug tych autorow hamujaca lub
pobudzajaca funkcja synaps jest ScisSle zwiazana z ksztaltem pecherzykow
synaptycznych wypetniajacych kolbke synaptyczna. Zgodnie z tym pogladem
obecnos$¢ pecherzykow okraglych, elektronowo-przeziernych charakteryzowa-
fa synapsy pobudzajace okreslane czgsto symbolem ,,S”’. Pecherzyki splasz-
czone rowniez elektronowo-przezierne wskazywaly natomiast na hamujacy
charakter czynnos$ci synaptycznej. Synapsy te okreslano symbolem ,F”.
Woczesniejszy podzial dokonany przez Gray’a (1959) wyrdznial synapsy asy-
metryczne — pobudzajace — zaliczane do typu I i synapsy symetryczne
— hamujace — zaliczane do typu II. Zgodnie z opisem struktury mikroskopo-
wo-elektronowej pola CA | rogu Amona dokonanym przez Westruma i Blacks-
tada (1962), Hamlyna (1963) oraz Andersena i wsp. (1966) synapsy typu
I Gray’a sa zlokalizowane na kolcach i gladkich powierzchniach dendrytow
podczas gdy synapsy typu II sa rozmieszczone na perykarionach komorek
piramidowych.

W przeprowadzonych przez nas badaniach we wszystkich warstwach
formacji hipokampalnej lezacych na poziomie odpowiadajacym obszarowi
pola CA, spotykano synapsy asymetryczne i symetryczne. Wsrod tych
ostatnich ze wzgledu na odmienna budowe morfologiczna mozna bylto
rozr6zni¢ trzy postacie: synapsy posiadajace kolbki wypelnione okraglymi
i owalnymi, elektronowo-przeziernymi pecherzykami, nalezace prawdopodob-
nie do grupy synaps gabaergicznych. Przemawia za tym ich morfologiczne
podobienstwo do synaps komorek koszyczkowych, w ktorych przekaznikiem
jest kwas gamma-aminomastowy. W drugiej wyroznianej przez nas postaci
kolbki synaptyczne zawieraly elektronowo geste ziarnistosci sugerujace przy-
nalezno$¢ tych synaps do systemu cholinergicznego. Najliczniej spotykana
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postacia synaps symetrycznych byly zakonczenia wypustek interneuronow
peptydoergicznych. Tak wigc mimo zachowania charakterystycznej budowy,
synapsy symetryczne nie moga by¢ jednoznacznie rozpatrywane jako hamuja-
ce. Istotna funkcja tych synaps zalezy od rodzaju zawartego w nich neuro-
przekaznika. Opisane przez nas postacie symetrycznych kolbek synaptycznych
wystepuja we wszystkich warstwach przynaleznych polu CA . Przylegaja one
do perykarionu komorek piramidowych, a takze dendrytow i kolcow dend-
rytycznych. Podobna lokalizacj¢ wykazuja réwniez synapsy niesymetryczne.

Stwierdzona przez nas u chomika mongolskiego obecnos¢ zréznicowanych
morfologicznie postaci synaps symetrycznych nie byta dotychczas opisywana
w pracach innych autoréow (Westrum, Blackstad 1962; Hamlyn 1963; Andersen
i wsp. 1966), zajmujacych si¢ ultrastrukturalng budowa pola CA, rogu
Amona. Nasze spostrzezenia uzupetniaja tez badania Andersena i wsp. (1966),
ktorzy synapsy symetryczne stwierdzali tylko na somie neuronoéw, podczas gdy
w naszym materiale znajdowano je takze na powierzchni gladkiej dendrytow
i na kolcach dendrytycznych.

EFFECT OF SHORT-TERM ISCHEMIA ON ULTASTRUCTURE
OF GYRUS HIPPOCAMPI

I. ULTRASTRUCTURE OF CA, SECTOR OF AMMON’S HORN WITH SPECIAL
REFERENCE TO THE STATE OF ITS SYNAPTIC CONTACTS

Summary

Ultrastructure of synapses in hippocampus of normal Mongolian gerbil was studied.
Investigations included the following layers of the CA, sector of Ammon’s horn: stratum oriens,
stratum pyramidale, stratum radiale, stratum lacunosum moleculare, stratum moleculare. In all
layers studied synapses of symmetric and asymmetric type were observed. Occurrence of three
morphological forms of synapses of symmetric type was found. These synapses were present both
on somata as well as on dendrites sharfs and dendritic spines. The function of synapses and
hypothesis concerning inhibitory role of symmetric type synapses are discussed.

BJIUSIHUE KPATKOBPEMEHHOW UIIEMHWUU HA VJIbTPACTPYKTYPY U3BUJIUHBI
TUITTIIOKAMIIA ¥ MOHI'OJIBCKHUX IMECYAHOK.

YACTS 1. VIIbTPACTPYKTYPHASL XAPAKTEPUCTHUKA CEKTOPA CA,
AMMOHOBA POT'A C OCOBBIM YVYETOM KAPTHUHbI CUHAIITUYECKUX CBS3EN

Pesome

UccnenoBanack yabTaCTpyKTypa CHHANTHYECKHX CBS3e B TIHMINOKAaMIE HHTAKTHBIX
MOHI'OJIbCKHX TIECYaHOK B OT/JENbHBIX closix cektopa CA | : stratum oriens, pyramidale, radiale,
lacunosum-moleculare, moleculare. Bo Bcex uccieoBaHHBIX CI0sSX 0OGHAPYXEHBI CHMMETPHYHbIE
H HeCHMMeTpHuHble cHHanchl. CyniecTBeHHBIM HabmroneHWeM sOisieTcs Haxoaka Tpex
MOpP}OIOrHYeCKHX BUAOB CHMMETPHUYHbBIX CHHATICOB. DTH CHHAICHI HMMEIOTCH KaK HAa MEPHKOPHOHE
TaK M Ha AEHIPHTAX M JCHAPHTHYeCKHX mmnukax. O6cyxnaercs Taxkxke GyHKIHS 3THX CHHATCOB
M THHOTE3a O TOPMO3HOM (YHKIMH CHMMETPHYHBIX CHHAICOB.
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Several epidemiological studies have revealed, that the mortality and
incidence rates of cerebral stroke in the United States and in many European
countries were markedly lower in 1966 and 1967, in comparison with the data
from the previous decade (Lew 1973). Similar observations concern the
comparison of years 1968 and 1978, showing the decline of mortality and
incidence rates in the USA, especially in the age group between 65 and 85
years. Despite of this, cerebral stroke still remains the third most frequent
cause of death in males at ages above 65 years (Posner et al. 1984). A similar
decreasing trend in mortality and incidence rates of stroke was described in the
last decades in Japan and in Israel (Ueda et al. 1981; Tanaka et al. 1982;
Epstein, Zaaroor 1982).

Many probable explanations of the observed decrease in mortality caused
by the cerebral vascular diseases are under discussion. One of the possible
factors might involve change in the frequency of the particular types of stroke
(cerebral infarct versus cerebral hemorrhage) (Kramer et al. 1982).

No detailed data concerning temporal trends in types of stroke have been
available in Poland, it seemed therefore rational to perform the present studies.
Any correspondence between the changes in the frequency of ischemic or
hemorrhagic stroke, on the one hand and definite external risk factors, on the
other, may provide keys for stroke prophylaxis especially in the field of health
education. The data available from studies in other countries cannot be
directly projected to Poland, because different risk factors connected with
a different life style, dietary habits and different level of health education may
determine the epidemiological situation in various regions.

The diagnosis of stroke type based exclusively on clinical and laboratory
data, before the area of contemporary imaging techniques, was often so
erroneous that it was of very limited value for classification of stroke types in
epidemiological studies (Wender et al. 1981; Tanaka et al. 1982; Wender 1983).
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The difficulties in study of trends in course of decades have been aggrevated by
changes in clinical terminology, which frequently even failed to consider the
pathomorphology of stroke. Thus, current knowledge of temporal trends in
the types of cerebral vascular diseases should be based on autoptic material,
which provides the best possibility to distinguisch between ischemic and
hemorrhagic stroke.

MATERIAL AND METHODS

The investigation was conducted on the territory of Poznan district. All
records, accessible in pathology and forensic medicine departments of the
district, concerning persons who died at the age of more than 20 years between
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Fig. 2. Trends in types of stroke in autoptic material divided into subgroups: who died at an age
exceeding 49 years and at age of 20—49 years

Ryc. 2. Trendy typow udaréw moézgu w materiale autopsyjnym z podzialem na podgrupy wg
wieku: zmarlych w wieku powyzej 49 lat i pomigdzy 20 i 49 rokiem zycia

1922 and 1985 were analyzed. The material was investigated in two ways. Data
obtained from records, starting from the year 1925 at 5-year imervals were
evaluated statistically. Because of lacking records from the time of World War
IT the year 1939 was analyzed instead of 1940. The second approach, presented
in Figs 1 and 2 concerns data taken jointly for 5 consecutive years.

In evaluation of autoptic records special attention was focused on
differentiation of stroke into two categories: ischemic and hemorrhagic stroke.
The cases in which the autoptic record indicated a pale infarct (infarctus
pallidus v. encephalomalacia pallida), hemorrhagic infarct (infarctus haemor-
rhagicus v. encephalomalacia haemorrhagica) or mixed infarct (primarily pale,
secondarily hemorrhagic- one) were included in the first class. Cases with

Fig. 1. Trends in types of stroke in autoptic material on the territory of Poznan district

Ryc. 1. Trendy typow udaréw mézgu w materiale autopsyjnym z terenu wojewodztwa poznan-
skiego
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primary cerebral or subarachnoid bleeding were included into the second
group of hemorrhagic stroke. Pathogenically distinct sub- and epidural
hematomas, infarcts and hemorrhages evoked by primary or metastatic
neoplasmatic processes, cranio-cerebral trauma, acute intoxication or post-
shock syndromes were excluded from analysis.

Upon analysis of autoptic records by a team of neurologists efforts were
made to determine, whether ischemia or hemorrhage were the primary lesion in
the sequence of events. For example, subarachnoid hemorrhages were inculded
into the group of hemorrhagic stroke even if they were followed by formation
of cerebral infarcts.

Localization of pathologic changes was also registered with cathegorization
into the following topographic subgroups: cerebral hemispheres with basal
ganglia, brain stem (mesencephalon, pons and medulla oblongata) and
cerebellum. Localization of the principal lesion, without consideration of small
coexisting changes in other brain structures was decisive for the classification.

RESULTS

Analysis of stroke types in the autoptic material from Poznan district
demonstrated the over helming predominance of hemorrhages as compared
with ischemic stroke between 1925 and 1955. The only exception involved the
year 1950, in which slightly more infarcts (55.2%) than cerebral bleedings
(44.8%) were established. Starting from the year 1970, in all years ischemic
prevailed over hemorrhagic stroke. The differences proved statistically sig-
nificant at p < 0.001. The detailed results are presented in Table 1.

The presentation of stroke types in persons deceased at an age exceeding 49
years (Table 2) shows an almost identical temporal trend as in the total
material. In years 1925 to 1965 hemorrhagic stroke was more frequent than
infarcts, with the exception of years 1930 and 1950, in which the proportions of
both types of cerebrovascular disease were almost identical. In the following
years (1970 to 1985), infarcts were more frequent than hemorrhagic strokes.
The differences proved statistically significant (p<0.001).

The epidemiologic situation was different in persons, who died at the age of
20—49 years, in which with exception of one year only (1950) the percentage
of cerebral hemorrhages was greater than that of infarcts. The results are
presented in Table 3.

The ratio of ischemic to hemorrhagic stroke in males (Table 4) and in
females (Table 5) resembled the respective ratio calculated for the total
material. In both subgroups the ratio of infarct to hemorrhage frequencies
underwent inversion in the year 1970. The differences are also significant
(p<0.01).

Localization of brain infarcts, showing a marked preference for the
cerebral hemispheres including basal ganglia and a more rare occurrence in
brain stem and in cerebellum showed no changes in the studied decades (Table
6).
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Stroke epidemiology : 481

Table 1. Trends in types of stroke in autoptic material on the territory of Poznan district (total)
Tabela 1. Trendy czasowe typow udaréw mozgu w materiale autopsyjnym na terenie wojewodztwa
poznanskiego (ogoélem)

Total number Number of autopsies Percentage Percentage
Year of analysed in cerebral vascular of cerebral of
autopsies diseases infarcts hemorrhages
Liczba Liczba sekcji Odsetek
’ T Odsetek
Rok analizowanych w chorobach rozmigkan e
S ] : L krwotokow
sekcji ogotem naczyniowych moézgu mozgu
1925 420 14 28.6 71.4
1930 406 11 36.4 63.6
1935 545 11 18.2 81.8
1939 362 13 154 84.6
1945 381 5 20.0 80.0
1950 1114 29 552 4.8
1955 1618 71 324 67.6
1960 937 61 43 55.7
1965 1626 98 40.8 : 59.2
1970 2005 147 56.5 43.5
1975 2742 263 57.0 43.0
1980 2295 196 61.2 38.8
1985 1779 133 57.1 429
Thest 16230 1052 52.1 479
Razem
Test chi? mlf)) —49.13

Critical value of chi? distribution: chi? (0.05) — 21.03
Wartos¢ krytyczna rozkladu chi?: chi? (0.01) — 26.22
Posxtlgn .of mgrvtjncance — p<0.001

Pozycja istotnosci
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Table 2. Trends in types of stroke in autoptic material of persons who died at age exceeding 49
years on the territory of Poznan district
Tabela 2. Trendy czasowe typow udaréw moézgu u osob zmarlych w wieku powyzej 49 lat
w materiale autopsyjnym na terenie wojewodztwa poznanskiego

Niks Number of analysed Percentage of Percentage of

autopsies cerebral infarcts hemorrhages
Rok Liczba sekcji Odsetek Odsetek

analizowanych rozmigkan mozgu krwotokow

1925 14 28.6 71.4
1930 8 50.0 50.0
1935 8 12.5 87.5
1939 11 18.2 81.8
1945 3 33.3 66.7
1950 24 50.0 50.0
1955 54 37.0 63.0
1960 44 47.7 52.3
1965 82 41.5 58.5
1970 116 63.8 36.2
1975 224 61.2 38.8
1980 - 163 66.3 33.7
1985 113 62.0 38.0
FT°“‘1 864 56.5 435
Test chi? zzzlf ;) = .77

Critical value of chi? distribution: chi? (0.05) — 21.03
Warto$¢ krytyczna rozktadu chi?: chi? (0.01) — 26.22
iosm(')n 'of SIgn’lf?cance — p <0001

ozycja 1stotnosci
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Table 3. Trends in types of stroke in autoptic material of persons who died at age of 20 —49 years
on the territory of Poznan district
Tabela 3. Trendy czasowe typow udarow mozgu u osob zmartych w wieku 20—49 lat w materiale
autopsyjnym na terenie wojewodztwa poznanskiego

Yoad Number of analysed Percentage of Percentage of

autopsies cerebral infarcts hemorrhages
Rok Liczba sekcji Odsetek Odsetek

analizowanych rozmigkan mozgu krwotokow

1925 0 0.0 0.0
1930 3 0.0 100.0
1935 3 333 66.7
1939 2 0.0 100.0
1945 2 0.0 100.0
1950 5 80.0 20.0
1955 17 17.6 824
1960 17 35.3 64.7
1965 16 37.5 62.5
1970 31 29.0 71.0
1975 39 33.3 66.7
1980 33 36.4 63.6
1985 20 30.0 70.0
::21111 188 319 68.1
Test chi? zf::lc)) = 1374

Critical value of chi? distribution: chi? (0.05) — 21.03
Warto$¢ krytyczna rozkladu chi?: chi? (0.01) — 26.22
Posnm?n 'of sngnllfjlcance — p <005

Pozycja istotnosci
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Table 4. Trends in types of stroke in autoptic material of males on the territory of Poznan district
Tabelu 4. Trendy czasowe typow udarow mozgu u mezczyzn w materiale autopsyjnym na terenie
wojewodztwa poznarniskiego

Wi Number of analysed Percentage of i Percentage of
autopsies cerebral infarcts hemorrhages
Rok Liczba sekcji Odsetek Odsetek
analizowanych rozmigkann mozgu krwotokow
1925 1 0.0 100.0
1930 5 40.0 60.0
1935 8 25.0 75.0
1939 5 0.0 100.0
1945 3 333 66.7
1950 15 533 46.7
1955 38 28.9 71.1
1960 21 47.6 52.4
1965 40 35.0 65.0
1970 74 52.7 473
1975 132 54.5 45.5
1980 97 59.8 40.2
1985 79 53.2 46.8
RT°‘a’ 518 50.0 50.0
. (calc)
2 =
Test chi o) 28.45

Critical value of chi? distribution: chi? (0.05) — 21.03
Wartos¢ krytyczna rozkladu chi?: chi? (0.01) — 26.22
Position of significance

Be &
Pozycja istotnosci p <0.01
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Table 5. Trends in types of stroke in autoptic material of females on the territory of Poznan district
Tabela 5. Trendy czasowe typow udaréw moézgu u kobiet w materiale autopsyjnym na terenie
wojewoOdztwa poznanskiego

Number of analysed Percentage of Percentage of
Year : .
autopsies cerebral infarcts hemorrhages
Rok Liczba sekcji Odsetek Odsetek
analizowanych rozmigkan mozgu krwotokow
1925 11 36.4 63.6
1930 6 %333 66.7
1935 3 0.0 100.0
1939 8 25.0 75.0
1945 2 0.0 100.0
1950 14 $7.1 429
1955 33 36.4 63.6
1960 42 40.5 59.5
1965 58 448 5522
1970 73 60.3 39.7
1975 131 59.5 40.5
1980 99 62.6 37.4
1985 54 63.0 37.0
o 534 54.1 459
Razem

., (calc.)
2 —
Test chi (obl). = 31.16

Critical value of chi? distribution: chi? (0.05) — 21.03
Wartos¢ krytyczna rozktadu chi?: chi? (0.01) — 26.22
Position of significance:

Pozycja istotnosci: — p<0.01
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Table 6. Trends in localization of cerebral infarcts in autoptic material on the territory of Poznan
district
Tabela 6. Trendy czasowe lokalizacji rozmigkan moézgu w materiale autopsyjnym na terenie
wojewoOdztwa poznanskiego

s Number of analysed Brain hemispheres Brain stem Cerebellum
autopsies (in %) (in %) (in %)

Rok Liczba sekcji Potkule mozgu Pieri mozgu Mozdzek

analizowanych w %) w %) w %)
1925 4+ 75.0 25.0 0.0
1930 4 100.0 0.0 0.0
1935 2 100.0 0.0 0.0
1939 2 100.0 0.0 0.0
1945 1 100.0 0.0 0.0
1950 16 93.8 6.3 0.0
1955 23 100.0 0.0 0.0
1960 21 100.0 0.0 0.0
1965 40 95.0 2.5 2!y
1970 83 96.4 3.6 0.0
1975 150 94.6 4.7 0.7
1980 120 90.8 6.7 2.5
1985 76 97.4 1.3 1=
g:zf; 548 94.9 4.0 11
Test chi? E‘::l‘;'_) = 2.66

Critical value of chi? distribution: chi? (0.05) — 21.03
Warto$¢ krytyczna rozkladu chi?: chi? (0.01) — 26.22
Posmc.m .of sxgrfnftlcance: — p<005

Pozycja istotnosci:
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Table 7. Trends in localization of hemorrhagic strokes in autoptic material on the territory of

Poznan district

Tabela 7. Trendy czasowe lokalizacji udarow krwotocznych w materiale autopsyjnym na terenie

wojewodztwa poznanskiego

Number Brain Brain Subarachnoid
. Cerebellum
Year of analysed hemispheres stem (n %) space
autopsies (in %) (in %) (in %)

Rok Liqba g l:no:)l;;:f mplc'):;u M"’i‘f“k podp:i::is;rll—zev?kowa

analizowanych W %) W %) (w %) W %)
1925 10 90.0 10.0 0.0 0.0
1930 7 28.6 14.3 429 14.3
1935 9 100.0 0.0 0.0 0.0
1939 11 63.6 18.2 0.0 18.2
1945 4 75.0 0.0 0.0 25.0
1950 13 92.3 76l 0.0 0.0
1955 48 87.5 2.1 0.0 10.4
1960 34 76.5 39 29 14.7
1965 58 79.3 12.1 0.0 8.6
1970 64 85.9 31 1.6 9.4
1975 113 Tl 52 29 16.8
1980 76 75.0 7.9 39 132
1985 57 68.4 53 53 21.0
T 504 7.7 6.3 28 132
Razem

., (calc.)
2 -
Test chi (ob). ™ 58.57

Critical value of chi? distribution: chi? (0.05) — 21.03
Warto$¢ krytyczna rozktadu chi?: chi? (0.01) — 26.22

Position of significance
Pozycja istotnosci

p<0.01
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Hemorrhagic stroke was also localized with highest frequency in cerebral
hemispheres. On the other hand, the relative frequency of subarachnoid
hemorrhage varied markedly in individual years. The variations showed no
evident pattern in time (Table 7).

DISCUSSION

The attempt to clarify the causes of declining stroke incidence and
mortality is a key issue in epidemiology of cerebral stroke and carries high
practical significance. Its importance has been stressed by the results of
epidemiological studies demonstrating that stroke mortality decreased in the
USA by 37% between 1968 and 1978 (Posner et al. 1984). Solution of the
problem, even if partial, might promote prophylaxis against acute vascular
diseases of the brain. However, cerebral stroke represents a clinical syndrome,
not a morbid entity of definite etiology and pathogenesis. Therefore, frequency
determinations for more precisely defined, even if etiologically still diversified,
principal classes of cerebral stroke, i.e. for ischemic and hemorrhagic stroke,
may promote analysis of causes of these syndromes.

In monographs of the subject Wylis (1972) and Kuller (1978) express the
view, that analysis of temporal trends in types of cerebral stroke has shown,
that the relative ratio between hemorrhages and infarcts is changing with
increasing frequency of the latter. The reviews included several clinical and
pathological reports, of different objective value. It should be also added that
even some, more recently published papers present results which are not fully
compatible with the above presented conclusions.

The following reports of principal importance for the issue deserve
attention. Yates (1964) established on grounds of autoptic data from three
hospitals in Manchester and starting from the year 1955, a decreasing number
of deaths caused by cerebral hemorrhages, with reciprocal increase in number
of brain infarcts. In the period between 1949 and 1967, a decrease in mortality
due to intracerebral hemorrhages and an increase in the number of death
certificates with diagnosis — subarachnoid hemorrhage have been noted in
Canada. This seems to have resulted only from changes in diagnostic
terminology after recognition of different etiology of primary intracerebral and
subarachnoid hemorrhages (Gordon 1966). Similarly, the decreases in the
number of diagnoses of cerebral thrombosis in favour of unspecified cerebral
vascular disease, noted by Kramer et al. (1982), seems to reflect only a change
in diagnostic standards.

Garraway et al. (1983) have thorughly studied trends in the epidemiological
situation in the field of cerebral vascular diseases in Rochester, Minnesota. The
authors found no striking differences in the proportion of various stroke types
upon examination of clinical, CT-scan and autoptic data. The only exception
involved the variable ratio of cerebral thrombosis to subarachnoid hemorrhage
incidence, noted when comparing the data from years 1970—1974 and
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1975—1979. Change in the ratio reflected mainly an increase in the number of
subarachnoid hemorrhages.

In our own studies, performed in Poznan district and based exclusively on
autoptic material, we noted an inversion of the ischemic to hemorrhagic stroke
ratio at the beginning of the seventies, whereas in the earlier studied period,
starting from the twenties, cerebral hemorrhages dominated, in the years
1970 — 1985 ischemic stroke has been noted more frequently.

Autopsies were performed only in some cases of death, and in a variable
proportion of the cases in individual years. Therefore, the question may be
raised as to the value of the analyzed material for understanding events
concerning the total incidence and mortality in cerebral vascular diseases. We
express the opinion that autoptic material is unsufficient for conclusions as to
the absolute number of cerebral hemorrhages and infarcts, but we see no
reason to suggest that this limitation should influence the ratio of hemorrhagic
to ischemic stroke in fatal cases of cerebrovascular diseases. However, we are
aware of the fact, that, as regards the incidence of particular stroke types, the
pathological data provide grounds to conclude only about the epidemiological
situation concerning severe cases of cerebral stroke, in which the incidence is
only twice as high as the mortality rate.

The basic question arises as to the cause of the decrease in mortality due to
cerebral stroke. The positive correlation between the decrease in total
mortality, on the one hand, and the relative diminution of hemorrhagic stroke,
on the other, seems to provide an important clue. It is generally known, that in
patients with cerebral hemorrhages the rate of fatal outcome is the highest
among all types of cerebral stroke. Therefore, a decrease in incidence of
hemorrhagic stroke should be followed by a decrease in total mortality due to
cerebral vascular diseases.

Hypertension plays an important pathogenic role in both basic types of
stroke: ischemic and hemorrhagic. However, its role is significantly greater in
the pathomechanism of cerebral bleeding. Therefore, the assumption should
be accepted that the growing efficacy of hypertension therapy may, at least in
great part, explain the decreasing rate of intracerebral hemorrhages (Tanaka et
al. 1982; Garraway et al. 1983; Whisnant 1984). This seems applicable both to
Poland and to other countries in which similar time trends have been noted in
the epidemiology of cerebral stroke. Nevertheless, it cannot be excluded that
partial elimination of other risk factors by changes in life style including
dietary habits, also play an important role in shaping positive trends observed
in the epidemiology of cerebral stroke.

CONCLUSIONS
1. Ratios of cerebral stroke types, noted in autoptic material from Poznan

district points to prevalence of hemorrhagic over ischemic stroke in 1922 to
1964.
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2. Beginning with 1970 and in all subsequent years ischemic has been more
frequent than hemorrhagic stroke.

3. Inversion of the ratio of ischemic to hemorrhagic stroke occurring in the
early seventies has been noted in the total autoptic material, in the age group
above 49 years, and also in the subgroups of males and females.

4. Brain infarcts and hemorrhages showing marked preference to cerebral
hemispheres including basal ganglia, have not changed their localization in the
analysed decades.

5. Effective therapy of arterial hypertension seems to constitute the
principal factor responsible for the lower frequency of cerebral hemorrhages
and this should orient the development of prophylactic measures.

TRENDY CZASOWE TYPOW UDAROW MOZGU
W MATERIALE AUTOPSYJNYM

Streszczenie

Przeprowadzono analizg stosunku typéw udaréw moézgu w materiale autopsyjnym na terenie
wojewoOdztwa poznanskiego w przedziatach 5-letnich. Badania epidemiologiczne wykazaly w la-
tach od 1922 do 1965 przewage odsetkowa udaréw krwotocznych nad udarami niedokrwiennymi.
Poczynajac od 1970 r. we wszystkich analizowanych latach wystgpuje zdecydowanie wyzszy
odsetek udaréw niedokrwiennych niz udaréw krwotocznych.

Inwersja wzajemnego stosunku udaréw niedokrwiennych i krwotocznych wystepujaca w po-
czatkach lat siedemdziesiatych dotyczy tak ogotu udaréw mozgu, grupy wiekowej powyzej 49 roku
zycia, podgrupy mezczyzn, jak i kobiet. U 0sob zmartych w wieku 20 —49 lat, z wyjatkiem dwoch
analizowanych lat (1950 i 1981) we wszystkich innych wyraznie przewazaja krwotoki mézgowe
nad zawalami.

Lokalizacja zawaléw i krwotokoéw mozgu, wykazujaca zdecydowana przewage liczbowa
w potkulach moézgu, lacznie z jadrami podstawy, nie wykazala uchwytnych zmian w analizowa-
nych latach. W poszczegblnych latach rozny byt stosunek procentowy krwotokéw podpajeczynow-
kowych do catoéci udaréw krwotocznych. Nie mozna tu jednak uchwyci¢ jakiego$ okreslonego
trendu czasowego.

Podstawowym czynnikiem wplywajacym na obnizenie liczby krwotokéw moézgowych wydaje
si¢ by¢ skuteczna terapia nadci$nienia tgtniczego, co winno wyznacza¢ kierunek dziatan profilak-
tycznych.

3ABUCUMBIE OT BPEMEHM TEHJAEHLIUU B IMOABJIEHMU PA3HBIX THUITOB
MO3IrOBbIX UHCVYJIBTOB B CEKLIMOHHOM MATEPHAJIE

Pe3ome

IMpoBeeH aHaMM3 COOTHOLICHHS MEXAYy THINAMH HHCYJbTOB MO3ra B CEKIIMOHHOM
MaTepHase NMO3HAHbCKOW 06J1acTH 3a S5-TeTHWH TepHoa. DNMHIEMHOJIOTHYECKHE HCCIIEI0BAHHS
obHapyxuiu, 4To B neproa ¢ 1922 no 1965 rr remopparuyeckue MHCYJIbThl Mpeobiananu Haa
uieMuyeckuMi. Hauunas ¢ 1970 roma. BO Bcex NpPOAHAJIM3MPOBAHHBIX TOJAX HaiaeH
CYLIECTBEHHO OOJIbLUIMH MPOICHT HINCMHYECKMX MHCY/IbTOB, 4YeM reMopparuyeckux. Musepcus
COOTHOLIECHHS HIIEMMYECKHX M TIE€MOpPpPAru4ecKMx MHCYJbTOB, TpOSBHUBIIASCA B Hauaje
CEMHJIECATBIX FOJIOB, KACAETCS KAaK BCEX MHCYJIbTOB MO3ra B BO3pacToil rpymne jojei crapiie 49
rojia, Tak ¥ MOATPYNI MYXYHH M XEHIUMH. Y ymepiuux B Bo3pacte 20—49 sieT, 3a HCKIIOYEHHE
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JBYX MccaenoBaHubiX JeT (1950 u 1981), Bo Bcex OCTasIbHBIX MO3rOBbIE KPOBH3/THSIHHS OTYETJIHBO
npeobianarot Haa uwHbapktamu. Jlokanu3anns WHGApKTOB MO3ra W KPOBOW3JIMSHHMA, IPOSB-
JIfoUIas YETKOE KOJIMYECTBEHHOE Npeobiajanne B MOJyLIAPUsIX MO3ra BMECTE C MOAKOPKOBBIMH
TaHTJIMAMH, He OOHApYyXHJIa B MCCJIE/IOBAHHBIC TO/Ibl BBHIPAXKEHHBIX M3MEHEHWA.

B oTaenbHbIE rOaBI TNPOLUECHTHOE OTHOULICHHUE cy6apaxnonnanbnux KpOBOH3JIHSIHHﬁ KO BCEM

reMOpparu4ecKiM MHCYJIbTaM ObUIO pa3HbiM. OHAKO, KaKO#-TMOO ONpeesieHHON TEeH/ICHIUH
CBSI3aHHOM C MEPHOJIOM BPEMEHH, HE BBISBIICHO.

OCHOBHBIM q)axropom, BJIMAKOIIIAM HA NMOHHXCHHE KOJIMYECTBA MO3rOBBIX KpOBOHZ!ﬂHSIHHﬁ,

SBJISIETCS, NO-BHAUMOMY, 3pdeKTHBHAS Tepamus apTepHaJbHOW TMIEPTOHHM, H 3TO JOJDKHO
onpeensTh HamnpaBleHHEe MPO(HUIAKTHYECKAX MEPOTPHSTHIA.

12,
33,
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Stosowane obecnie techniki immunocytochemiczne pozwalaja, dzigki uzy-
ciu swoistych przeciwcial poli- i monoklonalnych, na ujawnienie okreslonych
typow komorek, antygenow lub ich epitopoéw zaréwno powierzchniowych, jak
i srodcytoplazmatycznych. Umozliwia to dokladniejsza oceng procesu patolo-
gicznego, weryfikacje dotychczasowych informacji oraz ich znaczne poszerze-
nie. Wyniki badan nad rozbiorka martwicy i reakcja gleju astrocytarnego
w zawale moézgu naleza do podstawowych wiadomosci w klasycznej neuro-
patologii.

Mozliwos¢ przeprowadzenia badan immunocytochemicznych, na utrwalo-
nym w formalinie materiale sekcyjnym, sklonila nas do oceny immunoreak-
tywnosci antygenow tkanek nerwowych w wybranych przypadkach udarow
niedokrwiennych mozgu czlowieka. Wydawalo si¢ szczegolnie interesujace
okreslenie immunoreaktywnosci kwasnego wiokienkowego biatka glejowego
(GFAP) i zasadowego biatka mieliny (MBP) oraz udzialu w procesie rozbior-
kowym zawalu komorek krwiopochodnych na podstawie ich immunocytoche-
micznych znacznikéw takich jak, gamma-lizozym i alfa-1-antytrypsyna.

.MATERIAL 1 METODY

Badania przeprowadzono na mozgach 5 chorych zmarlych w przebiegu
niedokrwiennego udaru moézgu, w wieku 50, 60, 83, 87 lat. Sekcje ogolna
wykonywano do 24 godz. po zgonie. Dane kliniczne i wyniki badan podano
w tabeli 1. Bloki tkankowe pobrane z ognisk zawalowych oraz z odpowiednich
okolic przeciwleglej potkuli, traktowanej jako kontrola, utrwalono w 10%
zbuforowanej formalinie i zatapiano w parafinie. Skrawki parafinowe bar-
wiono rutynowo hematoksyling i eozyna oraz wedlug metod PAS, Kliive-

** Praca wykonana w ramach CPBP 06.02.
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Tabela 1. Material
Table 1. Material

R— Vo Ok.res. N?dc.ié- Przyczyna z’gonu Mlazclzyca Badanie makroskopowe moézgu
przypadku lata przezycia nienie sekcja ogolna naczyn moézgu
Case Age Survival Hyper- Cause of death Brain vessels Bl groes—examidiation
number years time tension  postmortem exam. arteriosclerosis
zakrzepica Zawal krwotoczny w obszarze unaczynienia t. mozgu srod-
1 12 dni tt. ptucnych kowej prawej. Obrzgk
50 + ++
pulmonary arte- Hemorrhagic infarct in vasculariz. area of right middle
59/82 12 days ries thrombosies cerebral artery. Edema
Liczne jamy poudarowe w obszarze unaczynienia t. mozgu
2 3 lata zawal m. serca srodkowej lewej. Obrzek
60 e +++
Multiple postapoplectic cavities in vasculariz. area of left
72/76 3 years cardiac infarct middle cerebral artery. Edema
Zawal blady w obszarze unaczynienia t. mozgu srodkowej
3 11 dni zawal m. serca prawej.
87 + +++
Ischemic necrosis in vasculariz. area of right middle cere-
112/73 11 days cardiac infract bral artery
Zawal blady w obszarze unaczynienia t. mozgu srodkowej
4 15 dni zator t. plucnej prawe;j.
87 + +
Ischemic necrosis in vasculariz. area of right middle cere-
15/76 15 days pulmonary embolism bral artery
Zakrzep t. szyjnej wew. lewej. Zawal krwotoczny w ob-
D 35 dni zapalenie pluc szarze unaczynienia t. mozgu srodkowej lewej. Obrzek
83 - +
i B 7 - I |  Left internal carotid thrombosis. Hemorrhagic infarct-left
63/78 35 days pneumonia hﬂ'tp'//ru'n'org'p middle artery. Edema
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Immunocytochemia zawalu moézgu 495

ra-Barrery oraz PTAH. Dodatkowo celem uwidocznienia kwasnego wiokien-
kowego biatka glejowego (GFAP) i zasadowego biatka mieliny (MBP)
zastosowano technike immunoperoksydazy posredniej wedlug Sternbergera
i wsp. (1970). Nacieki krwiopochodne oceniano za pomoca przeciwcial
przeciwko gamma-lizozymowi oraz alfa-1-antytrypsynie — znacznikom komo-
rek histiocytarnych (McCombe i wsp. 1985; Kochi, Budka 1987).

Material przeznaczony do badan immunohistochemicznych poddawano
kolejnym inkubacjom, poczatkowo z surowica normalng $wini (1:100) przez
1 godz. w celu wygaszenia nieswoistego tla, a nastgpnie przez noc z nizej
wymienionymi przeciwcialami pierwotnymi rozcienczonymi odpowiednio:
GFAP (1:3000, Dakopatts, Hamburg, RFN), MBP (1:1500, Sigma, St. Louis,
USA), gamma-lizozym (1:1000, Dakopatts, Hamburg, RFN) i alfa-1-antytryp-
syna (1:1000, Dakopatts, Dania). Nast¢pnie po plukaniu w PBS skrawki
inkubowano po 45 min z przeciwcialami $wini skierowanymi przeciwko
globulinom kroélika (1:50, Dakopatts, Dania) oraz kompleksem peroksyda-
zy-antyperoksydazy (1:200, Dakopatts, Dania). Reakcj¢ immunohistochemicz-
na uwidoczniono, umieszczajac preparaty w 0,05% roztworze diaminobenzy-
dyny (Sigma, USA) z dodatkiem 0,01% H,O,. Po skontrastowaniu hemato-
ksyling i odwodnieniu w roztworach etanolu o wzrastajacym st¢zeniu, prepara-
ty zamykano za pomoca DePeX (Serva, RFN).

WYNIKI

Badanie histopatologiczne

We wszystkich przypadkach w obszarach otaczajacych ogniska zaréwno
martwicy rozplywnej, znajdujacej si¢ w roznych fazach procesu rozbior-
kowo-organizacyjnego, jak i nie wykazujacej zadnego odczynu komorkowego
(przyp. 59/82 1 63/78) stwierdzano pomnozenie gleju astrocytarnego z obecnos-
cig postaci przerostych i gemistocytow. Na obrzezu bezodczynowych ognisk
martwicy i pol martwicy niezupeilnej widoczny byt niekiedy dos¢ waski obszar
tkanki zawierajacy liczne makrofagi, proliferujace naczynia oraz pomnozone
komorki astrogleju. Zmiany te odgraniczaly pola niedokrwienia od tkanek
otaczajacych. We wzglednie dobrze zachowanych obszarach tkanki, otaczaja-
cych $wieze ogniska niedokrwienia i wykazujacych cechy martwicy niezupelnej,
proliferacja gleju astrocytarnego byla bardzo nasilona. Jedynie w przypadku
72/76, w ktorym udar mézgowy mial miejsce 3 lata przed zgonem chorego,
w bardzo znacznie rozluznionych tkankach otaczajacych jame¢ po rozmigkaniu,
-reakcja glejowa byla nieco mniejsza.

Badania immunocytochemiczne

Kwasne wiokienkowe biatko glejowe.

We wszystkich przypadkach w pokrytych makrofagami obszarach mart-
wicy rozpltywnej (ryc. 1) i martwicy bezodczynowej (ryc. 2) oraz w polach
przesigku (ryc. 3) nie stwierdzono reakcji GFAP. Ostra granica dodatniego

5 — Neuropatologia Polski 4/88 http //rC'n Org . pl
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Ryc. 1. Przyp. 5. GFAP. Rozplem gleju astrocytarnego w obszarze martwicy niezupeinej,
otaczajacej ognisko rozplywnej martwicy warstwowej w korze mozgu. Pow. 125x
Fig. 1. Case 5. GFAP. Astroglial proliferation within an area of selective necrosis, sourrounding
colliquative laminar necrosis in the cerebral cortex. x 125

Ryc. 2. Przyp. 1. GFAP. Przeroste astrocyty w tkankach otaczajacych obszar bezodczynowej
martwicy w korze mézgu. Pow. 250 x
Fig. 2. Case 1. GFAP. Reactive astrocytes within tissues, sourrounding nonreactive necrotic
cortical area. x 250

odczynu GFAP wyznaczala obszar mniej uszkodzonych tkanek. Niekiedy
wsrod bardzo licznych makrofagow widoczne byly naczynia, otoczone re-
sztkami zachowanego utkania moézgu, w ktorym widoczne byly komorki
astrogleju (ryc. 4).

W polach martwicy niezupelnej, otaczajacej obszary martwicy rozptywnej,
obserwowano liczne silnie wybarwione przeroste astrocyty i gemistocyty.
Dodatni odczyn immunocytologiczny z kwasnym biatkiem wiokienkowym
gleju obserwowano zaréowno w perykarionach astrocytéw, jak i w ich
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Ryc. 3. Przyp. 5. GFAP. Gemistocyty w warstwie drobinowej kory, przyleglej do obszaru
przesigku naczyniowego. Pow. 500 x
Fig. 3. Case 5. GFAP. Gemistocytes within molecular cortical layer adjacent to accumulation of
vascular transudate. x 500

Ryc. 4. Przyp. 4. GFAP. Gemistocyty w okolonaczyniowej wysepce zachowanej tkanki w obszarze
martwicy rozptywnej. Pow. 250 x
Fig. 4. Case 4. GFAP. Gemistocytes of perivascular “island” of preserved tissue within focus of
colliquative necrosis. x 250

wypustkach. Proliferacja gleju gwiazdzistego z tworzeniem postaci przerostych,
uwidoczniona w obrazach immunohistochemicznych, byla szczeg6lnie nasilona
w obszarach martwicy niezupelnej w przypadkach o krotkotrwalym przebiegu.
Niekiedy stopien proliferacji i uklad komorek gwiazdzistych, zwlaszcza przy
naczyniach, byly podobne do spostrzeganych w nowotworach (ryc. 5).
Szczegolnie wydatna reakcja GFAP wystgpowala w duzych okraglych lub
owalnych ciatach przerostych astrocytéw i gemistocytow (ryc. 6). Nierow-
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Ryc. 5. Przyp. 5. GFAP. Okotonaczyniowe nagromadzenie gemistocytow w polu martwicy
niezupelnej. Pow. 250 x
Fig. 5. Case 5. GFAP. Perivascular gemistocytes within a field of selective necrosis. x 250

Ryc. 6. Przyp. 6. GFAP. Gemistocyty w polu martwicy niezupelnej w warstwie drobinowej kory
mozgu. Pow. 500 x
Fig. 6. Case 6. GFAP. Gemistocytes within a field of selective necrosis of molecular cortical
layer. x 500

nomiernie rozmieszczone, roznej grubosci wypustki wykazywaty cechy klaz-
matodendrozy (ryc. 6, 7). We wspomnianym uprzednio przypadku 72/76,
z 3 letnim przezyciem chorego po udarze mozgowym, w ktorym rozplem gleju
w rozluznionym otoczeniu jamy po rozmi¢kaniu byl znacznie mniejszy (ryc. 8),
wystgpujace w tym obszarze astrocyty byly male, a ich obkurczone pery-
kariony nierzadko wykazywaly dziwaczne ksztalty (ryc. 8, 9). Ich bardzo
nierbwnomiernie rozlozone grube wypustki nasuwaly skojarzenie z wioknami
Rosenthala (ryc. 9). Podobne wypustki obserwowano, zreszta takze w innych
przypadkach (ryc. 6). Zréznicowany obraz pol martwicy niezupeilnej w po-
szczegOlnych przypadkach utrudnial poréwnanie rozplemu astrogleju i wy-
gladu przerostych astrocytow w tych samych strukturach anatomicznych
moézgu roznych przypadkow. Zwracala jednak uwage szczegélnie nasilona
proliferacja z wybitnym odczynem gemistocytarnym w warstwie drobinowe;j
kory (ryc. 3, 10), przyleglej do martwicy. W sasiadujacej z ogniskami martwicy
istocie bialej obserwowano dwa rodzaje reakcji: umiarkowana proliferacje
astrocytow z bogata populacja przerostych komorek i nielicznymi gemis-
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Ryc. 7. Przyp. 5. GFAP. Gemistocyty w obszarze martwicy niezupelnej kory. Objawy klaz-
matodendrozy. Pow. 500 x
Fig. 7. Case 5. GFAP. Gemistocytes within an area of selective cortical partial necrosis. Evident
features of klasmatodendrosis. x 500

Ryc. 8. Przyp. 2. GFAP. Brzeg jamy poudarowe;j (istota biala), 3 lata po udarze. Nikly odczyn
astrocytarny. Pow. 250 x
Fig. 8. Case 2. GFAP. Margin of postapoplective cavity (white matter), 3 years after ischemic
stroke. Weak astrocytic reaction. x 250

tocytami (ryc. 11), lub tez z bogata reakcja gemistocytarna podobna do
wystepujacej w warstwie drobinowej kory. Wystgpujace tu gemistocyty charak-
teryzowaly si¢ silnie wybarwionymi, duzymi perykarionami i nieregularnymi
grubymi, czgsto niesymetrycznie rozmieszczonymi wypustkami. Wsrod nich
widoczne byly liczne jadra astrogleju, ktorym nie towarzyszyta cytoplazma
z dodatnim odczynem immunocytologicznym (ryc. 12). W korze oddalonej od
ognisk martwicy reakcja GFAP miala niewielkie nasilenie. Przewazala ona
w warstwie drobinowej i byla wyraznie zaakcentowana w granicznej blonie
glejowej (ryc. 13).

Zasadowe biatko mieliny.

W ogniskach martwicy immunoreaktywnos¢ zasadowego biatka mieliny
byta wyraznie zredukowana. Obszar ubytku aktywnosci byt ostro odgraniczo-
ny od otaczajacych zachowanych tkanek (ryc. 14a). Niekiedy niewielka reakcja
immunocytochemiczna widoczna byla w makrofagach na granicy ogniska
martwicy. W tkankach otaczajacych ognisko martwicy obraz odczynu MBP
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Ryc. 9. Przyp. 2. GFAP. Martwica niezupelna istoty bialej. Bardzo grube, nieréwnomiernie
roztozone wypustki gemistocytow. Pow. 500 x
Fig. 9. Case 2. GFAP. Partial necrosis of the white matter. Very thick, irregularly spread
gemistocytic processes. x 500

Ryc. 10. Przyp. 4. GFAP. Reakcja gemistocytarna w warstwie drobinowej kory przyleglej do
ogniska martwicy rozptywnej. Pow. 250 x
Fig. 10. Case 4. GFAP. Gemistocytic reaction within molecular cortical layer adjacent to focus of
colliquative necrosis. x 250

wskazywal na fragmentacje wlokien mielinowych. Rozkiad immunoreakty-
wnosci MBP odpowiadal topografii reakcji GFAP.

Znaczniki histiocytarne.

W barwieniu z uzyciem przeciwcial przeciwko gamma-lizozymowi oraz
alfa-1-antytrypsynie intensywna, widoczna juz makroskopowo, reakcje stwier-
dzono w obszarach, w ktorych nie wykrywano antygenow GFAP i MBP (ryc.
14b). W tkankach, ocenionych w barwieniu hematoksyling-eozyna jako
niezmienione, i charakteryzujacych si¢ dodatnia reakcja na GFAP i MBP,
odczyn ujawniajacy obecnos¢ znacznikoéw histiocytarnych byl ujemny. Al-
fa-1-antytrypsyna wybarwiala obszar niedokrwienia intensywniej (ryc. 14c)
gamma-lilozym (ryc. 14d). Ocena mikroskopowa pozwalala na stwierdzenie, ze
intensywna reakcja immunocytochemiczna zwlaszcza z alfa-1-antytrypsyna
wystepowata zarowno w licznych makrofagach, jak i w formie dyfuzyjnej
w obszarach martwicy niezupeinej, wykazujacych nikly lub catkowicie ujemny
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Ryc. 11. Przyp. 4. GFAP. Gemistocyty istoty bialej w poblizu ogniska martwicy rozptywnej. Pow.
500 x
Fig. 11. Case 4. GFAP. White matter gemistocytes in the neighborhood of focus colliquative
necrosis. x 500

Ryc. 12. Przyp. 2. GFAP. Gemistocyty i liczne jadra astrocytow bez otaczajacej cytoplazmy
w obszarze martwicy niezupelnej istoty bialej. Pow. 500 x
Fig. 12. Case 2. GFAP. Gemistocytes and numerous astrocytic nuclei without cytoplasmic rim
within focus of partial necrotic white matter. x 500

odczyn na GFAP i MBP. Barwienie z uzyciem przeciwcial skierowanych
przeciwko gamma-lizozymowi uwidocznilo wybitng reaktywnos$¢ licznych
komorek histiocytarnych, potozonych w tkance znajdujacej si¢ w poczatkowej
fazie rozbiorki. SzczegoOlnie intensywny odczyn obserwowano w okolicy
naczyn krwiono$nych. Makrofagi w obszarach martwicy rozptywnej wykazy-
waly reakcje znacznie mniej nasilona. Szczegoélnie duzo dodatnich komorek
zernych stwierdzono w sasiedztwie wybroczyn krwotocznych.
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e

Ryc. 13. Przyp. 1. GFAP. Warstwa drobinowa w zachowanej czgsci kory moézgu. Wyraznie
dodatnia reakcja zewnetrznej granicznej blony glejowej. Pow. 250 x
Fig. 13. Case 1. GFAP. Molecular layer of relatively well preserved cortex. Distinct positive
reaction of superficial glial limiting membrane. x 250

e

- l4a .w

Ryc. 14a-14d. Przyp. 4. Kolejne skrawki makroskopowe wskazujace: zasigg i intensywnos¢ reakgji
MBP (ryc. 14a), GFAP (ryc. 14b), alfa-1-antytrypsyny (ryc. 14c) oraz gamma-lizozymu (ryc. 14d)
w ognisku niedokrwienia. PAP. Pow. 1 x
Fig. 14a-14d. Case 4. Successive macroscopic slices showing: extension and intensity of MBP (Fig.
14a), GFAP (Fig. 14b), alpha-1-antitrypsin (Fig. /4c) and gamma-lysosym (Fig. /4d) reactions

within ischemic focus. PAP. x 1

&

&

OMOWIENIE

Analiza odczynéw immunocytochemicznych stwierdzonych w przedstawio-
nych przypadkach zawaln mézgu o zréznicowanym zaawansowaniu procesu
patologicznego, jego natgzeniu i obrazie patomorfologicznym pozwala na
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oceng zachowania kwasnego wiokienkowego biatka glejowego oraz antygeno-
wych znacznikow histiocytarnych w obszarach martwicy zupelnej o r6znym
charakterze oraz w polach martwicy niezupeinej potozonych zarowno w korze
moézgu, w tym przede wszystkim w jej warstwie drobinowej, jak i w istocie
biate;j.

W obszarach martwicy zarowno rozplywnej, znajdujacych si¢ w réznych
fazach procesow rozbiorkowych, jak i bezodczynowej reakcja ujawniajaca
obecnos¢ kwasnego wiokienkowego biatka glejowego byla ujemna. Obszary te
byly ostro odgraniczone od tkanek otaczajacych, a w ich obrebie wystgpowat
silny odczyn immunocytochemiczny na gamma-lizozym i alfa-1-antytrypsyne.
Na szczegolne podkreslenie zastuguje brak reakcji GFAP w polach bezod-
czynowej martwicy, mimo utrzymanych w jej obrgbie zarysow komorek
nerwowych i jader glejowych. Zjawisko to $wiadczy o catkowitym braku
reaktywnosci astrocytow. Wydaje si¢ iz nalezy je traktowac jako wykladnik
znacznego uszkodzenia gleju gwiazdzistego. Niedokrwienie, poprzez uaktyw-
nienie fosfolipazy A,, prowadzi do glebokiego uszkodzenia bton komor-
kowych (Jesse, Franson 1979). Zaburzenie w przepuszczalnosci blon komor-
kowych i przenikanie jonow wapnia do komorek astrogleju moga prowadzi¢
do proteolizy, stanowiacej czynnik uszkadzajacy filamenty glejowe (De Ar-
mond i wsp. 1983). Uwaza sig, ze z tym zwiazana jest obnizona reakcja GFAP
astrocytow kory mozgu w encefalopatii watrobowej (Kretzschmar i wsp.
1985). Podobny mechanizm moze wystgpowaé rowniez w ogniskach niedo-
krwienia mozgu. Poréwnanie immunoreaktywnosci na GFAP z immunoreak-
tywnoscia na gamma-lizozym i alfa-1-antytrypsyne wykazalo rozlegla dyfuzyj-
nga reakcj¢ antygenowych znacznikoéw histiocytarnych w obszarach martwicy
bezodczynowej, nie wykazujacych reakcji GFAP i nie zawierajacych makro-
grafow. Wskazywa¢ to moze na uszkodzenie bariery krew —mozg i krwio-
pochodne nasigkanie obszaru martwicy enzymami proteolitycznymi. Stanowia
one, by¢ moze, dodatkowy czynnik uszkadzajacy komorki gwiazdziste. Istnieje -
réwniez mozliwos¢, ze martwica bezodczynowa wykazujaca dodatnia reakcje
lizozomalng stanowi wstgpny etap rozwoju ogniska martwiczego, trwajacy
roznie dlugo u poszczegélnych chorych w zaleznosci od stopnia uszkodzenia
bariery krew—mozg. W tym kontekscie udzialu komorek histiocytarnych
mozna byloby spodziewa¢ si¢ w kolejnym etapie procesu patologicznego tzn.
w fazie rozbiorki. Nie wiadomo natomiast, czy uszkodzenie astrogleju w opisa-
nym obszarze ma charakter odwracalny i czy w miarg uptywu czasu dochodzi
do proliferacji z powstawaniem odczynowych postaci astrocytow.

Wybitnie dodatnia reakcj¢ GFAP obserwowano w obszarach martwicy
niezupeinej warstwy drobinowej kory, przylegajacych do ognisk martwicy
zupelnej. Obecne tu przeroste astrocyty i gemistocyty wykazywaly bardzo
znaczny odczyn wystgpujacy zarowno w cialach komorek, jak i ich wypust-
kach, nasilenie reakcji bylo podobne do obserwowanego w chorobie Wilsona
(Mossakowski, Weinrauder 1986). Wydaje si¢ jednak, ze spotykane czgsto
astrocyty o dziwacznych ksztattach ciala komorkowego i asymetrycznie
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potozonych, pofaldowanych i poskrgcanych grubych wypustkach moga wska-
zywa¢ na postepujace zwyrodnienie przerostych postaci astrogleju., Wiokna
Rosenthala sa, by¢ moze, wypustkami takich wlasnie komorek.

W istocie bialej przyleglej do martwicy na tle podobnego podloza zaobser-
wowano zarowno gemistocyty podobne do wystgpujacych w warstwie drobi-
nowej, jak mniejsze i delikatniejsze przeroste postaci astrocytow. Odczyn na
GFAP byl zblizony w obu typach komorek. Nasuwa si¢ pytanie, czy roznica
w ilosci kwasnego witokienkowego biatka glejowego zalezy od postepujacej
w czasie proliferacji astrocytow czy od niedostrzegalnej by¢ moze, roznicy
w nasileniu zmian w podlozu, czy tez wreszcie od roznych mozliwosci
wytwarzania kwasnego biatka nawet w obrgbie jednego rodzaju komo-
rek —astrocytow wioknistych. W omawianych obszarach istoty bialej zwracata
przy tym uwage znaczna ilo$¢ pozbawionych odczynu GFAP astrocytow
potozonych wsrod licznych gemistocytow. Kwasne wiokienkowe biatko glejo-
we pojawia si¢ w okresie roznicowania komorek gwiazdzistych (Duffy 1982;
Beria, Lascano 1985). W dojrzalym astrogleju obecne jest ono zaréwno
w astrocytach protoplazmatycznych jak wioknistych (Eng i wsp. 1971),
przewazajac w tych ostatnich (Ludwin i wsp. 1976). Astrocyty protoplaz-
matyczne wykazuja obecnos¢ GFAP jedynie w formach reaktywnych (Big-
nami, Dahl 1976). Charakter odczynu immunocytochemicznego GFAP utat-
wia okreslenie rodzaju komorek w nowotworach glejowych (Duffy i wsp. 1977;
Choi, Anderson 1985; Zang Xu i wsp. 1985; Dickson i wsp. 1986), rozpoznanie
roznicowe nowotworoéw (Deck i wsp. 1978; Krajewski i wsp. 1986) oraz
ustalenie stopnia ich zlosliwosci (Szymas 1985). W s$wietle tych danych
powstaje pytanie, czy brak odczynu GFAP w astrocytach w obszarach
martwicy niezupelnej nalezy wiaza¢ z brakiem reakcji ze strony tych komorek,
czy tez z obecnoscia komorek miodych, w ktorych kwasne biatko widkienkowe
jest jeszcze niemozliwe do uwidocznienia. Wobec znacznej proliferacji astro-
gleju w okolicach otaczajacych ogniska martwicy, druga mozliwo$¢ wydaje si¢
bardziej prawdopodobna. Na podstawie przeprowadzonych badan wydaje sig,
ze metody immunocytochemiczne pozwalaja na dokladniejsza, niz klasyczne
barwienia komoérkowe, oceng stadiow rozwoju i procesu organizacji ogniska
martwicy. Dane dotyczace reaktywnosci komorek i tkanek poszerzaja zakres
wiadomosci, uwazanych w neuropatologii klinicznej za klasyczne.

GLIAL FIBRILLARY ACIDIC PROTEIN AND HISTIOCYTIC MARKERS
IN SOME CASES OF HUMAN BRAIN INFARCT

Summary

Immunocytochemical characterization of the astroglial and phagocytic cell reaction was done
in 5 cases of subjects deceased at the age of 50, 60, 83 and 87 years with a diagnosis of ischemic
brain damage. Methods against GFAP, and hematogenous histiocytic markers, namely, alp-
ha-1-antitrypsin and gamma-lysosyme, were used.

Within nonreactive or coagulative necrotic tissue with marked diffuse immunoreactivity for
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histiocytic markers, GFAP and MBP reactions were not noted. Within colliquative necrotic lesions
there were no GFAP and MBP reactions, a great number of alpha-l-antitrypsin and gam-
ma-lysosyme-positive cells were visible. In the partially necrotic areas sourrounding the col-
liquative necrotic focus, a distinct proliferation of GFAP-positive cells with gemistocytic forms
took place. An especially clear GFAP reaction occurred within the cortical molecular layers. In
partially necrotic white matter numerous gemistocytes as well as GFAP-negative astrocytes were
found. It is not known whether negative GFAP cells are young forms of astrocytes or another type
of astroglial cells. Immunocytochemical investigations are useful in evaluation of human brain
infarct.

KUCJIBI ®UBPUJIJISIPHBIN BEJIOK (GFAP) U TUCTUOLIMTAPHBIE TIOKA3ATEJIU
B HEKOTOPBLIX CIIVUYAAX UHO®APKTA MO3I'A YEJIOBEKA

Pe3ome

IpoBeneHa HMMYHOIIMTOXHMHYECKAs OLEHKA ACTPOTJIHAJILHON M (HaroMTapHO# KIETOYHOM
peakuuu B 5 ciayvasx y mofed ymepmnx B Bospacte 50, 60, 83 u 87 ner ¢ auarso3om
HIIEMHYECKOro MHCYIbTa. Mcnonp3oBanmce MeToabl ¢ anTuTenamu npotus GFAP, ocHoBHOro
Genka muenuHa (MBP) W rHCTHONMTApPHBIX MapKepoB.

B apeakTHBHO# MJIM KOAryJIsTHBHOM HEKPOTHHYECKOH TKaHM C 3aMETHOIH PacrpoCcTpaHEHHON
HMMYHOPEAKTHBHOCTHIO Ha FMCTHOIMTAPHbIC Noka3aTenu, peakuus Ha GFAP u MBP otcyrter-
BOBasia. B owarax KOJJTMKBAIIMOHHOTO HCKPO3a. B KOTOPBIX HE Obl10 peakiuu Ha GFAP u MBP
Habmonanock GOJbILIOE KOMMYECTBO KJIETOK peardpyrolux Ha ajbda-1-aHTUTPHUICHMH ¥ ram-
Ma-JIM303UM. B HENMOJIHOCTBIO HEKPOTHUYECKH M3MEHEHHBIX TKAHSX, OKPYXAIOUIMX OYar KOJUIHK-
BaTHBHOTO HEKpo3a, oOHapyxeHa nmpoiudepauus pearupyroumx Ha GFAP rMsiabHBIX KJIETOK
M HX reMHCTOIMTapHBIX (opMm. OcobGeHHO oTyeT/IMBas peakuus Obula OOHapyXeHa B MoJe-
KYJIADHOM CJIo€ KOpbl MO3ra.B ouarax HemoJgHOro Hekposa Gesoro BemiecTBa ObUTH BHAHBI Kak
TEMHCTOLMTBI, Tak W He pearupyromme Ha GFAP xuetku actporsmu. SBasiotcs sm He
pearupytomie Ha GFAP kjeTkn MOJIOABIMH KJIE€TKAMH ACTPOTJIMH, MJIH Xe€ 3TO JAPYroW THN
aCTPOLMTOB, HE U3BECTHO. MMMYHOIMTOXHMHYECKHE MCCIIEIOBAHUS MOJIE3HBI B OLEHKE HHpapKTa
MO3ra 4eJioBeKa.
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Quinolinic acid (QUIN) belongs to a group of excitatory amino acids
exerting a potent neurotoxic effect (Stone, Connick 1985). The excitatory effect
of QUIN is probably mediated via activation of a subpopulation of N-met-
hyl-D-aspartate (NMDA) receptors (Stone et al. 1987). This compound
represents an endogenous neurotoxin derived in the kynurenine metabolic
pathway found in both animal and human brains (Wolfensberger et al. 1983;
Moroni et al. 1984). A significant increase of the QUIN-synthesizing enzyme
activity, 3-hydroxyanthranilic acid oxygenase, recently documented in several
brain areas in Huntington’s disease patients (Schwarcz et al. 1987) seems to
support the previously suggested role of QUIN in the pathogenicity of this
disorder (Schwarcz et al. 1984b; Heyes et al. 1985). Moreover, the vulnerability
of the hippocampal formation to QUIN and acute convulsions observed after
intrahippocampal injections of high doses of QUIN in animals designates also
QUIN as a possible pathogen in temporal lobe epilepsy (Foster et al. 1983;
Stone, Perkins 1984; Stone et al. 1987).

Previously performed morphological studies showed an axon-sparing
character of QUIN-induced brain lesions with selective vulnerability of
particular brain areas (Schwarcz et al. 1983; Perkins, Stone 1983). However,
morphological alterations were found only in adult animals, whereas immature
brain tissue remained unaffected (Foster et al. 1983; Whetsell, Schwarcz 1983).

The present study was undertaken to examine in tissue culture conditions
the direct effect of QUIN on the hippocampal formation, known to be
sensitive to QUIN in vivo (Stone, Perkins 1984) in order to evaluate the pattern
of QUIN induced neurotoxicity in the process of development and maturation.
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MATERIAL AND METHODS

Organotypic cultures of hippocampal formations were prepared from
2—3-day-old Wistar rats. Briefly, hippocampi from both cerebral hemispheres
were dissected out under sterile conditions and placed into a pool of Eagle’s
Minimal Essential Medium (MEM). The blocks of hippocampal tissue were
coronally cut into thin slices, put on collagen-coated glass coverslips and
covered with two drops of nutrient medium. The cultures were maintained in
Maximow double coverslip assemblies at 36.5° C. The nutrient medium,
renewed twice weekly consisted of 25% human serum and 75% MEM
supplemented with glucose to a final concentration of 600 mg%. The cultures
were regularly observed in living state by light microscopy.

Selected cultures grown in standard conditions, after 10, 14 and 20 days in
vitro (DIV), at the stage of differentiation when numerous synaptic contacts of
various type are present (Matyja, Kida 1988), were exposed for 24 h to
a nutrient medium supplied with QUIN in a concentration of 10~ 3M. Control
cultures were kept in standard conditions. After 24 h of incubation with QUIN
some of the experimental as well as control cultures were fixed for light
microscopy and stained with cresyl violet, meanwhile the other cultures were
processed for electron microscopy. These 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 counterstained with uranyl acetate and lead citrate and examined
in a JEM 100B electron microscope.

RESULTS

By light microscopy in all experimental groups of cultures (10, 14, 20 DIV)
examined 24 h after exposure to QUIN no distinct morphological alterations
could- be noticed as compared with control cultures maintained in standard
conditions. The neuronal organization and morphological characteristics of
particular neurons visible in the explants seemed intact. Neither did the glial
cells present in the explants and outgrowth zone exhibit any morphological
changes.

Electronmicroscopic examination, however, revealed distinct ultrastruc-
tural alterations in mature, 21 DIV hippocampal cultures.

In 10 DIV hippocamapal cultures examined 24 h after QUIN treatment no
ultrastructural alterations could be detected. The nerve cells including both
pyramidal and granule cells as well as glial cells were not damaged. The
neuropil showed no abnormalities.

In 14 DIV cultures examined after exposure to QUIN neuronal cells of all
distinguished types were undamaged and retained the same ultrastructural
characteristics as the neurons observed in control cultures of the hippocampus
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at the same stage of development in vitro (Fig. 1). Glial cells were also well
preserved. In the neuropil, a mild swelling and clearing of some of the nerve
cell processes was found. Axon processes and terminals were unchanged as
compared with control cultures.

Fig. 1. Pyramidal basket cell in 15 DIV hippocampal culture, 24 h after QUIN application. Well
preserved organelles and nucleus. Typical, parallel arrangement of granular endoplasmic reticulum
channels (oblique arrows), internuclear rods (arrowheads) and dense bodies (straight ar-
rows). x 2400
Ryc. 1. Piramidowy neuron wstawkowy w 15-dniowej hodowli hipokampa 24 godz. po podaniu
kwasu chinolinowego. Zachowane organelle komorkowe i jadro. Charakterystyczne, rownolegle
ukiady kanalow siatki ziarnistej (strzalki skosne), wtrety jadrowe (groty strzalek) oraz ciala geste
(proste strzaltki). Pow. 2400 x

Hippocampal cultures maintained for 20 DIV and examined 24 h after
QUIN treatment revealed distinct structural alterations involving neuronal cell
somata and their processes. Among all neuronal cell types only pyramidal cells
were affected, granule cells showed preservation of their ultrastructural pattern
(Fig. 2). The alterations of pyramidal cells, including pyramidal-basket cells,
varied in severity from cell to cell and involved only a certain number of them;
the other pyramidal neurons remaining intact. Some of the affected pyramidal
cells showed only mild swelling of the mitochondria and patchy clumping of
polyribosomes in the cell cytoplasm leaving small, electron-lucent areas of the

- cell soma deprived of ribosomes (Fig. 3). In the other cells affected, swelling of
the majority of mitochondria, numerous small vesicles and dense bodies could
be seen, however the cell cytoplasm in these neurons was still very rich in
cytoorganelles (Fig. 4). Axon terminals visible in their proximity or contacting

http://rcin.org.pl



510 E. Kida, E. Matyja

Fig. 2. Well preserved granule cell in 21 DIV culture 24 h after exposure to QUIN. x 6000

Ryc. 2. Zachowana komorka ziarnista w 21-dniowej hodowli hipokampa 24 godz. po podaniu
kwasu chinolinowego. Pow. 6000 x

e

mitochondria (m), regional clumping of the polyribosomes (arrows) with concomitant elec-
tron-lucent areas of the cell cytoplasm (X). x 6000
Ryc. 3. Piramidowy neuron wstawkowy w 21-dniowej hodowli 24 godz. po podaniu kwasu
chinolinowego. Obrzmiate mitochondria (m) 1 skupienia polirybosomow (strzatki) z wytworzeniem
elektronowo-jasnych pél w cytoplazmie (X). Pow. 6000 :
http://rcin.org.pl
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Fig. 4. Pyramidal neurons in 21 DIV culture 24 h after exposure to QUIN. Swollen and condensed
mitochondria (m), vacuoles (v) and dense bodies (arrows). Intact axo-somatic contacts (oblique
arrows). x 2400
Ryc. 4. Komérki piramidowe w 21-dniowej hodowli 24 godz. po podaniu kwasu chinolinowego.
Obrzmiale oraz ciemne mitochondria (m), wakuole (v) oraz ciala geste (strzatki). Prawidlowo
zachowane synapsy akso-somatyczne (strzatki skosne). Pow. 2400 x

these cells were intact. The most severely disturbed nerve cells were charac-
terized by an abundant, swollen, electron-lucent cell cytoplasm containing only
few, damaged organelles (Fig. 5). The ribosomes were dispersed, only very few
of them attached to the channels of endoplasmic reticulum. The mitochondria
were characterized by a dense matrix sometimes with disrupted cristae. A few,
enlarged channels of endoplasmic reticulum could be seen. In the other
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Fig. 5. Pyramidal neuron in 21 DIV culture 24 h after QUIN application. Swollen cell cytoplasm,
dispersed ribosomes, vacuoles (v), dilated channels of granular endoplasmic reticulum (gr) and
condensed mitochondria (m). Satellite glial cell (S).x 4800
Ryc. 5. Komorka piramidowa w 21-dniowej hodowli 24 godz. po podaniu kwasu chinolinowego.
Obrzmiala cytoplazma, rozsiane rybosomy, poszerzone kanaly siatki ziarnistej (gr), ciemme mito-
chondria (m). Glej satelitarny (S). Pow. 4800 x
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affected nerve cells in addition numerous small vacuoles were observed. Even
in these cells the nucleus was well preserved.

In the neuropil, axon processes and terminals showed no distinct ultra-
structural alterations. Axon terminals contained variable amounts of synaptic
vesicles, some of them densely packed (Fig. 6), others randomly scattered or
accumulated near the presynaptic membrane, similarly to the pattern of axon
terminals organization observed in the control cultures. Some dendritic
processes, however, showed distinct structural alterations, not encountered in
control cultures of the hippocampus. Some of the large dendrites visible in the
explants showed enormous swelling and marked destruction of organelles with

Fig. 6. Fragment of neuropil of 21 DIV culture 24 h after exposure to QUIN. Well preserved axon
terminal (A) filled with numerous small, round synaptic vesicles surrounded by glial cell processes
(G), one of which contains a bundle of gliofilaments (gf). x 9000
Rycs 6. Fragment neuropilu 21-dniowej hodowli 24 godz. po podaniu kwasu chinolinowego.
Prawidlowo zachowane zakonczenie aksonalne (A) wypehnione licznymi ‘matymi, okragltymi
pecherzykami synaptycznymi otoczone wypustkami glejowymi (G), z ktorych jedna zawiera
peczek wiokienek glejowych (gf). Pow. 9000 x

preservation of only few polyribosomes, conspicuously swollen mitochondria
and single microtubules (Fig. 7). Other dendritic processes were slightly
swollen, clear and contained damaged mitochondria, single microtubules and
vacuoles. A diminution and disarrangement of microtubules in the dendritic
shafts was a constant feature as compared with their organization observed in
control cultures (Fig. 8a,b, c). Some of dendritic expansions besides normal
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Fig. 7. Electron-lucent, swollen dendritic process (D) in 21 DIV culture 24 h after QUIN
application with short disarranged microtubules (thick arrows), few ribosomes (thin arrows) and
damaged mitochondrium (m). Intact axon terminals (A). Dense bodies in the adjacent glial
processes (db). x 6000
Rye. 7. Elektronowo jasna, obrzmiata wypustka dendrytyczna (D) w 21-dniowej hodowli 24 godz.
po podaniu kwasu chinolinowego z krotkimi, beztadnie utozonymi mikrotubulami (grube strzatki),
pojedynczymi rybosomami (cienkie strzatki) i uszkodzonym mitochondrium (m). Prawidiowe
zakonczenia aksonalne (A). Ciata geste w wypustkach glejowych (db). Pow. 6000 x

Fig. 8. Dendritic profiles in control and experimental 21 DIV hippocampal cultures. x 9 000.
a — Control culture with axo-dendritic contact (oblique arrow). Numerous parallel arrays of
microtubules (mt) and abundant ribosomes (arrows) in dendritic profile (D). A-axon terminal.
b — Axo-dendritic synapses (oblique arrows) in the culture 24 h after QUIN application.
Electron-lucent appearance of dendritic shaft (D) with disarranged microtubules (mt) and few
ribosomes (arrows). Well preserved axon-terminals (A). ¢ — Axo-dendritic contact (oblique
arrow) in the culture 24 h after QUIN application. Mitochondria (m), vacuoles (v) and
disarranged microtubules (mt) in dendritic profile (D). Intact axon terminals (A)
Ryc. 8. Wypustki dendrytyczne w 21-dniowej hodowli kontrolnej i do§wiadczalnej. Pow. 9000 x
a — Hodowla kontrolna. Synapsa akso-dendrytyczna (strzatka skosna). Liczne, rownolegle
utozone mikrotubule (mt) oraz rybosomy (strzatki) w wypustce dendrytycznej. A — zakonczenie
aksonalne. b — Synapsy akso-dendrytyczne (strzatki skosne) w 21-dniowej hodowli 24 godz. po
podaniu kwasu chinolinowego. Elektronowo-jasna cytoplazma wypustki dendrytycznej (D)
z beztadnie ulozonymi mikrotubulami (mt) i pojedynczymi rybosomami (strzatki). Prawidtowo
zachowane zakonczenia aksonalne (A). ¢ — Synapsa akso-dendrytyczna (strzatka skosna) w 21
-dniowej hodowli 24 godz. po podaniu kwasu chinolinowego. Mitochondria(m), wakuole (v)
i bezladnie ulozone mikrotubule (mt) w wypustce dendrytycznej (D). Prawidlowe zakonczenia
aksonalne (A)
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organelles contained numerous electron dense bodies. Dendritic alterations
were independent of the type of axon terminals contacting them. The glial
cells, including their somata and processes were not damaged (Fig. 9).

Fig. 9. Intact glial cells (G) in 21 DIV culture 24 h after exposure to QUIN. x 9000
Ryc. 9. Prawidlowe komorki glejowe (G) w 21-dniowej hodowli 24 godz. po podaniu kwasu
chinolinowego. Pow. 9000 x

DISCUSSION

Previous experiments in vitro performed in organotypic cultures of the
cortex or cortex-striatum co-cultures showed the axon-sparing, postsynaptic
character of QUIN-induced morphological lesions, similar to the results
obtained in vivo. The neuron cell somata in the cultures studied revealed no
deep alterations since the only structural abnormalities were confined to Golgi
apparatus dilatations (Whetsell, Schwarcz 1983). In our organotypic cultures
of the hippocampus, however, after similar QUIN doses applied, besides
neuropil abnormalities manifested by dendritic swellings also pyramidal
neurons exhibited distinct morphological changes. It was earlier documented
that the hippocampus, besides the striatum and globus pallidus, belongs to the
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brain areas particularly susceptible to QUIN (Schwarcz, Kohler 1983).
Moreover, a difference in the pharmacodynamics of the neocortical and
hippocamapal receptors for NMDA and/or quisquilate was postulated (Per-
kins, Stone 1985). Our findings demonstrating higher than previously reported
for cortex vulnerability of hippocampus to QUIN action might support this
hypothesis.

Young hippocampal cultures in our experiments were resistant to QU-
IN-induced toxicity, neither did granule cells in 21 DIV cultures. This

" age-dependent QUIN neurotoxicity and selective vulnerability of particular
brain areas for QUIN was revealed earlier by in vivo and in vitro studies
(Foster et al. 1983; Whetsell, Schwarcz 1983, Victorov et al. 1987). In the
hippocampus proper, as previously demonstrated in vivo, most sensitive for
QUIN action were CAl pyramidai cells (Schwarcz et al. 1984a). In our
material structural changes of pyramidal nerve cells ranged distinctly, moreo-
ver, besides altered cells, well preserved pyramidal neurons with intact
ultrastructural characteristics could be seen. The character of morphological
changes, however, was similar in all more severely affected nerve cells and
consisted of conspicuous swelling of the cell somata with diminution of the
number of organelles and almost total disappearance of ribosomes. The
nucleus, however, usually showed no deep abnormalities. The alterations
observed seem thus not to be definitively irreversible. The finding that
pyramidal neurons damage was not widespread and spared numerous neurons
in our cultures may be due to various factors. The absence of QUIN receptors
on these unaffected neuronal processes, their inappropriate density or their
later development should be considered. It might also, however, be linked with
the lack of their proper afferents in tissue culture conditions, since even smaller
than presently used doses of QUIN applied to the hippocampus in situ, were
sufficient to destroy all pyramidal layers (Foster et al. 1983).

The precise mechanisms of the neurotoxic action of QUIN as well as other
neurotoxic amino acids remains unclear. The results of previously performed
studies suggest that neurotoxicity could be closely related to the excitatory
properties of these compounds (Stone 1985). The type of morphological
changes observed in our material resembles non-dark cell degeneration and
dendritic abnormalities found in the hippocampus in vivo after electrical
stimulation of the perforant path axons (Olney et al. 1983). Dendritic damage
was also induced by other neurotoxins like kainic acid or glutamate (Stone,
Connick 1987) or after transient cerebral ischemia (Johansen et al. 1984).
Recently, a common pathogenetic mechanism for these conditions has been
proposed, attributing the morphological lesions to the abnormal, excessive
influx of particular ions to the cell soma. Among these ions: calcium (Simon et
al. 1984, Choi 1985) or sodium and chloride are under consideration
(Rothman 1985; Olney et al. 1986). Moreover, two different simultaneous
mechanisms responsible for the toxic action of excitatory amino acids were
postulated (Olney 1987). The early produced lesions characterized by promi-
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nent neuronal swelling might result from other ions disturbances, rather from
sodium and chloride influx, than the calcium-dependent late developed
damage responsible for dark cell degeneration and finally cell death. In our
material we only found nerve cells with pronounced swelling, no dark ones
could be found.

According to the previously performed studies, no distinct glial cell
alterations could be observed in our cultures. However, it has recently been
evidenced that numerous astroglial cells exhibited specific 3-hydroxyanth-
ranilic acid oxygenase immunoreactivity (Kohler et al. 1987), thus indicating
that glial cells play an important role in QUIN metabolism.

The present study showed that the hippocampal organotypic culture
provides a very suitable model for further investigations on the mechanisms
underlying QUIN neurotoxicity as it permits to evaluate the direct effect of
this compound in an appropriately modified environment.

WPLYW KWASU CHINOLINOWEGO
NA ULTRASTRUKTURE HIPOKAMPA [N VITRO

Streszczenie

Przeprowadzono wst¢pne badania majace na celu ustalenie charakteru i rozleglosci uszkodzen
strukturalnych w obrgbie poszczegélnych elementéw komoérkowych hipokampa podczas procesu
rozwoju i dojrzewania w warunkach organotypowej hodowli tkankowej. Wykazano zaoszczgdze-
nie komérek ziarnistych, niektorych komérek piramidowych, wypustek aksonalnych oraz komoé-
rek glejowych. Stwierdzono natomiast w hodowlach dojrzatych, 20-dniowych, zmiany strukturalne
nie tylko wypustek dendrytycznych, ale takze niektérych sposrod komoérek piramidowych.
Wskazuje to, ze hipokamp dzigki szczegdlnej wrazliwosci na cytotoksyczne dzialanie kwasu
chinolinowego reprezentuje struktur¢ dogodna do prowadzenia dalszych badan, zmierzajacych do
wyjasnienia mechanizméw lezacych u podstaw cytotoksycznego dziatania kwasu chinolinowego.

BJIMUAHUE XWUHOJIMHOBOW KHUCJIOTBI
HA VJIbTPACTPYKTYPY I'MIIIIOKAMIIA IN VITRO

Pe3ome

IMpoBeneHb! NpeABapHTEIbHBIE HCCIIEAOBAHMS BJIMSHUS XHHOJMHOBOM KHMCJIOTHI HA XapakTep
H pacnpoCTPaHEHHOCTb CTPYKTYPHBIX NOBPEXICHHHA OTHENbHBIX KJETOYHBIX 3JIEMEHTOB
THNTIOKOMIIA B XO/Jie Pa3BHTHS H CO3DEBAHHS B OPraHONTHYECKOH KyiType TkaHH. OGHapyxeHa
COXPaHHOCTb KJICTOK-3€peH, HEKOTOPhIX NHPAMHIHBIX KJIETOK, AKCHOHAJbHBIX OTPOCTKOB
H IJIHadbHBIX KJeToK. Onnako, B 3pesibix 20-JHEBHBIX KyJbTYpax HAaMIECHBI MOBPEXICHHS He
TONBKO JCHAPHTHYECKHX OTPOCTKOB, HO TAaKXKe M HEKOTOPHIX NHPAMHAHBIX KJIETOK. IJTO
NoKa3bIBaeT, 4To, Gnarogaps ocob6o#i YyBCTBHTENLHOCTH K BJIMSHHIO XHHOJIMHOBOM KHCJIOTBI,
THIINOKAMII SABJISETCSH TOAXOAAIICH CTPYKTYPO# /UIs TaJIbHEHIINX HCCIICIOBAHUMN, PACKPhIBAIOLIHX
MEXaHH3MBbl HHTOTOKCHYECKOTO BO3JECHCTBHS XHHOJIMHOBOM KHCJIOTBI.
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The toxic effects of antineoplasmic drugs are now the most important
limitation of the therapy of neoplasms. The developing nervous system is
particularly susceptible to toxic agents (Grobe, Palm 1972; Dietriech 1979).
Vincristine is one of Vinca rosea alkaloids used for the treatment of
leukaemias, lymphomas, reticulo-endothelial system neoplasms and some
brain tumors. The most frequent side effects of vincristine are due to it’s
neurotoxicity (Rosenthal, Kaufman 1974; Goldberg et al. 1982). Usually only
the peripheral nervous system is affected, but seizures, disturbances of
consciousness, focal symptoms and inadequate antidiuretic hormone secretion
have also been reported (Grobe, Palm 1972; Rosenthal, Kaufman 1974,
Goldberg et al. 1982). Intrathecal administration of vincristine caused par-
ticularly severe myeloencephalopathy with fatal outcome (Schochet et al. 1968;
Slyter et al. 1980; Gaidys et al. 1982). The aim of this study was to investigate
the influence of therapeutic doses of vincristine administered during the first
week of life on the development of the hypothalamo-neurohypophyseal
neurosecretory system of the rat.

MATERIAL AND METHODS

Wistar albino rats (26) of either sex were received 0.03 mg/kg b.wt. of
vincristine (Vincristin Richter H) intraperitoneally on the 3rd, 5th and 7th day
after birth. The control rats received intraperitoneal injections of 0.9% saline.
The animals were kept with their mothers in standard laboratory conditions
until sacrificed by decapitation on the 8th, 15th and 30th day of life. The
brains and hypophyses were promptly removed and fixed in Bouin fixative for
immunohistochemistry and in Zenker-formol fixative for other methods. After
dehydration in ethanol the material was embedded in paraffin. Serial transver-
se 7um thick sections were cut caudally from the optic chiasm. The sections
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were deparaffinized and stained with Gomori chromehematoxylin and cresyl
violet. Neurophysin was demonstrated by the unlabeled antibody method and
the peroxidase-antiperoxidase (PAP) complex technique as described by
Sternberger (1979). The anti-neurophysin serum (Rb 42-2 Apr 78) used was
kindly provided by Dr. M. V. Sofroniew, University of Oxford, U. K. The
specificity of immunostaining was assessed by the use of normal pre-immune
rabbit serum or anti-neurophysin serum absorbed by addition of excess (7.5
pg/ml) of neurophysin. The tests always yielded negative results.

Karyometric measurements were performed in the neurocytes in supraoptic
nuclei (SON) and paraventricular nuclei (PVN) of the hypothalamus with the
use of an ocular micrometer.

Immediately after decapitation, blood from cervical vessels was collected
for osmolality measurements. Plasma osmolality was measured with a Fiske
Osmometer by the freezing-point depression.

RESULTS

The young rats subjected to vincristine injections showed decreased motor
activity, although there were no symptoms of paresis in their limbs. Their body
weight gain was slower than in intact animals as shown in Table 1. Three out
of 26 experimental rats were loosing their hair.

Table 1. Body weight gain of control and vincristine-treated rats
Tabela 1. Przyrost cigzaru ciala u szczuréw kontrolnych i otrzymujacych winkrystyng

Age (days) Control group Experimental group
Wiek (dni) Grupa kontrolna Grupa do$wiadczalna
8 13.42+ 3.81 1048+ 2.48
15 30.37+ 3.57 2587+ 3.06 p <0.05
30 96.95+20.21 69.08 + 16.65 p <001

p — calculated according to Student’s t-test
p — obliczone wg testu t Studenta
Number of animals in each group 9

Liczba zwierzat w kazdej grupie 9

Neurophysin immunohistochemistry

Control group: 8 days after birth neurophysin-positive neurocytes were
seen in the SON and PVN of the hypothalamus. Scare immunoreactive cells
were scattered in the anterior hypothalamus outside these nuclei. Neurophysin
containing fibers were demonstrated in the area between SON and PVN and
dorsally to the lateral parts of the optic chiasm. Most of the neurocytes in the
SON were neurophysin-positive, but they differed in the content of neuro-
physin. Cells showing moderate amounts of neurophysin were the most
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numerous. The neurophysin-negative neurons were prevalent in the dorsal
parts of the SON. At the age of 8 dys, only few neurocytes in the PVN were
neurophysin-positive (Fig. 1). Fibers staining positively with anti-neurophysin
serum were present in the neurohypophysis. No staining for neurophysin was
seen either in the cytoplasm of pituicytes in cells of the intermediate and
anterior lobes.

Fig. 1. Control rat 8-day-old. Paraventricular nucleus. Only few neurocytes contain neurophysin in
the cytoplasm. PAP reaction with antineurophysin serum. x 500

Ryc. 1. Szczur kontrolny, 8-dniowy. Jadro przykomorowe. Tylko nieliczne neurocyty zawieraja
neurofizyng w cytoplazmie. Reakcja PAP z surowica przeciwko neurofizynie. Pow. 500 x

Fifteen days after birth, neurophysin-positive neurons were found in SON
and PVN and a few were scattered in the anterior hypothalamic area. Several
neurocytes in the suprachiasmatic nuclei showed a faint staining with
anti-neurophysin serum. The content of neurophysin in the neuronal processes
was increased as compared with that in 8-day-old rats. The majority of the
neurocytes in the SON showed moderate or weak staining. There were few
cells heavily stained with neurophysin and some neurons still remained
neurophysin-negative. In PVN cells, the content of neurophysin was uneven,
but there were significantly fewer neurophysin-negative neurocytes than in the
group of 8-day-old animals. The content of neurophysin in the neuronal

http://rcin.org.pl
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Fig. 2. Vincristine treated rat 8-day-old. Paraventricular nucleus. Positive reaction with antineuro-
physin serum in numerous neurocytes. x 500

Ryc. 2. Szczur 8-dniowy traktowany winkrystyna. Jadro przykomorowe. Dodatnia reakcja
z przeciwcialami przeciwko neurofizynie w cytoplazmie licznych neurocytéw. Pow. 500 x

processes in the neurohypophysis was similar to that observed at the age of
8 days.

Thirty days after birth, the neurophysin-positive neurons were located in
SON, PVN and in the suprachiasmatic nuclei of the hypothalamus, but in the
latter, the content of neurophysin was significantly lower than in both
magnocellular nuclei. Similarly to the younger animals, there were few
neurophysin-positive neurocytes scattered throughout the anterior hypo-
thalamic area, sometimes gathered around the blood vessels. The neuronal
processes in the hypothalamo-hypophyseal tract showed markedly heavier
staining with anti-neurophysin serum than in the other age groups. The
content of neurophysin in the neurocytes in the SON and PVN differed widely.
There were fewer neurophysin-negative cells as compared with the younger
rats. The axons in the neurohypophysis accumulated more neurophysin than in
8- and 15-day-old animals.

Vincristine-treated group: 24 hours after the last injection of vincristine the
distribution of neurophysin-positive neurons was similar to that observed in

http://rcin.org.f
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8-day-old control rats. The neurocytes moderately and heavily stained by the
anti-neurophysin serum were more numerous in the SON, but neurophy-
sin-negative cells were still present. In the PVN neurons that did not bind the
antibodies against neurophysin in the cytoplasm were scarce and the major
part of the magnocellular neurons showed moderate and heavy staining (Fig.
2). The content of neurophysin in the neurohypophysis was increased as
compared with that in control animals at this age.

The amount and distribution of neurophysin in the neurocytes in the SON
and in the hypothalamo-neurohypophyseal tract of 15-day-old rats treated
with vinéristine was not altered in comparison with controls. In the PVN cells
moderately and heavily stained with the anti-neurophysin serum were more
numerous than in the 15-day-old animals from the control group. Still few
neurocytes remained neurophysin-negative. The axonal processes in the
neurohypophysis showed weaker staining for neurophysin than in intact rats.

At the age of 30 days, the neurons in the SON and PVN of rats that had
been treated with vincristine in the first week of extrautherine development
showed no alterations in the binding of antibodies against neurophysin. The
content of neurophysin in the neurohypophysis was slightly decreased as
compared with that in the control animals.

Gomori chromehematoxylin staining

Control group: Only few neurocytes in the SON and PVN of 8-day-old rats
contained small amounts of the neurosecretory material in the cytoplasm. No
Gomori-positive deposits could be seen in the neuronal processes (Fig. 3).
Neurosecretory material was present in the neurohypophysis. Fine Gomo-
ri-positive granules were located along the axonal processes and around blood
vessels throughout the neural lobe, but they did not form Herring bodies
commonly seen in adult animals.

At the age of 15 days, the major part of the neurocytes in the SON and
PVN still remained Gomori-negative. There were more neurons containing
small and moderatg amounts of the neurosecretory material than in 8-day-old
rats. Only few cells showed intense staining with chromehematoxylin. The
neurosecretory material in the neuronal processes was scarcely seen in the
hypothalamus. The axons in the neurohypophysis contained more Gomo-
ri-positive grains than in 8-day-old animals. In 30-day-old rats, the content and
distribution of the neurosecretory material in the magnocellular hypothalamic
- nuclei were similar to those found in adult animals. Neurocytes containing
moderate and small amounts of Gomori-positive granules predominated in the
cytoplasm but heavily stained cells were more numerous than in younger rats.
The neuronal processes in the hypothalamus contained considerably more
neurosecretory material at this age. Accumulation of the neurosecretory
material in the neurohypophysis with the formation of Herring bodies was also
observed.
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Fig. 3. Control rat 8-day-old. Paraventricular nucleus. Small amounts of neurosecretory material
are present in some few neurocytes. Gomori chromehematoxylin. x 1200

Ryc. 3. Szczur kontrolny 8-dniowy. Jadro przykomorowe. Niewielka zawarto$¢ neurosekretu
w pojedynczych neurocytach. Hematoksylina chromowa Gomoriego. Pow. 1200 x

Vincristine treated group: The 8-day-old rats subjected previously to
intraperitoneal vincristine showed clearly an increased content of neurosec-
retory material in the cytoplasm of the neurocytes in the SON and PVN,
though the staining with chromehematoxylin was still weak in most of the
cells. Gomori-positive grains were present also in the neuronal processes (Fig.
4). The amount of neurosecretory substance in the neurohypophysis was
increased as compared with that in intact rats at this age.

At the age of 15 days, neurocytes containing small and moderate amounts
of Gomori-positive granules in the cytoplasm predominated in the magnocel-
lular hypothalamic nuclei. Cells that did not stain with chromehematoxylin
were few. There was more neurosecretory material in the processes visible in
the nuclei and along the hypothalamo-neurohypophyseal tract, but in the
neurohypophysis, the axonal endings contained less Gomori-positive deposits
than in the control group.

The amount of the Gomori substance in the cytoplasm of the perikarya of
the neurosecretory cells in the SON and PVN was unchanged on the 30th day
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Fig. 4. Vincristine-treated rat 8-day-old. Paraventricular nucleus. Increased content of neurosec-
retory material in the cytoplasm of the neurocytes. Neurosecretory material can be also seen in the
axons. Gomori chromehematoxylin. x 1200

Ryc. 4. Szczur 8-dniowy traktowany winkrystyna. Jadro przykomorowe. Zwigkszqna zawartos$¢
neurosekretu w cytoplazmie neurocytéw. Widoczna réwniez niewielka ilos¢ materialu neurosek-
recyjnego we wloknach aksonalnych. Hematoksylina chromowa Gomoriego. Pow. 1200 x

of life, as compared with the control animals. Still, the neuronal processes in

the hypothalamus and in the neurohypophysns contained more of the neurosec-
retory material.

Cresyl violet staining

Control group: 8 days after birth, the neurosecretory cells in the SON and
the PVN showed features of immaturity. Their small size, bipolar shape with
narrow cytoplasm often seen only in the poles of the perikaryon and relatively
big nuclei made them hardly distinguishable from other neurons from adjacent
parts of the hypothalamus. Nissl substance was usually localized on the
periphery of the cytoplasm.

The size of neurocytes in the SON and PVN increased gradually at the age
of 15 and 30 days, majnly by expansion of the cytoplasmic area.

Vincristine treated group: One day after the last injection of vincristine,
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staining with cresyl violet did not show any pathological changes in the
magnocellular neurosecretory nuclei of the hypothalamus. In the SON, the
neurocytes did not show any changes either on the 15th or 30th day of life.
A few neurosecretory cells in the PVN were shrunk and darkly stained 15 days
after birth and on the 30th day the features of degeneration were even more -
pronounced. There was no glial proliferation around degenerating neurons
(Fig. 5).

: e
Fig. 5. Vincristine-treated rat 30-day-old. Paraventricular nucleus. Degeneration of the neurosec-
retory neurons. Cresyl violet. x 800

Ryc. 5. Szczur 30-dniowy traktowany winkrystyna. Jadro przykomorowe. Zmiany zwyrod-
nieniowe w komorkach neurosekrecyjnych. Fiolet krezylu. Pow. 800 x

Morphometry

The results of measurements of the cross-section area of nuclei of
neurocytes in the SON and PVN are shown in Table 2. In rats subjected to
vincristine, the neurocytes in the SON did not show any statistically significant
changes in the growth of their nuclear volume. In the PVN, the mean
cross-section area was smaller than in the control animals on the 8th and 15th
day, it then increased above the values observed in the control group on the
30th day.
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Table 2. Mean cross-section area (um? + SEM) of the nuclei of neurosecretory neurons
Tabela 2. Srednie pole przekroju jader (um? + SEM) neuronéw neurosekrecyjnych

Age (days) Control group Experimental group
Wiek (dni) Grupa kontrolna Grupa doswiadczalna
8 SON 23.66+0.40 22.78+0.44
PVN 32.22+0.43 30.22+0.40 p>99%
15 SON 29.40+0.46 28.74+0.40
PVN 34.98+0.45 32.86+0.44 p>99%
30 SON 41.00+0.57 40.06+0.64
PVN 42.96+0.67 45.1240.67 p > 95%
SON = nucleus supraopticus PVN — nucleus paraventricularis

p — confidence level
p — poziom ufnosci

Plasma osmolality

The results of plasma osmolality measurements are shown in Table 3. In
rats treated with vincristine, increased plasma osmolality was observed on the
8th and 15th day of life.

Table 3. Plasma osmolality (mOsm/kg + SD) of control and vincristine-treated rats
Tabela 3. Osmolalnos¢ surowicy (mOsm/kg + SD) u szczuréw kontrolnych i otrzymujacych
winkrystyng

Age (days) Control group Experimental group

Wiek (dni) Grupa kontrolna Grupa doswiadczalna
8 282.20+ 6.34 316.33+ 6.02 p < 0.001
15 303.13+ 7.90 318.60+ 7.14 p <0.01
30 295.45+12.34 301.25+10.89

p — calculated according to Student’s t-test
p — obliczone wg testu t Studenta

DISCUSSION

The investigations performed hithero on the developing rat hypothala-
mo-hypophyseal neurosecretory system have demonstrated the appearance of
Gomori chromehematoxylin stainable neurosecretory material on the second
day of extrauterine life in the neurohypophysis, on the 6th day in neurocytes in
SON and on the 18th day in the axons in the hypothalamus (Rinne, Kivalo
1964). Staining with aldehyde fuchsin and ultrastructural investigations made
it possible to detect the neurosecretory material in the hypothalami of rat
fetuses (Rinne, Kivalo 1964; Fink, Smith 171). As in other animals, postnatal
development of the rat SON precedes that of the PVN (Diepen et al. 1954;
Rodeck, Caesar 1956; Kivalo, Talanti 1957; Donew 1970; Ellis, Watkins 1975).

http://rcin.org.pl
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The presence of vasopressin, oxytocin and neurophysin in the neurohypo-
physis and the hypothalamus of the neonatal rats was also confirmed by
biological and radioimmunological methods, but the levels of the neurohor-
mones detected were many times lower than in adult animals and increased
during extrauterine development. The rations of vasopressin to oxytocin and
neurophysin to hormone differed from those observed in adult rats, largely
owing to a molar excess of vasopressin, and reached normal values on the 30th
day (Dicker, Tyler 1953; Heller, Lederis 1959; Sinding et al. 1980a). The
response to physiological stimuli such as dehydration was also immature
during the first month of life (Sinding et al. 1980b). The results of this study
confimred the presence of the Gomori-positive neurosecretory material at the
age of 8 days in the neurohypophysis and in a few neurocytes in the SON and
PVN of intact rats. By using a much more sensitive immunohistochemical
method, neurophysin was demonstrated in the majority of the neurocytes in
the SON and in few neurocytes only in the PVN. Administration of vincristine
during the first week of life caused an accumulation of neurophysin in the
neurosecretory cells 24 hours after the last dose of the cytostatic, as
demonstrated by the immunoenzymatic method and by chromehematoxylin
staining. The changes were more conspicuous in the PVN than in the SON.
Similar results were observed in adult rats after intraventricular injections of
vincristine (Flament-Durand et al. 1975). The vincristine induced accumula-
tion of neurophysin decreased on the 15th day after birth and at the age of 30
days the content of neurophysin was normal.

Data on the pathomorphology of the developing hypothalamo-neuro-
hypophyseal system are scarce. Delayed maturation of the magnocellular
hypothalamic nuclei manifested by a decreased content of the neurosecretory
material, smaller cell and nucleus sizes and degeneration of the neurocytes has
been reported as a result of dehydration (Brownstein et al. 1977) and
intoxication with aromatic hydrocarbons (Bakhtizina 1978). After bilateral
extirpation of the cervical sympathetic ganglia, the neurocytes in the PVN,
SON and the dorso-medial nuclei were smaller sized, contained increased
amounts of the neurosecretory material and showed degenerative changes
(Lepekhina 1978). In adult animals, accumulation of the neurohormones in the
SON and PVN has been reported as the result of poisoning with organic
mercury (Kozik et al. 1978) and zinc compounds (Kozik et al. 1981),
adrenalectomy (Kiss et al. 1984; Sawchenko et al. 1984), treatment with
aminoglutethymide phosphate (Miskowiak 1972), ACTH (Kozik, Walczak
1959) and CCNU (Pietrzak, Kozik 1985), and seizures elicited by electric
shocks (Kozik, Wender 1960), insulin-induced hypoglycemia (Migtkiewski,
Kozik 1967) and by water overload (Migtkiewski et al. 1974). Estimation of
the function of the neurosecretory system cannot be based solely on the
amount of the neurosecretory material present in the cytoplasm of the
neurocytes and their processes in the hypothalamus and neurohypophysis,
because the quantity of neurohormons in these structures depends not only on



Vincristine and developing HNHS 531

the rate of synthesis, but also on the rate of axonal transport and release into
blood (Kekki et al. 1975). Numerous authors laid stress on the importance of
the additional symptoms of increased neurosecretory activity of the neurocytes
such as swelling of the cell nuclei, nucleoli and of the whole perikarya,
increased activity of thiamine pyrophosphatase and RNA content in the
cytoplasm and nucleolus (Stahl et al. 1955; Edstrom, Eichner 1958; Jongkind,
Swaab 1967; Miskowiak 1980). The morphometric measurements performed in
this study showed a gradual enlargement of the mean cross-section area of the
nuclei of the neurosecretory cells during postnatal development of intact rats.
In rats treated with vincristine, the mean cross-section area of the cell nuclei in
the PVN was smaller than in the control group at the age of 8 and 15 days.
According to the opinions mentioned above, this decrease of nuclear size
should be interpreted as reflecting diminished neurosecretory activity, despite
the accumulation of the neurosecretory products.

The close relation between the function of the hypothalamo-neurohypop-
hyseal system, vasopressin levels in the blood and plasma osmolality has been
demonstrated by a number of studies concerning physiologic and pathologic
conditions (Pallan, et al. 1979; Miskowiak 1980; Menniger 1985). In rats
treated with vincristine during the first week of postnatal development,
increased plasma osmolality on the 8th and 15th day, along with the putative
symptoms of diminished synthesis of neurohormones and accumulation of
neurophysin in the cytoplasm of the neurosecretory cells speak in favour of
primary disturbance of axonal transport and release mechanisms.

Vincristine and other vinca alkaloids damage microtubules (Owellen et al.
1976; Donoso et al. 1977), the organelles important for axonal transport, also
in the neurosecretory processes (Grainger, Sloper 1974; Flament-Durand
1975). The disturbances in the hypothalamo-hypophyseal neurosecretory
system observed after administration of vincristine then may be attributed to
its toxic effect on microtubules. Still, the possible direct inhibition of protein
synthesis should also be considered (Cressey, Markiw 1965; Cline 1968). These
disturbances were reversible and the few neurons showing degeneration did not
influence the function of plasma osmolality regulation in 30-day-old rats.

CONCLUSIONS

1. In rats having received intraperitoneal injections of vincristine on the
3rd, 5th and 7th days after birth, a reversible accumulation of the neurophysin
was demonstrated in the hypothalamo-neurohypophyseal system until the 15th
day of life.

2. A simultaneous decrease of the mean cross-section area of the neurosec-
retory cell nuclei in the PVN and plasma hyperosmolality were observed.

3. Administration of vincristine in therapeutic doses during the first week
of extrauterine dewelopment of the rats brought about disturbances in
morphological and functional maturation of the hypothalamo-neurohypo-
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physeal neurosecretory system by blocking the axonal transport and release in
to the blood of neurohormones, and probably by decreasing their synthesis in
the neurosecretory neurons. These disturbances caused degeneration of some
few neurons.

Acknowledgements: The author would like to thank Prof. Maria Dambska for helpful advice
and comments.

WPLYW WINKRYSTYNY NA NEUROSEKRECJE UKLADU
PODWZGORZOWO-PRZYSADKOWEGO SZCZURA W CZASIE ROZWOJU
POZAMACICZNEGO

Streszczenie

Badano wplyw winkrystyny, podawanej dootrzewnowo szczurom w 3, 51 7 dniu po urodzeniu
w dawce 0,03 mg/kg masy ciala, na dalszy rozwoj podwzgorzowo-przysadkowego ukladu
neurosekrecyjnego. W skrawkach parafinowych z moézgéw 8, 15 i 30-dniowych szczurow
wykonano immunoenzymatyczna (PAP) reakcje z przeciwcialami przeciw neurofizynie oraz
barwienie hematoksyling chromowa Gomoriego. W podwzgérzach normalnie rozwijajacych si¢
szczuréw reakcja z przeciwcialami antyneurofizynowymi widoczna byla w 8 dniu po urodzeniu
w wigkszosci neurocytow jadra nadwzrokowego i tylko w nielicznych neurocytach jadra
przykomorowego. Gomori—dodatni material neurosekrecyjny udato si¢ wykaza¢ w tym czasie
tylkow nielicznych komoérkach w jadrach nadwzrokowych i przykomorowych. Podawanie
winkrystyny w pierwszym tygodniu zycia spowodowalo gromadzenie neurosekretu w cytoplazmie
neurocytéw wielkokomoérkowych jader podwzgérza oraz we widknach neurosekrecyjnych w pod-
wzgorzu i w czgéci nerwowej przysadki widoczne w 8 i 15 dniu po urodzeniu. U 15 i 30-dniowych
szczuréw zaobserwowano zmiany zwyrodnieniowe w komorkach neurosekrecyjnych. Pomiary
morfometryczne wykazaly zmniejszenie §redniego pola pizekroju jader komorkowych neurocytow
w jadrach przykomorowych 8-dniowych szczuréw, ktére otrzymywaly winkrystyng. Pomiary
osmolalnosci surowicy krwi wykazaly zwigkszenie osmolalnosci w 8 i 15 dniu po urodzeniu
u szczur6w, ktérym podawano winkrystyne. Uzyskane wyniki przemawiaja za uszkodzeniem
mechanizméw transportu aksonalnego i uwalniania do krwiobiegu neurohormonéw oraz za
zmniejszeniem ich syntezy w komorkach neurosekrecyjnych pod wptywem winkrystyny.

BJIMSSHUE BUHKPUCTUHA HA THIIOTAJIAMO-T'MIIO®U3APHVYIO
CHUCTEMY KPBICHI B ITEPHOJ] IMTOCTHATAJIBHOI'O PA3BUTHUA

Pesome

HccnenoBanoch BIMSHWE BHHKPHCTHHA, KOTOPbIH BBOIMJICS BHYTPHOPIOIMIMHHO MOJIOIBIM
KpbicaM Ha 3-, 5- u 7-i aHM nocie poxaenus B no3e 0,03 mpkr Beca Tena, Ha JajbHeHLIee
pa3BUTHE THIOTANaMO-THIO(H3apHON HeHpOIHAOKpHHHOM cucTeMmbl. Ha mapapuHOBBIX cpe3ax
mosra 8, 15 u 30-AHEBHBIX KpBIC NPOBOAWIOCH MWMMYHOIHMTOXHMMMYECKOE HCCIIeIOBAaHHE
(MepOKCHAA3HO-aHTHIICPOKCHAA3HbIH METO/A) C AHTHTEJAMH NPOTHB HEHPOTEH3WHA, a TaKXe
OKpacka reMaTokCWJIMHOM nmo I'omopu. B rumorasamyce HOPMaJbHO pPa3BHBAIOLIMXCSH KPBIC
peaxkiyis C aHTH HEHPOTEH3HHHBIMH AHTHTEJIaMH Obla 0O6GHapyxeHa Ha 8-# JIeHb 1OCTIe POXACHHS
B GOJIBUIMHCTBE HEMPOHOB CYMPAONITHYECKOTO SAPA M TONBKO B HEMHOTOWHCIICHHBIX HEHpOHax
NIEPHBEHTPHKYJIAPHOTO siapa. [TO3HTHBHO OKpalleHHbIN MPH peakiuyu no "oMopu HelpocekpeTop-
HBIH MaTepHaJ yAaaoCh HAWTH B 3TO BPeMs TOJILKO B HEMHOTOYHCJICHHBIX KJIETKaX CyNnpaonTHyec-
KOrO M MEPHBEHTHKYJISAPHOro saep. BBeaeHne BUHKPHCTHHA Ha MEPBOM He/lele XH3HH BbI3bIBAJIO
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CKOTUIEHHE HEHPOCEKPETOPHOr0 MaTephasia B LIMTOMJIa3Me HEHPOHOB TMTAHTOKJIETOYHBIX SiJEp
THMOTaNaMyca, a TakkKe B HEHPOCEKPETOPHBIX BOJIOKHAX THNOTajlamyca W B Hefiporunodmuse,
obHapyxuBaemoe Ha 8 M 15 mum mocne poxaens. Y 15 u 30-aHeBHBIX KpbiC HabromaMch
JIeTeHEPAaTHBHBIE W3MEHEHHS HEHPOCEKPETOPHBIX KIIETOK.

MopdomeTpuyecKHe MCCIIEIOBaHUS TIOKA3aJii  yMEHbILCHHE CpeIHed Towaau saep
HEHPOHOB B MEPHBEHTPHKYJIIPHOM sifiep y 8-THEBHBIX KPBIC, NMOJYYaBIIMX BUHKPUCTHH. U3me-
PEHHS OCMOJISUIBHOCTH ChIBOPOTKH KPOBH NOKA3aJli YBEJIHYEHHE OCMOJISUTBHOCTH Ha 8- U 15-# 1uu
TOCJIE POX/IEHA KPBIC, KOTOPHIM BBOAM/IH BHHKPHCTHH.

IMonyyeHbie pe3ybTaThl CBHAETENLCTBYIOT O HAPYILIEHHH MEXaHW3MOB aKCOHAJIbHOTO TPaHC-
MOpTa M O BHIBEJCHHE HEHPOrOPMOHOB B KDOBEHOCHOE PYCJIO, @ TAKXKE O MOHWKEHHH MX CHHTE3a
B HEHPOCEKPETOPHBIX KJIETKAX IOJ BJIMSHUEM BHHKPHCTHHA.

REFERENCES

1. Bakhtizina G. Z.: Functional morphology of the peptidergic hypothalamo-hypophyseal
neurosecretory system of rat in postnatal ontogenesis after exposure to aromatic hydrocar-
bons. In: Neurosecretion and neuroendocrine activity. Eds. W. Bargmann, A. Oksche, A.
Polenov, B. Scharrer. Springer, Berlin 1978, 125.

2. Brownstein M. J., Robinson A. G., Gainer H.. Immunological identification of rat
neurophysin precursors. Nature, 1977, 259—261.

3. Cline M. J.: Effect of vincristine on synthesis of ribonuclei acid and protein in leukaemic
lymphocytes. Br. J. Haematol., 1968, 14, 21—29.

4. Creasey A., Markiw M. E.: Biochemical effects of the vinca alkaloids. III. The synthesis of
RNA and the incorporation of amino acids in Ehrlich ascites cells in vitro. Biochem. Biophys.
Acta, 1965, 103, 635—645.

5. Dicker S. E., Tyler C.: Vasopressor and oxytocic activities of the pituitary glands of rats,
guinea-pigs and cats and of human foetuses. J. Physiol., 1953, 121, 206 —214.

6. Diepen R., Engelhardt F., Smith-Agreda V.: Uber Ort und Art der Entstehung des
Neurosecretes im supraoptico-hypophysaren System bei Hund und Katze. Anat. Anz., 1954,
101, 276—288. f

7. Dietrich E.: Zur Frage der Enzephalotoxizitit des Vincristin Eeg-Befunde bei Langzeitiiber-
leben nach Leukdmien und soliden Tumoren im Kindersalter, die mit Vincristin behandelt
wurden. Klin. Pediatr., 1979, 191, 145—147.

8. Donew S.: Occurrence of the neurosecretory substance during embryonic development of the
guinea pig. Z. Zellforsch., 1970, 104, 517—529.

9. Donoso J. A., Green L. S., Heller-Bettinger I. E., Samson F. E.: Action of the vinca alkaloids
vincristine, vinblastine and desacetyl vinblastine amide on axonal fibrillar organelles in vitro.
Cancer Res., 1977, 37, 1401—1407.

10. Edstrom J. E., Eichner D.: Quantitative Ribonukleinsdure-Untersuchen an den Ganglienzellen
des Nucleus supraopticus der Albino-Ratte unter experimentellen Bedingungen Kochsalz-
belastung. Z. Zellforsch., 1958, 48, 187 —200.

11. Ellis H. K., Watkins W. B.: Ontogeny of the pig hypothalamic neurosecretory system with
particular reference to the distribution of neurophysin. Cell Tissue Res., 1975, 164, 543 —557.

12. Fink G., Smith G. S.: Ultrastructural features of the developing hypothalamo-hypophysial
axis in the rat. Z. Zellforsch., 1971, 119, 208 —226.

13. Flament-Durand J., Couck A. M., Dustin P.: Studies on the transport of secretory granules in
the magnocellular hypothalamic neurons of the rat. II. Action of vincristine on axonal flow
and neurotubules in the paraventricular and supraoptic nuclei. Cell Tissue Res., 1975, 164,
1-9.

14. Gaidys W. G., Dickerman J. D., Walters C. L., Young P. C.: Intrathecal vincristine. Report of
a fatal case despite CNS washout. Cancer, 1983, 52, 799 —801.

http://rcin.org.pl



534 M. Pietrzak

15.

16.

17.

18.

19.

20.

21.

22,

23.

25.

26.

27,

28.

29.

30.

31.

32.

33.

35.

36.

Goldberg I. D., Bloomer W. D., Dawson D. M.: Nervous system toxic effects of cancer
therapy. JAMA 1982, 247, 1437—1441.

Grainger F., Sloper J. C.: Correlation between microtubular number and transport activity of
hypothalamo-neurohypophyseal secretory neurons. Cell Tissue Res., 1974, 153, 101 —113.
Grobe H., Palm D.: Vincristin-induzierte Enzephalopathien unter der Behandlung kindlischer
Leukosen. Monatsschr. Kinderheilkd., 1972, 120, 23—27.

Heller H., Lederis K.: Maturation of the hypothalamo-neurohypophysial system. J. Physiol.,
1959, 147, 299—-314.

Jongkind J. F., Swaab D. F.: The distribution of thiamine diphosphate-phosphohydrolase in
the neurosecretory nuclei of the rat following osmotic stress. Histochemie, 1967, 11, 319 —324.
Kekki M., Attila U, Talanti S.: The kinetics’ of 35S-labelled cysteine in the hypot-
halamic-neurohypophyseal neurosecretory system of the dehydrated rat. Cell Tissue Res.,
1975, 158, 439—450.

Kivalo E., Talanti S.: The foetal development of the hypothalamic-hypophysial neurosec-
retory system_of the cow embryo. Acta Endocrinol., 1957, 26, 471—476.

Kiss J. Z., Mezey E., Skirboll L.: Corticotropin-releasing factor-immunoreactive neurons of
paraventricular nucleus become vasopressin-positive after adrenalectomy. Proc. Natl. Acad.
Sci. USA, 1984, 81, 1854—1858.

Kozik M. B., Gramza G., Pietrzak M.: Neurosecretion of the hypothalamo-hypophyseal
system after intragastric administration of zinc oxide. Folia Histochem. Cytochem., 1981, 19,
115—122.

. Kozik M. B., Walczak M.: Wplyw ACTH na stan neurosekrecji podwzgorza $winki morskiej.

Endokrynol. Pol., 1959, 10, 137—144.

Kozik M., Wender M.: Jadra neurosekrecyjne podwzgdrza i czgs¢ nerwowa przysadki po

drgawkach elektrycznych. Endokrynol. Pol., 1960, 11, 363 —371.

Kozik M. B., Wigowska-Sowinska J., Pietrzak M.: Morfologia jader neurosekrecyjnych

podwzgorza i czgsci nerwowej przysadki mozgowej w przebiegu zatrucia octanem fenylo-

rteciowym. Endokrynol. Pol., 1978, 29, 322—337.

Lepekhina L. M.: Effect of extirpation of the cervical sympathetic ganglia on development of

the neurosecretory peptidergic and parvocellular nuclei of rat hypothalamus during postnatal

ontogenesis. In: Neurosecretion and Neuroendocrine Activity. Eds. W. Bargmann, A. Oksche,

A. Polenov, B. Scharrer. Springer, Berlin 1978, 85.

Menniger R. P.: Current concepts of volume receptor regulation of vasopressin release. Fred.
oc., 1985, 44, 55—58.

Migtkiewski K., Kozik M.: Neurosekrecja jader podwzgoérza krolika po wstrzasach in-

sulinowych. Endokrynol. Pol., 1967, 18, 249—-261.

Migtkowski K., Kozik M., Warchol J. B.: Histochemistry of neurosecretion in attempted

eliciting of epileptic fits by water load in the rat. Folia Histochem. Cytochem., 1974, 12,

261 —268.

Miskowiak B.: Wplyw dos$wiadczalnego odwodnienia na uktad neurosekrecyjny podwzgérzo-

wo-przysadkowy szczura. Endokrynol. Pol., 1980, 31, 67—78.

Miskowiak B.: Influence of aminoglutethimide on hypothalamo-pituitary neurosecretion in

rats. Endokrynol. Pol., 1972, 23, 435—449.

Owellen R. J., Hartke C. A., Dickerson R. M., Frederick O. H.: Inhibition of tubu-

lin-microtubule polymerisation by drugs of the Vinca alkaloids class. Cancer Res., 1976, 36,

1499 —1502.

. Pietrzak M., Kozik M. B.: The influence of the antimitotic drug CCNU on the neurosecretion

of rat hypothalamo-hypophyseal system. Folia Histochem. Cytochem., 1985, 23, 27—32.
Pullan P. T., Clappison B. H.,-Johnston C. I.: Plasma vasopressin and human neurophysins in
physiological and pathological states associated with changes in vasopressin secretion. J. Clin.
Endocrinol. Metab., 1979, 49, 580—587.

Rinne U. K., Kivalo E.: Maturation of hypothalamic neurosecretion in rat with special



37.

38.
39.

41.

42.

43.

45.

Vincristine and developing HNHS 535

reference to the neurosecretory material passing into the hypophysial portal system. Acta
Neuroveg. Wien, 1964, 27, 166— 183.

Rodeck H., Caesar R.: Entwicklung des neurosecretorischen Systems bei Saugern und Mensch
und der Regulationmechanismen des Wasserhaushaltes. Z. Zellforsch., 1956, 44, 666 —691.
Rosenthal S., Kaufman S.: Vincristine neurotoxicity. Ann. Int. Med., 1974, 80, 733—737.
Sawchenko P. E., Swanson L. W., Vale W. W.: Co-expression of corticotropin-releasing factor
and vasopressin immunoreactivity in parvocellular neurosecretory neurons in adrenalec-
tomized rat. Proc. Natl. Acad. Sci. USA, 1984, 81, 1883 —1887.

. Schochet S. S., Lampert P. W., Earle K. M.: Neuronal changes induced by intrathecal

vincristine sulphate. J. Neuropathol. Exp. Neurol., 1968, 27, 645—658.

Sinding C., Seif S. M., Robinson A. G.: Levels of neurohypophyseal peptides in the rat during
the first month of life. I. Basal levels in plasma, pituitary and hypothalamus. Endocrinology,
1980, 107, 749—754.

Sinding C., Seif S. M., Robinson A. G.: Levels of neurohypophyseal peptides in the rat during
the first month of life. II. Response to physiological stimuli. Endocrinology, 1980, 107,
755—1760.

Slyter H., Liwnicz B., Herrick M. K., Mason R.: Fatal myeloencephalopathy caused by
intrathecal vincristine. Neurology, 1980, 30, 867—871.

. Stahl A., Cotte G., Seite R.: Modifications cytologiques et cytochemiques des cellules

neurosecretoires de ’hypothalamus apres perturbation experimentale du metabolisme hyd-
rigue. C. R. Assoc. Anat., 1955, 85, 455—464.
Sternberger L. A.: Immunocytochemistry. 2nd ed. Wiley, New York, 1979.

Author’s address: Dept. of Developmental Neurology, School of Medicine, 49, Przybyszews-

kiego Str., 60-355 Poznan.

http://rcin.org.pl



NEUROPAT. POL., 1988, 26, 4
PL ISSN 0028-3894

HANNA WEHR, JERZY WEGIEL, WOJCIECH DZIEDZIAK,
ELZBIETA MEDYNSKA, GRAZYNA NOWICKA

MORPHOMETRIC ANALYSIS OF VERY LOW DENSITY
LIPOPROTEINS (VLDL) IN CHRONIC ALCOHOLICS

Department of Genetics and Department of Neuropathology, Institute of Psychiatry and
Neurology, Warsaw
Department of Clinical Pathophysiology and Dietetics, National Food and Nutrition Institute,
Warsaw

Alcohol consumption results in an overproduction of triglycerides in the
liver and an enhanced secretion of very low density lipoproteins (VLDL) into
the bloodstream (Lieber, Savolainen 1984). After prolonged heavy drinking in
alcohol addicted persons a secondary rise of lipoprotein lipase activity was
observed (Ekman et al. 1981). The turnover of VLDL triglycerides in such
individuals is accelerated (Sane et al. 1984) and a part of other VLDL lipid
constituents is transferred to high density lipoproteins (HDL). This results in
a HDL increase which may even be utilised as a laboratory marker of alcohol
abuse (Salaspuro 1986; Wehr, Woronowicz 1986).

VLDL lipolysis in the serum results in their gradual transformation into
low density lipoproteins (LDL), VLDL apolipoprotein B (apo B) beeing
recovered in the LDL fraction. Though LDL are end products of VLDL
lipolysis they usually,however, remain low in heavy drinkers (Taskinen et al.
1982). On the contrary, it was observed that apo B — the main LDL protein
— often increased after an abstinence period following heavy drinking (Wehr
et al. 1986). The cause of this was not explained.

Several authors emphasise recently an important catabolic pathway consis-
ting in direct degradation of VLDL and VLDL remnants in the liver without
their conversion to LDL. The VLDL fate is related to the size and composition
of these particles, the direct liver pathway concerning mostly large ones (Janus
et al. 1980; Stalenhoef et al. 1984). In the case of VLDL catabolism in the liver
apo B would escape from the bloodstream.

In the present work VLDL diameters and composition were studied in
alcohol addicted individuals shortly after a period of heavy drinking and for
the second time after a period of abstinence. The main purpose was to
investigate whether the low apo B level which was often observed after alcohol
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abuse could be explained by the presence of very large VLDL particles in the
bloodstream which could be degraded in the liver without their transformation
to LDL.

MATERIAL AND METHODS

Ten male alcohol-dependent patients (mean age 40 years, range 33 — 56)
were examined twice: for the first time 8 —18 hours after interrupting an
alcohol abuse period (examination I) and for the second time after 1 —2 weeks
of abstinence (examination II).

Blood was drawn after overnight fast, serum was isolated and ultracent-
rifuged for 18 hours at 100000 x g at a density of 1.006 g/cm® (Beckmann
ultracentrifuge rotor type 50) and the top layer containing VLDL was
collected. .

Negative staining of lipoproteins with 1% phosphotungstic acid was
performed (Forte et al. 1968; Groszek, Grundy 1978) and the mixture was put
on Formvar film-covered grids (1000 mesh, Tesla). Electron micrographs were
obtained using a Tesla BS 500 electron microscope (magnification x 31 320).
Particle diameters were determined on 10 micrographs by measuring 40
lipoprotein particles on each micrograph on a magnifying screen (final
magnification was x 389 105).

HDL cholesterol was estimated after removing the lighter lipoprotein
fractions by heparin MgCl, precipitation (Lopes-Virella et al. 1977).

For triglyceride and cholesterol determinations Boehringer enzymatic tests
were used.

Protein was determined by the Lowry et al. (1957) method.

Apolipoprotein B was measured by immunoprecipitation (Nowicka 1983).

Statistical significance was estimated by Student’s test.

RESULTS

Serum triglyceride, total cholesterol and HDL cholesterol levels in in-
dividual patients are presented in Table 1. Only five individuals were
normolipemic after the alcohol abuse period, one was markedly hypertrig-
lyceridemic, four were hypercholesterolemic. In one patient (G.B.) postal-
coholic liver cirrhosis was diagnosed, basing on clinical symptoms and liver
function tests.

After the period of abstinence in most of the patients the HDL cholesterol
level decreased similarly as in the results reported previously (Wehr et al.
1983). Patient J. G. represented a case of alcohol-induced hypertriglyceridemia
and as is characteristic for such individuals his results differed in this respect
(Nilson-Ehle 1979).

In other patients except J.G. a significant rise of mean triglyceride and
cholesterol content in the VLDL fraction in examination II as compared to
examination I was noted (Table 2). Electron microscopy and morphometry of
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Table 1. Serum lipids in alcohol addicted patients after alcohol abuse (I) and after 1 —2 weeks of
3 abstinence (II)
Tabela 1. Lipidy surowicy u pacjentow uzaleznionych od alkoholu po okresie naduzywania
alkoholu (I) i po 1—2 tygodniach abstynencji (II)

Patiost Age Trigly‘ceridcs Cholesterol HDL cholesterol
Pacjedth Wick Trojglicerydy Cholesterol Cholesterol HDL
mg/dl mg/dl mg/dl

I II I II I II
H.B. 56 102. 90 179 165 - -
CK 51 97 136 179 175 — —
W.G. 37 52 194 204 190 83 47
LS. 43 BENe: 50 250 170 90 83
ZZ 38 73 136 161 256 45 39
J.G. 34 399 150 193 195 39 47
G.B. 33 61 114 288 256 53 55
S.F. 33 114 125 339 292 90 83
AK. 37 120 104 361 225 97 65
J.P. 39 70 127 386 309 94 45

Table 2. Mean values of VLDL triglyceride, cholesterol and protein in alcohol addicted patients
after alcohol abuse (I) and after 1—2 weeks of abstinence (II)

Tabela 2. Srednia zawarto$é trojglicerydow, cholesterolu i biatkka w VLDL u pacjentow

uzaleznionych od alkoholu po okresie naduzywania alkoholu (I) i po 1—2 tygodniach abstynencji

(I
Triglycerides Cholesterol Protein
Trojglicerydy Cholesterol Biatko
mg/dl mg/dl mg/dl
I II I II I II
44.1+19.6 6741246 17.8+9.1 28.0+13.6 174455 224+438
p < 0.05 p < 0.05 n.s.

The values are means + SD from 9 estimations
Wartosci srednie + SD z 9 oznaczen

VLDL particles showed that in 8 out of 10 individuals VLDL diameters
increased after a period of abstinence, the differences of the mean values were,
however, nonsignificant. Electron-micrographs of representative samples are
shown in Figs. 1-3.

Since the patients represent a variety of drinking habits, liver involvement
and other characteristics, the data concerning some of the patients were
considered individually in order to evaluate whether there was a relationship
between the change of the apo B level and VLDL characteristics (Table 3). As
shown in the Table, the increase of VLDL particle size and of its triglyceride
content were usually not associated with apo B decrease.
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Fig. 1—3. VLDL particle-electronmicrographs of representative samples. Negative stai-
' ning. x 150 300
Ryc. 1—-3. Przyklady elektronogramow czasteczek VLDL. Barwienie negatywne. Pow. 150 300

Fig. 1. Patient W. G. 1 A. After alcohol abuse (mean diameter 67.8 um). / B. After 12 days of
abstinence (mean diameter 77.5 pm)
Ryc. 1. Pacjent W. G. I A. Po naduzywaniu alkoholu (przeci¢tna $rednica 67,8 um). I B. Po 12
dniach abstynencji (przecigtna $rednica 77,5 pm)
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Fig. 2. Patient Z. Z. 2 A. After alcohol abuse (mean diameter 66.3 um). 2 B. After 8 days of
abstinence (mean diameter 71.6 um)

Ryc. 2. Pacjent Z. Z. 2 A. Po naduzywaniu alkoholu (przeci¢tna s$rednica 66,3 um). 2 B. Po
8 dniach abstynencji (przecigtna $rednica 71,6 pm)
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Fig. 3. Patient J. P. 3 A. After alcohol abuse (mean diameter 29.2 um). 3 B. After 8 days of
abstinence (mean diameter 46.0 pum)

Ryc. 3. Pacjent J. P. 3 A. Po naduzywaniu alkoholu (przeci¢tna $rednica 29,2 um). 3 B. Po 8 dniach
abstynencji (przecigtna $rednica 46,0 um)
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Table 3. Examples of serum lipoprotein changes in individual patients after alcohol abuse (I) and
after 1—2 weeks of abstinence (II)
Tabela 3. Przyklady zmian w lipoproteinach surowicy u poszczegdlnych pacjentow po okresie
naduzywania alkoholu (I) i po 1—2 tygodniach abstynencji (IT)

Pationt TG-VLDL VLDL diameter VLDL particles > 100 pm  apo B
: TG-VLDL Srednia VLDL Czasteczki VLDL > 100 ym  apo B
Pacjent
mg/dl pum % mg/dl
I II I II I 11 I 11
K 52 75 327 549 0.8 1.5 52 72
W.G. 31 107 679 776 16.5 26.0 60 76
ZZ. 31 64 663 719 21.0 24.5 64 156
G.B. 36 57 799 690 20.3 18.5 9 102
A K. 84 68 355 558 1.8 3.0 102 ;165
J 30 90 293 461 0.3 1.5 92 92
DISCUSSION

In alcohol-fed baboons secretion of very large VLDL particles from the
liver was observed in an electron-microscopy study (Savolainen et al. 1986). In
the present work the large VLDL were also often observed in the bloodstream.
VLDL diameters were larger in most of the individuals after 1 —2 weeks of
abstinence than shortly after a period of heavy drinking. This unexpected
observation could be explained by a persisting secretion of triglyceride-rich
lipoproteins from the liver and a simultaneous lowering of lipoprotein lipase
activity. The decrease of VLDL turnover in the bloodstream was indirectly
indicated by the observed decrease of the HDL cholesterol level.

The large VLDL particles could undergo direct catabolism in the liver
without being converted into LDL (Stalenhoef et al. 1984). The possibility that
this was the cause of the low apo B level, often observed after alcohol abuse,
was not confirmed, however, in the present study. After 1—2 weeks of
abstinence following heavy drinking VLDL still became enriched in tri-
glycerides and their particles were still larger than before and yet in the same
persons apo B levels already increased. Thus, low LDL levels after heavy
drinking must be caused by different factors.

ANALIZA MORFOMETRYCZNA LIPOPROTEIN O BARDZO NISKIEJ GESTOSCI (VLDL)
U LUDZI UZALEZNIONYCH OD ALKOHOLU

Streszczenie

U 10 pacjentow alkoholikow po okresie naduzywania alkoholu i po 1—2 tygodniach
abstynencji mierzono przy uzyciu mikroskopii elektronowej rozmiary VLDL izolowanych ultra-
wirowaniem. Oznaczano lipidy surowicy i VLDL oraz poziom apolipoproteiny B w surowicy
i ilos¢ biatka VLDL. Po okresie abstynencji rozmiary VLDL u wiekszosci badanych wzrastaty
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w stosunku do rozmiaréw stwierdzonych po okresie intensywnego picia. Ilos¢ trojglicerydow
i cholesterolu VLDL byla wtedy wyzsza. Mozna sadzi¢, ze wydzielanie wysokotrojglicerydowych
VLDL do krwioobiegu utrzymywalo si¢ dluzej po zaprzestaniu picia niz wzmozona lipoliza
VLDL. Stwierdzono, ze niski poziom apolipoproteiny B, czgsto obserwowany po naduzywaniu
alkoholu, nie byt zwigzany z obecnoscia duzych czasteczek VLDL, ktore by¢ moze, sa rozkladane
bezposrednio w watrobie bez ich transformacji w LDL.

MOP®OJIOTMYECKUN AHAJIM3 JIMIIONTIPOTEMHOB C OYEHb HHU3KOW IUIOT-
HOCTBIO (VLDL) V JIFOJEN 3ABUCSIIMX OT AJIKOI'OJiA

Pe3omMme

V 10 GonbHBIX — AJIKOrOJIMKOB 3JIEKTPOHHO-MHKPOCKOIHWYECKH MCCIIEI0OBAJIMCh Pa3MeEphl
VLDL nocne nepuoaa 3710ynoTpedJIeHHs alKorojoM M mocie 1 —2 HeleNbHOro BO3JEpXKaHHS.
VLDL wu30/MpoBaiuch METOJOM YJbTpaneHTpudyrupoBanus. B ceiBopoTke 00603Hauanuch
mamuasl 1 VLDL a takke ypoBeHb amojumnonporenHa B u xommdectBo Genka VLDL.

IMocne mepuosa Bo3aepxanusi pasmepbl VLDL y GonbmnHCTBA GOMBHBIX YBEIHYAJIHMCh MO
CPaBHEHHMIO C pa3Mepamu, OOHapyXeHHbIMH IIOCJIE TEPHOJA 3JIOYNOTPEOJICHHS AJIKOrOJIeM.
Konu4ecTBO TPHIJIMLIEPHIOB M XOJleCTepHHa OBUIO BbILLE, Y4eM B KOHTPOJIBHX Ciy4asx. BepositHo
cekpenusi U kpoBeHocHoe pycio VLDL GoraTelX TpHIJIMLEPHAAMH, COXPaHSANACh JOJDKE, 4eM
ycuneHHbit nunonu3 VLDL. i ;

OO6HapyXeHO, YTO HH3KHH YpOBEHb anoJumonpoTeMHa B, Habmomaemsiif yacTo mocie
3/10ynoTpedieHns ankoroJieM, He Grl cBsi3aH ¢ npucyTcTBHeM 6osbimx monekyn VLDL pacnan
KOTOPBIX MOT IPOMCXOJMTh HETOCPEACTBEHHO B neueHH, Ge3 Tpanchopmaumuu B LDL.
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NEUROPATOLOGIA ZESPOLU REYE'A

!Pracownia Neuropatologii Rozwojowej Centrum Medycyny Doswiadczalnej i Klinicznej PAN,
Warszawa, 20ddzial Intensywnej Terapii i Reanimacji i 3Zaklad Patomorfologii Instytutu
Pediatrii Akademii Medycznej, Warszawa

Reye i wsp. w 1963 r. opisali po raz pierwszy zespot chorobowy skladajacy
si¢ z nagle wystgpujacych objawow uszkodzenia osrodkowego ukladu ner-
wowego i watroby, w ktorej stwierdza si¢ (w materiale biopsyjnym lub
posmiertnie) stluszczenie. Od tego czasu pojawily si¢ liczne opisy dalszych
przypadkow tej choroby, ktora dotyczy dzieci w wieku od kilku miesigcy do 18
lat. Pojedyncze zachorowania spostrzegano takze u dorostych (Vanholder
i wsp. 1979). Obecnie uwaza si¢, ze zespo! Reye’a mozna rozpozna¢ na
podstawie objawOw ostrych zaburzen moézgowych (nagle wymioty, napady
drgawkowe, zaburzenia $wiadomosci narastajace do $piaczki), poprzedzonych
krotka infekcja niezytowa gornych drog oddechowych lub przewodu pokar-
mowego oraz zaburzen funkcji watroby (podwyzszony poziom aminotrans-
feraz, przedtuzony czas protrombinowy, hiperamonemia we krwi) (Hutten-
locher, Trauner 1978). Nalezy wylaczy¢ inne przyczyny stwierdzanych ob-
jawow neurologicznych. Choroba ma przebieg burzliwy i w 25— 52% przypad-
kow (w zaleznosci od nasilenia objawow neurologicznych) zejsciem $piaczki
jest zgon (Manz, Colon 1982). Catkowite wyzdrowienie nastgpuje rzadko. Po
przebyciu zespolu Reye’a w czesci przypadkow pozostaja neurologiczne
objawy ubytkowe: uposledzenie umystowe, napady padaczkowe, porazenie
potowicze. Etiologia zespotu Reye’a nie jest dotychczas ustalona. Wielokrotnie
stwierdzano, ze do zachorowania usposabiaja zakazenia wirusowe najczgsciej
z grupy varicella i grypy A, B, ale dotychczas niezwykle rzadko izolowano te
wirusy w ukladzie nerwowym u chorych z zespotem Reye’a. Niektorzy autorzy
wymieniaja jako potencjalna przyczyne zespotu Reye’a egzogenne toksyny
(salicylany, insektycydy), inni sugeruja genetyczna predyspozycj¢ do zaburzen
metabolicznych, ktére ujawniaja si¢ w tym zespole przy infekcji wirusowej
i/lub pod wplywem czynnikéw toksycznych (Manz, Colon 1982). Wysoka
$miertelnosc i nieustalona etiopatogeneza zaburzen w zespole Reye’a wymaga
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dalszych badan i obserwacji. Wobec wiodacych klinicznie objawdéw neuro-
logicznych wydaje si¢ rowniez istotna analiza zmian w ukladzie nerwowym.

Celem pracy jest przedstawienie neuropatologii zespotu Reye’a na pod-
stawie oceny wlasnych przypadkow.

MATERIAL I METODY

Badany material stanowia 4 przypadki sekcyjne dzieci zmartych w Oddziale
Intensywnej Terapii i Reanimacji Instytutu Pediatrii AM w Warszawie,
u ktorych klinicznie rozpoznano zesp6t Reye’a, a w badaniu anatomopatologi-
cznym stwierdzono stluszczenie watroby. Wiek dzieci wynosit od 6 miesiecy do
2 lat. Badania sekcyjne wykonano w Zakladzie Patomorfologii Instytutu
Pediatrii AM w Warszawie. Badania neuropatologiczne przeprowadzono
w Pracowni Neuropatologii Rozwojowej Centrum Medycyny Doswiadczalnej
i Klinicznej PAN. Do badan tych pobierano wycinki z potkul mozgu, pnia
oraz moézdzku. Material zatapiany w parafinie barwiono hematoksylina
i eozyna, fioletem krezylu oraz wedlug metody Kliivera— Barrery.

WYNIKI

Dane kliniczne, laboratoryjne i anatomopatologiczne omawianych przypa-
dkoéw przedstawia tabela 1.

Badaniem neuropatologicznym makroskopowo stwierdzono obrzek moézgu
w 2 przypadkach — z podwyzszeniem cigzaru w stosunku do normy o 14%
(przypadek 4) i 57% (przypadek 3). W pozostalych dwoch przypadkach
widoczne bylo: w przypadku 1 obnizenie spoistosci istoty bialej prawej potkuli
moézgu na poziomie ciemieniowo-potylicznym i w przypadku drugim ograni-
czone krwawienie podpajeczynowkowe w okolicy ciemieniowo-skroniowej
prawej.

Badanie mikroskopowe ujawnilo wyrazne uszkodzenie kory potkul moz-
gowych, w przypadku 3 w formie ostrego schorzenia neuronéw z chromatoliza
oraz ubytkow neuronalnych, a w pozostatych przypadkach w postaci wieloog-
niskowych rozleglych opustoszenn neuronalnych (ryc. 1). W obrgbie pnia
moézgu nie stwierdzono zmian, z wyjatkiem przypadku 2, w ktéorym spo-
strzegano wyrazne cechy schorzenia ischemicznego komorek nerwowych
w oliwkach i w tworze siatkowatym. W jednym roéwniez przypadku (przyp. 1)
stwierdzono zmiany w mozdzku. W obrebie potkul obserwowano odcinkowy,
a w robaku catkowity brak komorek Purkinjego z wyrownawczym rozplemem
gleju Bergmanna oraz ogniskowe przerzedzenia w warstwie ziarnistej (ryc. 2).
W istocie bialej potkul moézgu stwierdzono przekrwienie we wszystkich
przypadkach i cechy obrzgku (ryc. 3) w tych przypadkach, w ktérych byt on
widoczny makroskopowo (przyp. 3 i 4). W jednym przypadku (przyp. 1)
w istocie bialej potkuli prawej znaleziono drobne ogniska martwic z obecnoscia
pojedynczych makrofagéw oraz uogoélniony rozplem i przerost komorek
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W/AIEEVENEy) IRUVVIBRVYVAS GRS PRVIEVEGRNES WS

Badania laboratoryjne

Nr P . . Laboratory investigations Czas
3 b Glowne objawy kli- - przezycia Rozpoznanie
Lp P r;i wiek POP niczne biliru- Cikier TR w dniach anatomopatologiczne
No pé = Age o Main clinical bina cal- Yoot trombi- Survival Pathological
ase Antecendent symptome and signs LGtata we krwi nowy plyn i di -
No fllness P B8 GOT blood T L
total ghacase prothrom CSF in days
bilirubin % bin time
mg% e sec
infekcja wymioty, drgawki, 485 0,6 15 42 prawidlowy S stluszczenie i ogniska
1 49/84 6 mies kataralna oczoplas, $piaczka, 2,32 normal martwicy w watrobie,
6 month catarrhal zaburzenia oddychania obustronne zapalenie
infection ptuc
vomiting, convulsions, Liver steatosis and
nystagmus, coma, focal necrosis
respiratory Pneumonia bilateral
disturbances
2  46/84 8 mies infekcja wymioty, bradykardia, 365 — 15 - prawidlowy 2 Sttuszczenie i ogniska
8 month kataralna, drgawki, zaburzenia normal martwicy w watrobie
biegunka oddychania :
catarrhal vomiting, bradycardia Liver steatosis and
infection convulsions, respi- focal necrosis
diarrhoea  ratory disturbances
3 43/84 10 mies zapalenie wymioty, drgawki, 1785 - 80 — prawidlowy 4 Sttuszczenie i ogniska
10 month gardta $piaczka, zaburzenia normal martwicy w watrobie
oddychania
pharyngitis vomiting, convulsions, Liver steatosis and
coma, respiratory focal necrosis
disturbances
4 65/84 2 lata biegunka wymioty, drgawki, 1395 0,58 120 — prawidlowy 8 Sttuszczenie watroby
normal Zapalenie pluc ropne

2 years diarrhoea

$piaczka, zaburzenia
oddychania
vomiting,
convulsions, coma,
respiratory disturbances -
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Liver steatosis
Purulent pneumonia




Ryc. 1. Przypadek 2. Ubytki neuronalne w korze moézgowej. Fiolet krezylu. Pow. 60 x
Fig. 1. Case 2. Neuronal loss in cerebral cortex. Cresyl violet. x 60
Ryc. 2. Przypadek 1. Zanik komérek Purkinjego z wyrownawczym rozplemem gleju Bergmanna
i ogniskowe przerzedzenia warstwy ziarnistej kory moézdzku. Fiolet krezylu. Pow. 100 x
Fig. 2. Case 1. Atrophy of Purkinje cells with proliferation of Bergmann’s glia and focal
rarefactions of granular layer in cerebellar cortex. Cresyl violet. x 100

3

Ryc. 3. Przypadek 4. Obrzgk w istocie bialej. H — E. Pow. 200 x
Fig. 3. Case 4. White matter edema. H — E. x 200

Ryc. 4. Przypadek 1. Przerost i rozplem astrogleju w istocie bialej. Niektore astrocyty przypomina-
ja komorki Alzheimera typu II. Fiolet krezylu. Pow. 400 x
Fig. 4. Case 1. Hypertrophy and proliferation of astroglial cells in white matter. Some astrocytes
resembling Alzheimer, type II cells. Cresyl violet. x 400
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astrogleju. Niektore astrocyty przypominaly komorki Alzheimera typu II,
mialy powigkszone jadra i niewidoczna cytoplazme (ryc. 4). Tylko w tym
przypadku stwierdzono ogniska zgabczen w okolicy korowo-podkorowe;j (ryc.
5). We wszystkich przypadkach, w niektorych naczyniach wystgpowalo wy-
krzepianie wewnatrznaczyniowe. W oponach moézgu w przypadku 3 obser-
wowano pojedyncze makrofagi i limfocyty, a w przypadku z krwotokiem
podpajeczynowkowym (przyp 2) — pojedyncze leukocyty wokot wybroczyn.
W przedstawionych przypadkach nie znaleziono wyraznego zespotu zmian
zapalnych w osrodkowym ukiadzie nerwowym.

W badaniu anatomopatologicznym w 3 przypadkach (przyp. 1, 2 i 3)
stwierdzono w watrobie stluszczenie i ogniska martwicy oraz stluszczenie
w przypadku 4 (ryc. 6).

§ gy

Ryc. 5. Przypadek 1. Zgabczenie tkanki nerwowej na pograniczu korowo-podkorowym. Klii-
ver — Barrera. Pow. 60 x ]
Fig. 5. Case 1. Nerve tissue spongiosis in the cortico-subcortical borderzone. Kliiver —Bar-
rera. x 60

Ryc. 6. Przypadek 4. Rozlane stluszczenie hepatocytow watroby. H — E. Pow. 400 x
Fig. 6. Case 4. Diffuse fatty degeneration of liver hepatocytes. H — E. x 400

OMOWIENIE

W przedstawionych przypadkach zespolu Reye’a analiza zmian mor-
fologicznych w os$rodkowym ukladzie nerwowym wykazala, oprécz obrzeku
mozgu, rozsiane ubytki i uszkodzenia neurondéw, przede wszystkim kory
potkul mézgowych. Manz i Colon (1982) w sekcyjnie przebadanych przypad-
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kach tego zespolu obserwowali w mozgach podobne, a nawet cigzsze zmiany.
Wieloogniskowe martwice ischemiczne wystgpowaly nie tylko w korze, ale
roOwniez w zwojach podstawy, migdzymodzgowiu oraz w pniu mozgu i towarzy-
szyly obrzgkowi mozgu we wszystkich przypadkach. Wymienieni autorzy
uwazaja, ze poczatkowe objawy zespolu Reye’a (wymioty, Spiaczka) sa
zwigzane z narastajacym obrzgkiem moézgu, natomiast podtozem neuropatolo-
gicznym poOzniejszych objawow obserwowanych po przebyciu zespolu (upo-
sledzenie umystowe, napady padaczkowe, niedowlady polowicze) sa liczne,
wieloogniskowe mikrozawaly w potkulach i w pniu moézgu. Zdaniem Manz
i Colon (1982) jest to zgodne z ewolucja uszkodzen w osrodkowym ukladzie
nerwowym. Obrzek moézgu zagraza bowiem moézgowemu przeptywowi krwi
przez wzrost ciSnienia wewnatrzczaszkowego, przez spadek moézgowego cis-
nienia perfuzyjnego, a szczegoOlnie przez zamknigcie przeplywu krwi we
wlosniczkach. Zmniejszony przepltyw mozgowy doprowadza do niedokrwienia
i do wieloogniskowych, drobnych, widocznych mikroskopowo zawatow w pot-
kulach moézgu i w pniu moézgu (Venes i wsp. 1978; Manz, Colon 1982).
Zaburzenia metaboliczne towarzyszace zespotowi Reye’a (np. hiperamonemia,
hiperglikemia) moga réwniez modyfikowa¢ obraz zmian morfologicznych
w ukladzie nerwowym. Obserwowane w jednym z naszych przypadkow formy
astrogleju, przypominajace komorki Alzheimera typu II moga by¢ wyrazem
udziatu ostrej niewydolnosci watroby w rozwoju zmian w moézgu (Mossakows-
ki 1966). Pytanie, w jakim stopniu encefalopatia jest spowodowana wtornie
przez niewydolnos¢ watroby (Huttenlocher i wsp. 1969) pozostaje jednak
otwarte. Rozwazana jest bowiem mozliwos¢, ze poczatkowe objawy kliniczne
zespolu Reye’a wywoluje wspolny czynnik, ktory uszkadza rownoczesnie
watrobe i mozg (De Vivo 1984). W swietle wynikow badan ultrastrukturalnych
hipoteza istnienia takiego czynnika wydaje si¢ prawdopodobna. Partin i wsp.
(1975, 1978) w materiale biopsyjnym pobranym z watroby i tkanki mézgu
chorych z zespolem Reye’a stwierdzili nieprawidlowe mitochondria w hepato-
cytach i podobnie zmienione mitochondria w neuronach. Analogiczne zmiany
w mitochondriach wiokien migsniowych, zwlaszcza typu I, obserwowali
w biopsjach migsni Hanson i Urizar (1977). Wyniki te pozwalaja przypuszczac,
ze czynnik wywotujacy zespot Reye’a (wirus?) uszkadza mitochondria komor-
kowe w sposob uogélniony w roznych narzadach. Badanie mikroskopo-
wo-elektronowe migsni wedtug Shapira i wsp. (1981) moze by¢ badaniem
morfologicznym, potwierdzajacym rozpoznanie zespolu Reye’a. Shapira i wsp.
uwazaja, ze dotychczas stosowana biopsja watroby jest badaniem mniej
bezpiecznym ze wzgledu na wspolistniejaca w tej chorobie koagulopatie.

Przebieg zespolu Reye’a jest znacznie cigzszy u dzieci ponizej 2 lat
(Huttenlocher, Trauner 1978). Wydaje si¢, ze mozna to wigzac z trwajacym do
tego wieku okresem intensywnego dojrzewania moézgu, co czyni go szczeg6lnie
wrazliwym na dzialanie calego zespolu czynnikéw uszkadzajacych uklad
Nerwowy.
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NEUROPATHOLOGY OF REYE’S SYNDROME

Summary

Morphological analysis of changes in the central nervous system was performed in four
children who died in the age from 6 months up to 2 years with clinical diagnose of Reye’s
syndrome. Anatomopathological examination revealed in all cases liver steatosis. Neuropat-
hological study revealed brain edema and multifocal damage and loss of cortical nerve cells in the
cerebral hemispheres. On the base of the literature data, actual views on the ethiopathogenesis of
Reye’s syndrome are presented. Worth mentioning are ultrastructural results obtained on biopsy
material which revealed similar mitochondrial changes in neurocytes, hepatocytes and muscle cells.
This suggests the existence in the Reye’s syndrome a common toxic factor which damages
simultaneously brain and liver.

HEBPOITATOJIOTUSAA CUHAPOMA REYE’A

Pe3ome

Uccnenopanuck  MopdosiorHueckHe HM3MEHEHMS  LEHTPAJbHOM  HEPBHOW  CHCTEMBI
B 4 CEKIIMOHHBIX CITy4¥asiX y A€Tel B BO3POCTE OT 6 MeCsIEB A0 2 JIET, Y KOTOPHIX KJIHHHYECKH ObLI
NOoCTaBjeH [uarHo3 cuHapoma Reye’a. [Ipy 1naToJIOrOaHAaTOMHYECKOM  HCCIICJOBAHHH
0OHapyXeHO OXHpPEHHE mNe4YeHH. MHKPOCKONHYECKOe MCCIeJOBaHWE MOKa3aJio, 4TO HapsAy
C OTEKOM MoO3ra npeobiafiali MHOroO4aroBbie OBPEXICHHS H BOCHAJICHHE HEHPOHOB B KOpe
6onbumx monymapuii Mo3ra. Ha OCHOBaHMM MaHHBIX JIATEPATyphl AaHbl COBPEMEHHBIE
nipe/icTaBieHys 00 ITHONaToreHe3e cuHapoma Reye’a. MIHTepecHb! pe3y/ibTaThl yabTPacTPYKTYPHBIX
MCCIIeIoBaHMi GHONICHU: OHM MOKA3BIBAIOT CXOIHBIE MOBPEXACHHS MUTOXOH/IPHIi B FeNaTOLMTAX,
HEPOHAX M MBIIIEYHBIX KJIETKaX. DTH Pe3yIbTaThl CBUACTENLCTBYIOT O TOM, YTO MPH CHHAPOME
Reye’a neficTByeT TOKCHYECKHI (PakTOp, MOBPEXAAIOIIMH OTHOBPEMEHHO TEYeHb M MO3T M MBILLILIBI.
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The problem of brain ageing may be considered from different points of
view. One of possible approaches involves the study of changes in the
chemistry of membranes of structural components in the nervous tissue. In our
previous studies we studied the subject on autoptic human material of patients
deceased at an age above 70 years (Wender et al. 1987b). In the same paper we
have summarized the data from the literature concerning changes in ageing
brain myelin.

Chemical alterations noted by us, both in the frontal lobe and the
cerebellum involved an increase in lysophosphatidylcholine content and
marked decrease in myelin yield. In the cerebellum additionally a decrease in
sulfatide content and a slight increase of phosphatidylethanolamine was noted.
The results were almost identical in two groups of patients, differing in the
neuropathological pattern of lesions, i.e. in patients with dominant vascular
changes in the brain and in those with senile atrophy of Alzheimer type.

Studies of the autoptic material are valuable, because they provide the only
chance to evaluate directly the changes in the human brain. However, there
exists a risk that the observed alterations might be modified by secondary
factors such as long lasting treatment, agonal as well as postmortal changes.
Therefore, we have repeated the studies on material of aged rats, in which it
was possible to avoid the above mentioned secondary changes.

MATERIAL AND METHODS

The studies were performed on the material of 14 Wistar rats of both sexes,
sacrificed at the age of more than 2 years. The results were compared with
those established in 6 young adult animals (4—6 months old).

Isolation of myelin

The whole rat brain was the source of myelin fraction, isolated according to
the method of Norton and Poduslo (1973). The final sediment was lyophilized.
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Extraction of myelin lipids

Lyophilized myelin samples were extracted and partitioned according to
Folch-Pi et al. (1957). After separation of the chloroform phases, the extracted
total lipids were separated by means of column and thin-layer chromatograp-
hy, after Svennerholm (1964) and Singh et al. (1971).

Determination of lipids

Cholesterol was quantitated using the method of Sperry and Webb (1950)
and galactolipids — by the method of Radin et al. (1955). Phosphorus content
of the so separated and identified spots was determined after elution, using the
method of Bartlett (1959).

RESULTS

Results of studies on myelin lipids of aged brain in rats are presented in
Table 1 and those pertaining to the pattern of phospholipids are shown in
Table 2.

The characteristic deviations in the aged brain involved all main lipid
fractions, i.e. cholesterol, phospholipids and galactolipids. As to the first
fraction, the level of free cholesterol was unchanged, but a marked increase of
cholesterol esters was noted. Very pronounced deviations involved galac-
tolipids, both fractions of which, sulfatides and cerebrosides were significantly
decreased. In phospholipids, a very striking difference was the marked increase
of lysophosphatidylcholine. Also two other phospholipids: phosphatidyletha-
nolamine and phosphatidylcholine showed a significant increase in the aged
myelin.

Table 1. Pattern of myelin lipids of the'brain of aged rats
Tabela 1. Obraz lipidow mieliny istoty bialej mozgu starzejacych si¢ szczuréow

Results in mmol/100 g of dry myelin  Results in % of total lipids

Wyniki w mmol/100 g suchej mieliny Wyniki w % catkowitych lipidow

Young adult rats  Aged rats  Young adult rats  Aged rats
Mtode doroste Starzejace si¢ Mlode doroste Starzejace sig

Szczury szczury szczury szczury

g:g:::::g: 39.3£2.0 39.8+2.7 30.6+ 0.6 304+17
Es“t‘;'jsc‘;;‘;;fjﬁgﬁ 0.140.03 17403%  0.0140.01 1340.2%*
g::g:;;e; 3.8+0.1 2740.1** 68+ 04 4.9+0.3%*
g::::gii;:; 147102 12240.6** 237+ 0.7 19.840.9*
Z:::Lf;?c;::;iﬁip; i 18.440.2 14940.7**  30.5+ 0.8 24.741.2%
:::lg':ﬁzl{;lyms 13102 1.940.2* 21+ 0.1 3.040.3
Phosphatidylcholine 7T 8.8+0.6* 12.5+ 0.7 13.940.5

Fosfatydylocholina

Iittp://rcin.org



Tabela 1.

Myelin lipids in aging 557

Results in mmol/100 g of dry myelin  Results in % of total lipids
Wyniki w mmol/100 g suchej mieliny Wyniki w % catkowitych lipidow

Young adult rats  Aged rats  Young adult rats  Aged rats
Miode doroste Starzejace si¢ Mlode doroste Starzejace si¢
szczury szczury szczury szczury
| yeophospheidyiggheline 0.6+0.07 16+£0.1** 0.6+ 0.1 1.6+0.2%
Lizofosfatydylocholina
Phosphatidylserine
+ Phosphatidylinositide
Fosfatydyloseryna 2:540.2 2.7+0.3 44+ 0.2 4.6+04
+ Fosfatydyloinozytol
Phosphatidylethanolamine S o
Fosfatydyloetanoloamina 2.840.1 53+04 41+ 0.2 7.6+0.2
Plasmalogens (<5
Hidenmdogenys 10.3+0.3 9.0+0.8 152+ 03 129+04
Total phospholipids 5
Calkowite. faslilids 254413 29.3+1.8 389+ 0.7 436+1.1
Young adult rats: n— 6 Mean + SEM Statistical significance
Mtode doroste szczury: n — 6 Srednia + $redni blad $redniej Znamiennosé statystyczna
Aged rats: n — 14 *p <0.05
Starzejace si¢ szczury: n — 14 **p <£0.01

Table 2. Pattern of myelin phospholipids of the brain of aged rats

Tabela 2. Obraz li

pidéw mieliny istoty bialej mozgu starzejacych si¢ szczurow

Results in % of total phospholipids

Wyniki w % catkowitych fosfolipidow

Young adult rats Aged rats
Mtode doroste szczury Starzejace si¢ szczury

Spbingomysie 53403 7.040.6

Sfingomieliny

Phosphatidylcholine

3 4 1.940.5

Fosfatydylocholina it o et

Lysophosphatidylcholine 940.7*

Lizofosfatydylocholina 18203 3910.

Phosphatidylserine

+ Phosphatidylinositide 113405 109408

Fosfatydyloseryna

+ Fosfatydyloinozytol

Phosphatidylethanolamine

: ; 17.240.8**

Fosfatydyloetanoloamina 103204 t

g 39.240.9 29.140.8%*

Plazmalogeny
Young adult rats: n— 6 Mean + SEM Statistical significance
Miode doroste szczury: n — 6 Srednia + $redni blad $redniej Znamiennosé statystyczna
Aged rats: n —14 *p < 0.05
Starzejace si¢ szczury: n — 14 **p < 0.01
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DISCUSSION

Chemical studies of myelin in the ageing brain have shown several
deviations in the lipid pattern in comparison with that characteristic for the
adult age. The findings observed by us as well as by other authors (Horrocks
1973; Horrocks et al. 1975; Wender et al. 1987b) concern the first of all
a decrease in total myelin content in the brain, noticed as a decrease of myelin
yield. The other alterations involved changes in the composition of myelin as
well as of other membranes of the nervous tissue.

In our studies of the ageing rat brain we established a marked transfor-
mation of the myelin lipid pattern: increased content of phospholipids, mainly
of lysophosphatidylcholine and phosphatidylethanolamine with a reciprocal
decrease of galactolipids, both sulfatides and cerebrosides. In aged myelin
some excess of cholesterol esters has also been noticed. The general trends in
deviations of the myelin lipid pattern in the course of ageing in rats resemble
those described in our previous studies concerning human autoptic material.
However, the changes were more pronounced in the animal brain.

Deviations in lipid content and composition of aged myelin must have
resulted from changes in the rate of anabolism, catabolism or both. Horrocks
(1973) studied the turnover of ethanolamine phosphoglycerides in myelin
mitochondrial and microsomal fractions from brains of mice aged 40, 150, and
730 days. In aged mice the turnover rate was only 1/3 to 1/6 the rate observed
at an early adult age. These decreased metabolic rates reflect decreased enzyme
activities.

Gaiti et al. (1986), studying the phospholipid metabolism in ageing brain,
expressed the opinion that the aging brain loses progressively its ability to
synthesize the main phospholipids by the ex novo pathway. This loss may be
due to various causes, however, the most important seems to be the reduced
capability to utilize the simplest precursors of phosphoglyceride biosynthesis.
The phenomenon is not general because phosphatidyl synthesis in some brain
areas, as in the hippocampus, is relatively unaffected by aging. The same
concerns some selectivity in various phospholipid fractions, because, as we
have noticed, some myelin phospholipid fractions are more affected than
others. This results in transformation of the phospholipid composition of
myelin membranes in the ageing brain.

In the aged myelin of rats we have observed an increased content of
lysophosphatidylcholine and cholesterol esters. Both phenomena are typical
for degenerative changes of the myelin sheath, the first for the late period of
myelin decomposition, while the second one for early demyelinating lesions.
We observed the same in myelin of rat brain after experimental hypoxia
(Wender et al. 1987a). These observations testify that the increased amount of
lysocompounds or increased cholesterol esterification alone do not lead to
demyelination, unless supplemented by the activity of cellular components,
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provoked by immunological reactions. The increased content of lysocom-
pounds and cholesterol esters in myelin is only a sign of degenerative changes
in a broad sense.

CONCLUSIONS

1. Aged rat myelin exhibits in the lipid pattern an increase of lysophos-
phatidylcholine, phosphatidylethanolamine and cholesterol esters contents,
whereas sulfatides and cerebrosides are decreased.

2. In the ageing rat brain some transformation of the phospholipid pattern
of myelin membranes takes place.

3. The increased content of lysocompounds and cholesterol esters in aged
myelin are signs of degenerative changes in the brain membranes.

LIPIDY MIELINY W STARCZYM MOZGU SZCZURA

Streszczenie

Badano obraz lipidow mieliny w mézgu szczuréw o wieku powyzej 2 lat. Wyniki poréwnano
z danymi uzyskanymi u miodych dorostych zwierzat (4—6 miesigcznych).

Obraz lipidow mieliny badano przy uzyciu metod chromatografii kolumnowej i cienkowarst-
wowej.

Uzyskane wyniki doprowadzily do nastgpujacych wnioskow:

1. Obraz lipidow mieliny mozgu starczych szczuréow wykazuje wzrost zawartosci lysofos-
tatydylocholiny, fosfatydyloetanoloaminy i estrow cholesterolu, przy spadku zawartosci sul-
fatydow i cerebrozydow.

2. W starzejacym si¢ mozgu szczura nastgpuje przeksztalcenie obrazu fosfolipidéw bion
mielinowych. figs

3. Wzrost zawartosci lyzozwiazkow i estréw cholesterolu w starzejacej si¢ mielinie stanowi
objaw zmian zwyrodnieniowych tej blony mozgu.

JIMITUAbl MHUEJIMHA B MO3I'Y CTAPBIX KPbIC

Pe3ome

Hccnenosanuch JIMNMIbLI MHEIHHA B MO3TY KphIC B BO3pacTe crapiue 2 jeT. PesayastaThi
CPaBHHMBAJIMCh C JAHHBIMH, MOJYYCHHBIMH Ha MOJIOJBIX B3POC/IbIX XHBOTHBIX (4—6 Mecsues).
WUccne0Banns NpOBOMMIIMCE C TIPHMEHEHHEM KOJIOHOYHOH W TOHKOCJIOWHOM XpoMaTorpaguu.

IMony4eHHbie pe3ynbTaThl Jaji BO3MOXHOCTb CAENAaTh CJEAYIOUIE BBLIBOBI:

1. AHajM3 JMOMIOB MHEIHHA MO3ra CTAaphiX KPhIC CBHAETENLCTBYET 00 yBENIHYEHHH
xosmyecTsa an3opochaTuanaxonuna, GochaTHINIITAHONAHAHA H IPHPOB XOJIECTEPHHA H MOHH-
KEHHH KOJIMYECTBa Cyab(aTHIOB H 1epe6pO3nIOB.

2. B MO3ry cTapbiXx KpbiC NMPOHCXOJHT HW3MEHEHHE CTeKTpa (POCHONMNUAOB MHETHHOBHIX
MeMOpaH.

3. VBenuyeHHe KONHYECTBA JIH30CBA3CH H 3(pHPOB XOJIECTEPHHA B MHEIHHE MO3ra CTaphiX
KpbIC SBJAETCA NPOABJICHHEM NETCHEPATHBHLIX M3MEHEHMH 3THX MeMOpaH.
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PODOSTRE STWARDNIAJACE ZAPALENIE MOZGU
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W badaniach dotyczacych topografii procesu patologicznego w podostrym
stwardniajacym zapaleniu mozgu (panencephalitis scleroticans subacuta
— SSPE) stwierdza si¢ czgsto maksymalne nat¢zenie zmian w istocie bialej
potkul mozgowych. Przewazajace lub rowne istocie bialej zajecie kory obser-
wowano stosunkowo rzadko (Osetowska 1980). W serii 50 przypadkow
przebadanych neuropatologicznie przez Osetowska (1959, 1961) na duzych
skrawkach pétkulowych tylko w 3 przypadkach autorka stwierdzila przewaza-
jace uszkodzenie kory, w 10 przypadkach zmiany w korze i istocie bialej
wykazywaly jednakowe nasilenie, natomiast w pozostalych 35 przypadkach
w zespole patomorfologicznym dominowaly zmiany w istocie bialej potkul
mozgowych. Patomechanizm uszkodzen kory w SSPE nie jest dokladnie
poznany. W piSmiennictwie z tego zakresu podkreslano mozliwo$¢ wspot-
dzialania wielu czynnikow, przy czym szczegélnie duzo uwagi po$wigcono
zaburzeniom krazenia i oddychania, uszkodzeniu $cian naczyn i obrzekowi
moézgu (Tariska 1961, 1966; Koernyey 1965; Fontana i wsp. 1967; Csermely,
Sziies 1970).

Przedstawiony przypadek SSPE wydaje si¢ interesujacy ze wzgledu na
przebyty uraz czaszki przez pacjentke i jego modyfikujacy wplyw na przebieg
kliniczny schorzenia i zwigzane z tym trudnosci diagnostyczne, jak rowniez ze
wzgledu na obraz morfologiczny mozgu z rozleglym uszkodzeniem kory.

OPIS PRZYPADKU

Dziewczynka lat 14, zdrowa w opinii rodzicow, doznata urazu w wypadku
drogowym i zostala przyjeta do Oddzialu Neurologicznego Wojewodzkiego
Szpitala Dziecigcego w Dziekanowie Lesnym (Nr ks. gl. 2841/85) z powodu
wstrza$nienia mozgu, ztaman kosci zuchwowej i udowej oraz ogdlnego
potluczenia. W czasie pierwszych 4 tygodni hospitalizacji stan kliniczny chorej
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poprawial si¢ i rokowanie wydawato si¢ pomyslne. Po tym okresie pojawity si¢
sennos¢ i szybko narastajace zaburzenia kontaktu, a w badaniu neurologicz-
nym stwierdzono niedowlad czterokonczynowy z lewostronnymi objawami
piramidowymi. Na dnie oczu widoczne bylo lekkie zatarcie granicy tarcz
nerwoOw wzrokowych od gory i nosa z nieznacznym poszerzeniem zyl.
W badaniu ptynu moézgowo-rdzieniowego stwierdzono nieznacznie wzmozong
pleocytoze (28/3), poziom biatka byt w normie (44 mg%). Badanie CT moézgu
nie wykazalo zmian. W zapisie EEG obserwowano rozsiane zmiany w postaci
polimorficznych fal delta, srednio i wysokonapigciowych o czgstosci 2—3 ¢fs,
o charakterze uogélnionym z nieznaczng przewaga w lewej potkuli. W ciagu
2 tygodni od wystapienia objawow pogorszenia, a w 6 tygodni po wypadku
rozwingl si¢ zespol sztywnosci odmozdzeniowej z prezeniami calego ciala.
Ponownie wykonane badanie CT mozgu wykluczylo obecnos¢ krwiaka srod-
czaszkowego. Wyniki pozostatych badan diagnostycznych, wykonanych z po-
wodu pogorszenia stanu dziecka, jak rowniez zespot objawow neurologicznych
wskazywaly na rozwoj procesu chorobowego o charakterze ogélnomoézgowym,
nie zwigzanym bezposrednio z uszkadzajacym dzialaniem urazu. Na krotko
przed zgonem dziewczynki, rodzice nastawieni roszczeniowo do sprawy urazu,
zdecydowali si¢ na uzupelnienie wywiadu dotyczacego okresu przedwypad-
kowego. Podali oni, ze w roku szkolnym poprzedzajacym wypadek zasiggali
porady specjalistycznej w zwiazku ze skargami dziecka na bole glowy
i obserwowane trudnosci w nauce. Uzyskano ponadto informacj¢, ze w wieku
2—3 lat dziewczynka przebyla odre. Natychmiast wystano krew chorej na
oznaczenie przeciwcial przeciwodrowych i uzyskano wynik: OZHA z wirusem
odry 1:512. Przed $miercia dziewczynka zagoraczkowala bardzo wysoko,
wystapily objawy zapalenia pluc i ukladu moczowego. Zmarla po uplywie
3 miesigcy od wypadku wsrod objawow zatrzymania czynnosci serca. Klinicz-
nie rozpoznano SSPE, posocznicg, stan po przebytym urazie (wypadek
lokomocyjny).

Wynik badania sekcyjnego (dr L. Matuszkiewicz): z istotnych odchylen
stwierdzono prawostronne platowe zapalenie pluc, czgsciowo ropne, posocz-
nica.

Badanie neuropatologiczne

Badanie makroskopowe mozgu utrwalonego w formalinie, poza wklinowa-
niem hakow i migdatkow moézdzku oraz przekrwieniem opon migkkich,
wykazato rozlegle uszkodzenie kory i istoty bialej potkul moézgowych. W okoli-
cy biegunow czotowych widoczne bylo obustronnie odcinkowo wystgpujace
zatarcie granicy korowo-podkorowej (ryc. 1). Podobne zmiany stwierdzono
rowniez w obu platach skroniowych i ciemieniowych. Natomiast w okolicy
stykow ciemieniowo-potylicznych i w platach potylicznych uszkodzenie kory
bylo rozlane i wykazywalo wyraznie widoczne cechy rozpadu tkanki w postaci
zatarcia rysunku, ziarnistej powierzchni przekroju i obnizenia spoistosci (ryc.
2). Istota biata potkul miata szarawe zabarwienie o niejednolitym, plamistym
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Ryc. 1. Przekrdj przez pétkule mozgu na poziomie biegunéw czotowych. Obustronnie zwezenie
i zatarcie rysunku kory oraz odcinkowe zatarcie granicy korowo-podkorowej, zwlaszcza w gornej
i dolnej czgsci bieguna czolowego lewego. Wielko$¢é naturalna
Fig. 1. Coronal section on the level of frontal poles. Bilateral thinning and obliteration of cortical
structure. Focal obliteration of cortico-subcortical border, especially in upper and lower parts of
the left frontal pole. Natural size

Ryc. 2. Przekroj przez potkule moézgu na poziomie biegunéw potylicznych. Obustronnie rozlane
uszkodzenie istoty bialej i kory z wyraznie widocznym rozpadem tkanki na calej niemal
powierzchni przekroju. Wielko$¢ naturalna

Fig. 2. Coronal section on the level of occipital poles. Diffuse white matter and cortical damage
with clearly visible tissue disintegration. Natural size
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wygladzie. Najwigksze nasilenie zmian w istocie bialej stwierdzono, podobnie
jak w obrebie kory, na poziomie styku ciemieniowo-potylicznego z obnizeniem
spoisto$ci tkanki, zwlaszcza w osi zawojow bocznej, gornej i dolnej czgsci
moézgu. W zwojach podstawy, we wzgorzu, pniu mézgu oraz mozdzku nie
stwierdzono zmian uchwytnych makroskopowo.

Do badania mikroskopowego pobrano wycinki z potkul moézgu na pozio-
mie rogéw przednich komér bocznych, wzgorza, styku ciemieniowo-potylicz-
nego oraz $rédmozgowia, mostu, opuszki i potkul moézdzku. Po odwodnieniu
i zatopieniu w parafinie preparaty barwiono hematoksyling i eozyna, fioletem
krezylu oraz wedtug metod Kliivera — Barrery, Heidenhaina, Kanzler — Arend-
ta, van Gieson i Bielschowskiego.

Wyniki badania mikroskopowego

W powigkszeniach lupowych preparatow, barwionych wedlug metody
Heidenhaina widoczne byto uszkodzenie mieliny w istocie bialej obu potkul
moézgu. Zmiany demielinizacyjne w okolicy czolowej, ciemieniowej i skronio-
wej obustronnie mialy posta¢ klinowatych, rozleglych ognisk, nieostro od-
graniczonych od otoczenia (ryc. 3). Na poziomie styku ciemieniowo-potylicz-
nego i w platach potylicznych uszkodzenie mieliny miato charakter rozlany
o plamistym wygladzie. Najwigcksze nasilenie demielinizacji bylo widoczne
w bocznej czgsci centrum semiovale 1 w osiach zawojow gorno-bocznej
i podstawnej czgsci potkul mozgowych (ryc. 4). Rozplem pilsni glejowej
w polach uszkodzenia mieliny byt stabo zaznaczony.

Mikroskopowo widoczne zmiany w mozgu mialy charakter uogolniony.
Najbardziej nasilone w korze i istocie bialej potkul moézgowych, wyraznie
tracily na intensywnosci w zwojach podstawy i we wzgoérzu i byly tylko
zaznaczone w obrebie pnia mozgu i w mézdzku. Na tle rozlanych, o nierow-
nomiernym nasileniu, zmian rozplemowo-przerostowych gleju komérkowego
w korze (ryc. 5), a zwlaszcza w istocie bialej potkul moézgu widoczne byly
“okolonaczyniowe nacieki zapalne (ryc. 6). Obfitos¢ naciekow byla zmienna, od
skapych jednorzgdowych do mufkowatych, utworzonych niemal wylacznie
z limfocytow (ryc. 7). Sklad wigkszosci naciekow byl mieszany, limfocytar-
no-plazmatocytarny. Widoczne byly rowniez nacieki, skladajace si¢ niemal
wylacznie z komoérek plazmatycznych (ryc. 8). Plazmatocyty wystgpowaly
czgsto $rodtkankowo, z dala od naczyn krwionosnych tak w korze, jak
i w istocie bialej mozgu.

Zmiany neuronalne w korze potkul mozgowych mialy charakter uogol-
niony. W obszarach kory, zlokalizowanych nad polami zdemielinizowanej
istoty bialej stwierdzono catkowity zanik neuronéw w odcinkach obejmuja-
cych czgsto wigcej niz jeden zawdj. W wigkszych powigkszeniach widoczne byly
w tych obszarach na calej szerokosci kory gesto rozsiane gemistocyty przemie-
szane z mniej lub bardziej licznymi paleczkami mikrogleju (ryc. 9 i 10).
Granica korowo-podkorowa byla niewidoczna. Wstazka kory od podkorowe;j
istoty bialej odrozniala si¢ bardziej intensywnym rézowym zabarwieniem
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Ryc. 3. Rozlegla ogniskowa demielinizacja w platach ciemieniowym i skroniowym, nieostro
odgraniczona od otoczenia. Uszkodzenie ostonek mielinowych obejmuje istote biala, warstwe
U-wilokien oraz kor¢. Heidenhain. Pow. lupowe
Fig. 3. Diffuse, unsharply delineated demyelination in parietal and temporal lobes occupying white
matter, subcortical U-fibers and cerebral cortex. Heindenhain. Magn. glass

Ryc. 4. Rozlana demielinizacja o nierbwnomiernym nasileniu obejmuje prawie cala powierzchnig¢
przekroju pogranicza ciemieniowo-potylicznego wraz z warstwa wiokien podkorowych i kory.
Heidenhain. Pow. lupowe
Fig. 4. Uneven diffuse demyelination of the white matter, subcortical region and cortical fibers in
the parieto-occipital region. Heidenhain. Magn. glass

.

w barwieniu hematoksyling i eozyna oraz nieco wigksza homogennoscia
podioza tkankowego, szczegéOlnie dobrze widoczna w mniejszych powigk-
szeniach mikroskopowych. Na pozostalym obszarze potkul moézgu ubytki
komorek nerwowych byly najczesciej rozsiane, czasem ogniskowe, obejmujace
kilka warstw kory, kiedy indziej odcinkowe, widoczne w jednej lub dwoch
warstwach (ryc. 11). Zmianom tym towarzyszyto mniej lub bardziej nasilone
zgabczenie. W tych obszarach kory odczyn gleju reprezentowany byl niemal
wylacznie przez rozproszone paleczki mikroglejowe (ryc. 12). Sporadycznie
tylko obserwowano grudki neuronofagiczne. W jadrach istoty szarej zlokali-
zowanych podkorowo rozplem gleju komorkowego miat raczej charakter
ogniskowy. Czasem wokot grudek glejowych widoczne bylo zageszczenie
komorek glejowych, zwlaszcza we wzgorzu (ryc. 13). Nacieki okolonaczyniowe
obserwowano sporadycznie. W pniu moézgu znajdowano pojedyncze grud-
kowate zageszczenia komorek glejowych. Wystepowaly one w jadrach wias-
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Ryc. 5. Kora plata ciemieniowego. Zatarcie budowy warstwowej oraz granicy korowo-pod-

korowej. W podkorowej istocie bialej widoczny skapy naciek okotonaczyniowy. H—E. Pow. 25 x

Fig. 5. Obliteration of cortical architecture and cortico-subcortical border in the parietal region.
Scanty perivascular infiltration in subcortical white matter. Parietal region. H—E. x25

Ryc. 6. Istota biala plata ciemieniowego. Rozlany rozplem gleju komérkowego z obecnoscia
licznych gemistocytow. Widoczne nacieki okotonaczyniowe rozpraszajace si¢ w otoczeniu. H—E.
Pow. 60 x
Fig. 6. Parietal white matter. Diffuse proliferation of glial cells with numerous gemistocytes and
perivascular infiltrations dispersing in the surrounding tissue. H—E. x 60
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Ryc. 7. Mufkowaty limfocytarny naciek okolonaczyniowy w istocie bialej z widocznym rozplemem
i przerostem gleju komorkowego. H—E. Pow. 200 x
Fig. 7. Lymphocytic perivascular cuff in the white matter. Hypertrophy and proliferation of glial
cells. H—E. x 200
Ryc. 8. Okolonaczyniowy naciek plazmatocytarny w istocie bialej. Komoérki plazmatyczne
widoczne rowniez srodtkankowo. H—E. Pow. 400 x
Fig. 8. Perivascular plasmocyte infiltration in the white matter. Plasmocytes in parenchyma are
visible also. H—E. x 400
Ryc. 9. Kora plata ciemieniowego. Calkowity brak neuronéw, gemistocyty przemieszane z palecz-
kami mikroglejowymi pokrywaja pole widzenia. H—E. Pow. 400 x
Fig. 9. Parietal cortex. Total neuronal loss, numerous gemistocytes intermixed with microglial rod
cells. H—E. x400

Ryc. 10. Kora plata ciemieniowego. Liczne komorki plazmatyczne widoczne $rodtkankowo.
H—E. Pow. 400 x
Fig. 10. Parietal cortex. Numerous plasﬁnﬁ:btﬁ /in nervous hyma. H—E. x 400
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Ryc. 11. Kora plata ciemieniowego z obszaru bez zmian widocznych makroskopowo w barwieniu
na ostonki mielinowe. Rozsiane ubytki neuronalne na calej szerokosci kory, zatarcie budowy
warstwowej, dyskretne nacieki okotonaczyniowe. H—E. Pow. 60 x
Fig. 11. Parietal cortex from the region without macroscopically visible tissue lesions. Neuronal
atrophy leading to obliteration of cortical structure, discreet lymphocytic infiltrations.
H—E. x 600

Ryc. 12. Ten sam obszar kory. Liczne paleczki mikroglejowe, ubytki neuronalne oraz zatarcie
budowy warstwowej. H—E. Pow. 200 x

Fig. 12. The same cortical region. Numerous microglial rod cells, neuronal loss and obliteration of

cortical structure. H—E. x 200
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Ryc. 13. Lawicowy rozplem gleju we wzgoérzu z grudka neuronofagiczna. Dyskretne ubytki
i uszkodzenia neuronalne. H—E. Pow. 200 x

Fig. 13. Thalamus. Proliferation of glial cells and “immature” neuronophagic nodule. Discreet
neuronal loss and degeneration. H—E. x 200
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nych mostu (ryc. 14) i w oliwkach dolnych. W mozdzku nie obserwowano
naciekow okotonaczyniowych ani odczynow glejowych. Widoczne bylo nato-
miast przerzedzenie i odcinkowe ubytki w warstwie komorek Purkinjego.
W oponach migkkich stwierdzono niewielkie, rozsiane nacieki limfocytarne,
zwlaszcza w glebi rowkow migdzyzawojowych. Wtrgtow $rodjadrowych
w przebadanym materiale nie znaleziono.

Ryc. 14. Grudka neuronofagiczna w jadrach wlasnych mostu. H—E. Pow. 100 x
Fig. 14. Neuronophagic nodule in pontine nuclei. H—E. x 100

OMOWIENIE

Rozpoznanie SSPE jako podstawowego procesu chorobowego w przed-
stawionym przypadku nie bylo klinicznie tatwym zadaniem. Przypomnijmy, ze
14-letnia dziewczynka zostala przyjeta do szpitala po urazie z powodu utraty
przytomnosci, ztaman koscca oraz ogélnego potluczenia. Rodzice dziecka,
nastawieni roszczeniowo, nie wiadomo S$wiadomie czy z braku rozeznania
utrzymywali, ze ich corka byla zdrowa do czasu wypadku. Wobec ci¢zkiego
zagrozenia zycia dziecka, przy ciaglym nacisku ze strony lekarzy z powodu
niemozno$ci wytlumaczenia pogorszenia w stanie zdrowia pacjentki bezpo-
$rednimi nastgpstwami urazu dopiero na krotko przed zgonem dziecka rodzice
ujawnili fakty, bardzo istotne dla dalszego postgpowania diagnostycznego.
Rostrzygajace znaczenie dla ostatecznego rozpoznania SSPE mialo stwier-

http://rcin.org.pl



570 D. Markiewicz i wsp.

dzenie wysokiego miana przeciwcial przeciwodrowych w surowicy krwi chorej.
Rozpoznanie kliniczne zostalo potwierdzone badaniem neuropatologicznym,
w ktorym stwierdzono obecno$¢ zmian uznanych za typowe dla SSPE (van
Bogaert 1957; Osetowska 1980). Jednakze w typowym dla SSPE obrazie
neuropatologicznym nie mieszcza si¢ stwierdzone w naszym przypadku wyraz-
nie zaznaczone cechy encefalopatii, a przede wszystkim rozlane uszkodzenie
kory mézgu z wyraznym rozpadem martwiczym. Obserwowany na duzych
obszarach kory catkowity zanik neuronéw z obfitym rozplemem gemis-
tocytow, jak rowniez obraz uszkodzenia mieliny i towarzyszacych demieliniza-
cji odczyndw przekraczaja zespot zmian tkankowych stanowiacych wyktadnik
pierwotnego procesu patologicznego. Widoczne w niektorych obszarach kory
potkul mozgowych przerzedzenia neuronalne ze zgabczeniem i obecnoscia
rozsianych paleczek mikrogleju moga ewentualnie odpowiada¢ uszkodzeniom
kory w przebiegu SSPE. Tego rodzaju zmiany traktowane s3 jako wtorne,
stanowigce nastgpstwo rozlanego uszkodzenia istoty bialej i stwierdzane sa
zwykle w przypadkach SSPE o przewleklym przebiegu (Osetowska 1961,
1980).

W przedstawionym przez nas przypadku przebieg kliniczny byl bardzo
dynamiczny dopiero w okresie powypadkowym, przy czym nie byl on rowniez
typowy dla SSPE, to jest z charakterystycznym tréjfazowym przebiegiem: od
fazy zaburzen psychointelektualnych, przez fazg objawow ogniskowego uszko-
dzenia mozgu i hiperkinez do fazy koncowej ze sztywnoscia odmozdzeniowa,
prezeniami oraz zaburzeniami krazenia i oddechu. W naszym przypadku, po
dhugotrwalym, skapoobjawowym okresie zaburzen psychointelektualnych, roz-
wingl si¢ gwaltownie zespol odmoézdzeniowy z pominigciem fazy nadmiaru
ruchow. Z klinicznego punktu widzenia mozna to przypisa¢ modyfikujacemu
przebieg schorzenia wplywowi urazu, znajdujacemu rowniez wykladnik w roz-
leglosci i nasileniu uszkodzen parenchymalnych w moézgu. Wydaje si¢ to
w pelni uzasadnione w s$wietle badan nad rozwojem uszkodzen moézgu
w encefalopatii pourazowej w materiale ludzkim (Feigin, Popoff 1963; Girard
i wsp. 1963, 1968; Osetowska 1964). Wprawdzie w badaniu neuropatologicz-
nym nie znaleziono w naszym przypadku ognisk stluczenia, ani $ladow
wynaczynien krwi w mozgu, na podkreslenie zastuguje duze uszkodzenie
okolicy czolowej, szczegélnie na podstawie polkul, rzadko obserwowane
w SSPE (Osetowska 1959; Schulze, David 1968), natomiast stanowigacej
typowa lokalizacje zmian pourazowych (Kaluza 1963). Za udzialem urazu
w ksztaltowaniu si¢ obrazu zmian morfologicznych w moézgu w przed-
stawionym przez nas przypadku przemawia rowniez obraz uszkodzenia
mieliny odpowiadajacy zespolowi okreslonemu przez Jacoba (1948) jako
martwica obrzgkowa, czgsto obserwowana w encefalopatiach pourazowych
z przedluzonym przezyciem po przebyciu urazu.

Reasumujac — w przedstawionym przypadku obraz morfologiczny uszko-
dzenia mo6zgu, oprocz zmian zapalnych, typowych dla SSPE wykazuje zmiany,
charakterystyczne dla encefalopatii pourazowe;.
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SUBACUTE SCLEROSING PANENCEPHALITIS WITH DIFFUSE
CORTICAL DAMAGE IN A CASE WITH THE HEAD INJURY

Summary

The authors present a case of 14-year-old girl with subacute sclerosing panencephalitis, who
3 month before death had been severely injured in a traffic accident. Diffuse cortical damages in
SSPE are rather uncommon neuropathological findings and their pathogenetic background is not
fully elucidated. In the presented case the influence of head injury on the clinical course of SSPE
and neuropathological brain changes is discussed.

MOAOCTPBIA CKJIEPO3UPYIOUWMWI MAHSHLUE®AJIUT (MICM3) C AUGDY3IHBIM
TOBPEX/IEHUEM KOPBI B CJIVUAE IMTEPEHECEHHOW YEPEITHO-MO3I'OBOV TPABMBI

Pesome

IMpeacrasnen cuysai [ICIID ¢ qudpdy3HBIM NOBPEXACHHEM KOPBI MO3ra y AeBOYKH 14 Jer,
KOTOpas 3a 3 Mecslla O CMEPTH TNEpeHecNa TMKETYI0 4epelHO-MO3rOBYIO TPaBMY.

JOuddysubie n3menenuss B kope mosra npu [ICIID Habmoparorcs peaxo. B nureparype
NOIYEPKHUBAIOTCA TAKXKE TPYAHOCTH B BBISCHEHHH MEXaHH3Ma HX TNOSBIICHHS.

O6cyxnaeTcs BIMSHHE NIEPEHECEHHOH TPaBMbI HA KJIHHUYECKOE TeYeHHE H MOP(OIIOrHYECKyIO
KapTHHY OOHapyXeHHBIX W3MEHEHMH Mo3ra.
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APOPTOSIS AND DARK NEURONS

Laboratory of Developmental Neuropathology, Medical Research Centre, Polish Academy of
Sciences, Warsaw

The Greek word “apoptosis’” means dropping, for example it is used in the
context of shedding leaves from trees. Kerr (1972) was the first, who used this
definition in morphology for controlled cell death. Such a cell becomes
shrunken (Fig. 1), the connections with neighbouring cells are lost and finally
it falls out of the epithelium cell row. Its nuclear chromatin undergoes an
unusual condensation, but the nucleolus remains preserved. Such apoptotic
cells undergo fragmentation; the separated cell parts called apoptotic bodies,
consist of compact organelles. Apoptotic bodies ‘can be fagocytosed by
macrophages or internalized by neighbouring cells. Groniowski (1987) com-
pares them to shrinking baloon, from wich the whole balast, even that
necessary for navigation is thrown out for continuation of the flight. Similarly .
the apoptotic cell disposes of its organelles to continue vegetation. The above
mentioned observations suggest that apoptosis should be treated as a form of
tissue growth regulation dependent on a local factor, antagonistic to mitosis.
The mechanism of apoptosis is quite different from that of cell necrosis.

The phenomenon of apoptosis was observed in some glands with cyclic
changes of activity and provoked experimentally in tissue culture treated with
various drugs, toxins, hormones, irradiation or chronic gradual hypoxia. The
chemical mechanism of chromatin changes in apoptosis consist in breaking of
most of the nuclear DNA to short but well organized chains of nucleosomes by
an endogenous non-lysosomal nuclease (Wyllie et al. 1981). Mares et al. (1986)
observed changes identical with apoptosis in nervous tissue from immature rat
cerebellum, in the germinal external layer and called it “‘shrinkage necrosis”.

About 30 year ago Cammermeyer (1961) took note of what is called dark
neurons. According to him, in light microscopy the dark cell is characterized
by its shrunken cytoplasm containing compacted basophil material giving
a dark hue and by its separation from the surrounding tissue by a space of
varying length and width. The shrunken nucleus usually blends with the dark
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1

Fig. 1. Diagram ilustrating the morphological features of apoptosis (after Groniowski 1987)
Ryc. 1. Schemat zmian apoptozyjnych (wg Groniowskiego 1987)

cytoplasm but sometimes it is surrounded by a rim of clear cytoplasm (Fig. 2).
The nucleolus is noted for its relatively large size, in fact it remains unaltered,
when the whole cell body undergoes shrinkage. The processes of cell shrinkage
assume an irregular corkscrew-like shape (Fig. 3). In electron microscopy dark
neurons are characterized by a shrunken cytoplasm filled with condensed
microorganelles, mainly mitochondria and free rybosomes (Johnson 1975).
This gives a dense appearance and contributes to an increased electron density.
The nucleus is also condensed. There are no remarks about the nucleolus. The
surface of dark neurons is irregular. The descriptions of the electron
microscope pictures of dark neurons by different authors are similar despite
the different etiology. There exists an abundant literature concerning the
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Fig. 2. A. Dark (d) and clear neuron with a distinct peripheral zone (arrows). B. Cells resembling
water change with separation of perinuclear cytoplasm (c) from cellular membrane (arrows). C.
Cortical dark neurons (d) of varying shape, normal clear neuron (n), acute swelling of
oligodendrocyte (o) and perivascular space (v). All artifacts due to immersion fixation (after
Cammermeyer 1961)
Ryc. 2. A. Neuron ciemny (d) i jasny (n) z wyrazna przestrzenia miedzy komorka a otaczajacym
neuropilem (strzatki). B. Komorki przypominajace ,,zmiany wodne” z wyraznym oddzieleniem
okolojadrowej cytoplazmy (c) od blony komoérkowej (strzatki). C. Roznego ksztattu neurony
ciemne (d) w korze moézgu, prawidtowy jasny neuron (n), oligodendrocyt w stanie ostrego obrzeku
(0), poszerzona przestrzen okotonaczyniowa (v). Wszystkie zmiany sa artefaktem, spowodowanym
utrwalaniem przez imersj¢ (wg Cammermeyera 1961)

etiology of dark neurons: post mortem available artifacts (Cammermeyer
1961), artifacts dependent on the state of maturation (Ebels 1975), resulting
from intravital operations (Johnson 1975) or mechanical lesions (Quiros, Faria
1975), effect of increased pressure in tissue due to swelling of neuronal
processes (Love 1978) or of a subpopulation of cells in some regions of the
central nervous system (Lawson 1979). Some authors treat the definition “dark
cell” and ““apoptotic cell”” as synonymous (Parson et al. 1983), because in the
light microscope they are similar. To consider this problem not only seman-
tically we decided to check retrospectively our own material, both by light and
by electron microscopy.

Our material had been collected for years both from control and ex-
perimental animals, newborn and mature or senile. All animals were killed by
perfusion, prepared for electron microscopy according to routine procedure
and embedded in Epon 812. In light microscope examination, dark cells,
mainly of mesodermal origin, appeared in normal control (Fig. 4) and senile
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Fig. 3. A. Cortical dark neurons. B. Normal cortical neurons. C. Dark cortical neurons. All
artifacts due to mechanical lesion (after Cammermeyer 1961)
Ryc. 3. A. Ciemne neurony w korze moézgu. B. Normalne neurony kory. C. Ciemne neurony kory.
Wszystkie artefakty spowodowane uszkodzeniem mechanicznym (wg Cammermeyera 1961)

v Y /
Aﬁ;l& NI ® il

Fig. 4. Dark cell of choroid plexus. Rabbit 20-day-old. x 10000
Ryc. 4. Ciemna komorka splotu naczyniowkowego u 20-dniowego normalnego krolika. Pow.
10000 x
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Fig. 5. Dark neurons in spinal cord. 20-day-old rabbit treated with antimitotic drug. Semithin
section. x 600
Ryc. 5. Ciemne neurony w rdzeniu kregowym krolika 12-dniowego, traktowanego lekiem
przeciwmitotycznym. Skrawek polcienki. Pow. 600 x

ik

Fig. 6. Dark neuron with shrunken cytoplasm filled with compact organelles. 12-day-old rabbit as
above. x 6 000
Ryc. 6. Ciemny neuron z obkurczona cytoplazma wypelniona zbitymi organellami. Krélik
12-dniowy — jak wyzej. Pow. 6000 x
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animals. They were also seen in a group of 12-day-old rabbits treated with an
antimitotic drug 7 days before death. Dark neurons were observed in
a specimen taken from the spinal cord on semithin sections (Fig. 5). In the light
microscope the similarity to the dark cells of Cammermeyer (1961) consisted in
shrinkage and a dark hue, but their separation from the surroundings by
a space was not observed, and the dense compact nuclear chromatin
contrasted well with the cytoplasm rich in vacuoles. In the electron microscope
shrunken cytoplasm was filled with compact organelles mostly mitochondria
(Fig. 6). In the shrunken cytoplasm numerous autophagic vacuoles were noted
(Fig. 7). The changes observed in the light microscope were controversial for
diagnosing dark neurons or apoptosis. By electron microscopy the fragmen-
tation of cells to apoptotic bodies, which should be the deciding feature for
apoptosis, were not found. Therefore, the changes in our material were
considered as dark neurons. It seems that dark neurons may be the early stage
of apoptosis. Probably some dark neurons may return to a normal state, some
may undergo necrosis and some apoptosis.

Acknowledgements: The autor is grateful to dr Jan Cammermeyer for his kind allowance to
make use Figures 2 and 3 taken from this paper and to prof. Janusz Groniowski to make use his
diagram (Fig. 1).

Fig. 7. Dark neuron with numerous autophagic vacuoles in shrunken cytoplasm. 12-day-old rabbit
as above. x 6 000
Ryc. 7. Ciemny neuron. W obkurczonej cytoplazmie liczne wodniczki autofagiczne. Krolik
12-dniowy — jak wyzej. Pow. 6000 x
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CIEMNE NEURONY I APOPTOZA
Streszczenie

Ciemne neurony, ktore do niedawna traktowano jako posmiertne zmiany artefaktyczne
powstale przy utrwalaniu tkanki, obecnie zostaly uznane rowniez jako stany przyzyciowe,
powstale wskutek dzialania roznych czynnikow. Apoptoza — kontrolowane obumieranie komo-
rek — gléwnie nablonka przy jego odnowie, wystepuje rowniez w osrodkowym ukladzie
nerwowym. Morfologiczne podobiefistwo obu zmian i przypuszczalne mechanizmy ich po-
wstawania sa dyskutowane w $wietle obserwacji wlasnych i biezacego piSmiennictwa.

TEMHBIE HEVIPOHBI U ATIONTO3UC

Pe3rome

TeMHble HEHPOHBI, KOTOpPbIE JO HEJAABHHX TNOP pPacCMaTPHBAJIMCh Kak TNOCMEPTHBIE
apTedakTHbIE U3MEHEHHUS, BO3HHUKAIOLINE BCIEICTBHE (HKCALMH TKaHH, TENEPh PaCCMaTPHBAIOTCS
TaKXe KaK MPHXH3HEHHOE COCTOSIHUE, CBA3AHHOE C ICHCTBUEM Pa3INYHBIX (HaKTOPOB. ANONTO3HC
— KOHTPOJIAPYEMOE OMEpTBEHHE KJIETOK, IJIaBHBIM 00Opa3oM SMHTEHs, IMPOHCXOSIIEE B MPO-
1iecce ero pereHepanuy — o6GHapyXKHBaeTCs TAKXKe ¥ B ICHTPAJIbHOK HepBHOM cucteme. Ha ocHoBe
COOCTBEHHBIX HaOJIIONEHHH W JAHHBIX COBPEMEHHOW JIMTEpaTyphl OOCYyXJaeTcs CXOACTBO
M pa3jIMyMe 3THX JABYX THIOB M3MEHEHHH M NpEANoJaraeéMble MEXaHHW3MbI HX TNOSBJICHHS.
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ATYPICAL MORPHOLOGICAL COMPONENTS IN A TUMOR
OF THE CEREBELLO-PONTINE ANGLE

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

Routine differential diagnose in the case of even most frequent types of
cerebello-pontine tumors often fails to give a complete account of their
intrinsic histological variety. The purpose of this paper is to illustrate the
pathogenetic and diagnostic difficulties in a tumor which at first seemed to
represent a rather popular kind of neoplasm in neuropathological practice.

CASE REPORT

The 62-year-old woman was admitted to the Neurosurgical Department
with complaints of dizziness, nausea and vomiting worsening during the last
two months. The patient suffered for a few years from some deafness in her left
ear. Upon admission there was impairment of the left corneal and conjunctiva
reflexes, left facial hemiparesis and left side hearing failure. The Romberg
syndrome was positive to left side and back. There was no papilledema.
Cranial X-ray revealed enlargement of the left internal auditory meatus. EEG:
normal, except for some theta waves. CT scan disclosed a tumor about 4 cm in
diameter located in the left cerebello-pontine angle, surrounded by a narrow
zone of edema and distention of ventricular system. Cerebrospinal fluid
examination: cytosis 3, protein content 66 mg%. At craniotomy after partial
resection of the left cerebellar hemisphere a large mass of white-grey, firm
tumor was removed from the capsule and taken for biopsy. The patient died
5 days later owing to severe vascular disorders.

Autopsy of the visceral organs revealed purulent tracheobronchitis, disper-
sed purulent pneumonia and pulmonary edema. There was a congestion of
visceral organs, hepatic steatosis and myocardial micronecrotic foci.

Biopsy examination of brain tumor showed tissue built of bundles and
whorls of cells with elongated rod-shaped nuclei containing a marked amount
of fine granular chromatin (Fig. 1). The tumor cellularity differed markedly.
There were rather compact areas with typical palisading, whereas the other
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fields were of loose reticular texture. Some areas showed much bigger cells with
irregular nuclei and some giant cells. Mitotic divisions were scarce. The stroma
exhibited a strongly argyrophilic, rich network of thin fibers around the
neoplastic cells. The tissue was poorly vascularized. The tumor was diagnosed
as neurinoma, type Antony A.

Neuropathologic findings

Weight of brain 1038 g. Right-sided tonsillar herniation. Asymmetry of
brain stem and cerebellum caused by whitish-grey large, encapsulated tumor in
left cerebello-pontine angle. Lateral surface of tumor rough, devoid of capsule.
Frontally cut brain hemisheres showed symmetric dilatation of ventricular
system. Cuts through the brain stem and cerebellum demonstrated a tumor of
dimensions 4 x 4 cm, firm, elastic with a mottled pattern forming a deep cleft in
the left half of the brain stem (Fig. 2). Border between the tumor tissue and the

Fig. 1. Biopsy specimen. Spindle-shaped cells, dense cellularity. H—E. x 200
Ryc. 1. Material biopsyjny. Bogatokomoérkowe utkanie ztozone z wydtuzonych, wrzecionowatych
komorek. H—E. Pow. 200 x

Fig. 2. Coronal section of the cerebellum and brain stem. Large extracerebral tumor pressing the
brain stem. Van Gieson

Ryc. 2. Przekroj czotowy przez moézdzek i pien mozgu. Duzy guz zewnatrzmdzgowy uciskajacy
pien moézgu. Van Gieson

brain stem blurred. IVth ventricle constricted, vermis displaced to the right.

The tumor fragment, attached to the brain stem and cerebellum, was
embedded 1n paratnin. lhe secuons were stained with hematoxylin-eosin,
cresylviolet and after van Gieson, Kliiver-Barrera, Gridley, Heidenhain and
Bielschowsky. Other frozen fragments were stained with Oil red O and Mayer’s
carmine. Cajal impregnation and immunohistochemical staining for glial
fibrillary acidic protein (GFAP) by modification of immunoperoxidase met-
hod with avidine-biotine complex (Vectastain Lab. USA) were also performed.
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Microscopic evaluation

The neoplastic tissue was well demarcated from the cerebellar and pontine
structures, except for some infiltration of the basal pons along the nervous
fibers. Other pontine changes were: loosened bundles of nerve fibers, moderate
perivascular edema and ischemic alterations of neurons. Cerebellum showed
conspicuous rarefaction of granular layer, moderate loss of Purkinje cells and
some proliferation of Bergmann astroglia.

An outstanding feature of the neoplastic tissue was its varying pattern.
Most numerous were fields of bipolar spindle cells arranged in intermingled
bundles and whorls (Fig. 3). Typical palisading was rare. The cell nuclei were
usually elongated, chromatin-rich, less often oval or round with fine granular
chromatin. Besides the area of monotypic cells, there were others with more or
less marked polymorphic features. These cells were characterized by irregular,
hyperchromatic nuclei and rather abundant acidophilic cytoplasm. Among
them spread some multinucleated giant cells. In the fields of poorer cellularity
the stroma was loose, reticular, whereas the cells were stellate with long,
irregular processes. There were also foci of microcystic degeneration (Fig. 4).

Fig. 3. Necropsy specimen. Intermingled bands of spindle cells. H—E. x 200
Ryc. 3. Material autopsyjny. Przeplatajace si¢ pasma wydluzonych komorek. H—E. Pow. 200 x
Fig. 4. Area of rarefied, degenerated tissue. H—E. x 100
Ryc. 4. Tkanka o rozrzedzonym utkaniu z cechami drobnotorbielkowatego zwyrodnienia. H—E.
Pow. 100 x

A fair amount of lipid was visualized in lose neoplastic areas but no mucoid
substance. Mitotic divisions, were absent, though the content of nuclear
chromatin differed markedly in several fields. A profuse network of collagen
fibers was best visible in the fields of high cellular density, but poor or absent
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in loose structures. Silver impregnation demonstrated a thick network of
argyrophilic fibers: the thick one arranged at random, the thin ones twined
around individual neoplastic cells (Fig. 5).

Striking elements were numerous, large, degenerated cells with abundant,
slightly eosinophilic cytoplasm and irregular, blurred nucleus (Fig. 6). Ad-
ditional serial sections taken for elucidating the character of these cells showed

i ife . ‘_ i 4. T %
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Fig. 5. Thin and thick argyrophilic fibers. Gridley. x 100

Ryc. 5. Cienkie i grube wlokna srebrochlonne. Gridley. Pow. 100 x

Fig. 6. Field of large, irregular, polynuclear cells. H—E. x 200
Ryc. 6. Pole zawierajace duze, réznoksztaltne, wielojadrzaste komorki. H—E. Pow. 200 x

large, oval or round ganglion cells with a huge vesicular nucleus with clearcut
nucleolus and abundant eosinophilic cytoplasm (Fig. 7a). Cresyl violet staining
presented thick tigroid granules (Fig. 7b). Some ganglion cells were surroun-
ded by small dark satellite cells. Ganglion cells were never spotted in foci, but
dispersed in the tissue, though in places they accumulated at short distance
from each other (Fig. 7c). The widest spread of ganglion cells was near to the
basal surface of the tumor. ‘

Gold chloride impregnation demonstrated small fields of cells with thin,
irregular, rather radial processes some of which seemed to be attached to the
vascular walls but they did not stain for glial fibrillary acidic protein.

Few nervous fibers run through the compact neoplastic tissue in the tumor
periphery, not far from the capsule but near to the numerous ganglion cells
(Fig. 8). Some of the nervous fibers were segmented and showed myelin sheath
damage.
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Fig. 7a. Typical, oval ganglion cell embedded in neoplastic tissue. H—E. x 400
Ryc. 7a. Typowa, owalna komorka zwojowa w obrebie tkanki nowotworowej. H—E. Pow. 400 x
Fig. 7b. Ganglion cell presenting well-preserved organelles, especially plenty of tigroid. Cresyl
violet. x 1200
Ryc. 7b. Komoérka zwojowa odznaczajaca si¢ obecnoscia dobrze zachowanych organelli komor-
kowych zwlaszcza duzej ilosci tigroidu. Fiolet krezylu. Pow. 1200 x
Fig. 7c. Group of degenerated ganglion cells partly devoid of tigroid. H—E. x 100
Ryc. 7c. Grupa zwyrodniatych, czgsciowo pozbawionych tigroidu komérek zwojowych. H—E.
Pow. 100 x
Fig. 8. Thin nerve fibers among ganglion cells. Bielschowsky, x 200
Ryc. 8. Cienkie wiokna nerwowe pomigdzy komorkami zwojowymi. Bielschowski. Pow. 200 x
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DISCUSSION

The clinical course of the disease pointed to an unilateral cerebello-pontine
tumor of the acoustic nerve. There was a lack of any clinical or post mortem
evidence of Recklinghausen disease. The biopsy specimen was also that of
neurinoma, Antony type A. Routine staining of necropsy material presented
some diagnostic difficulties, which increased after obtaining serial sections
confirming the presence of uncommon elements in the neoplastic neurinoma
tissue, i.e. ganglion cells and collagen fibers.

Histological features such as type of the cells, tissue structure, peripheral
nerve fibers and argyrophilic fibers commend for diagnosis of neurinoma.
Against it are the abundant collagen fibers which since Penfield’s time
(Penfield 1932) are considered as the diagnostic sign of neurofibroma. In
Ziilch’s and Christensen (1956) opinion the collagen fibers can proliferate from
vascular walls and tumoral capsule into the stroma of the neurinoma. Another
point of view concerns the staining ability of argyrophilic fibers as collagen
fibers. According to Rubinstein (1972) the argyrophilic fibers of neurinoma
possess sometimes this double staining property. In our understanding such
a staining indicating collagen fibers greatly limits its value for diagnostic
purpose.

The second unexpected component are numerous ganglion cells. Nerve
cells in cerebello-pontine tumors are extremely rare and, to our knowledge,
only a few such findings have been published. Gagel (1935) observed them in
two cases of acoustic neurinoma, emphasizing the lack of immature and
polynuclear neurons. Besides endorsing this observation, we have to stress the
coexistence of degenerated and perfectly preserved ganglion cells. The normal
healthy appearance of ganglion cells in the compact mass of extracerebral
tumor is difficult to explain, but this feature is confirmed often in experimental
anaplastic neurinomas of cranial nerves in rats (Mennel, Ivankovic 1975; Kroh
1985). The origin of ganglion cells in acoustic neurinomas is unknown. The
lack of immature or binucleated neurons in our case and in Gagel’s (1935)
material indicates rather preexistent than active cells in neoplastic process.
Gagel considered such neurons as split of cells in the acoustic nerve, though
some of them were devoid of Nissl granules typical for the acoustic nucleus.
The relation between the sympathetic nerve and the nerve cells along its trunk
has been proved. The study on the development of the esophageal plexuses
during foetal life in humans showed the migration of neuroblasts along the
branches of the vagus nerve during embryonal and early foetal life (Wozniak et
al. 1973). One can expect that a similar process of migration takes place along
other cranial nerves and that the ganglion cells in cerebello-pontine tumors are
remnants of these attached to the acoustic nerve. Tarlov 1937 observed ectopic
ganglion cells in the central part of the trigeminal nerve in humans. In our case
the distinct accumulation of ganglion cells at the periphery of the tumor near
the nerve fibers can testify to this concept whereas the case of Ziilch and
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Christensen (1956) of the neurinoma of cauda equina containing an ac-
cumulation of “ganglioid” cells might be the effect of an ganglion engulfed by
the tumor mass.

The concept that only the nerve fibers entrapped into the capsule are of
diagnostic value of neurinoma has lately less and less supporters. The
statement of Russel and Rubinstein (1977) represents a view that dispersed
neurites in schwannoma are either regenerating or parent nerve fibers. Both in
uni-and bilateral schwannomas neurites were found in the majority of cases in
various relationship to the periphery of the tumor (Reid 1983). In a study of an
block removed schwannomas on serial sections aggregates of nerve fibers
dispersed from the capsule into the tumor substance were also found (Neely
1981). In our material nerve fibers were seen in the neoplastic mass at the
periphery of the tumor. Segmented fibers in areas still containing variously

preserved ganglion cells might represent in our opinion fibers of the parent
nerve.

The authors are greatly indebt to Dr. 1. Janota, Department of Neuropathology, Institute of
Psychiatry, De Crespigny Park, Denmark Hill, London, for valuable discussion.

NIETYPOWE ELEMENTY MORFOLOGICZNE
W UTKANIU GUZA KATA MOSTOWO-MOZDZKOWEGO

Streszczenie

Przedstawiono przypadek guza kata mostowo-mozdzkowego, ktory na podstawie przebiegu
klinicznego oraz badania biopsyjnego rozpoznano jako nerwiak nerwu stuchowego typu Antony
A. Badanie neuropatologiczne materialu autopsyjnego guza wykazalo obecno$¢ nietypowych
elementéow morfologicznych, takich jak komorki zwojowe oraz wiokna kolagenowe. Przedys-
kutowano pochodzenie dodatkowych elementéw tkankowych w utkaniu nerwiaka.

ATUMUYHBIE MOP®OJIOT'MYECKHUE BJIEMEHTBI CTPOEHUS OITYXOJIN
MOCTO-MO3XXEUYKOBOI'O VYI'JIA

Pesome

IMpencraBien ciay4ail ONyXOJH MOCTO-MO3XEYKOBOrO yrja, KOTOpasi, HAa OCHOBAaHWH
KJIMHHYECKOTO TEYEHHS M HKCCle]oBaHusi Ouoncuu Oblla QMATHOCTHPOBAHA KaK HEBPOMHMA
ciyxoBoro Hepsa THna AHTOHBI A. Ilatomopdosiornyeckoe HCCIOBAHHE CEKIMOHHOTO
MaTepuaja OmyxoJii OOHApYXHJIO HETHINHYHbIE MOP(OSOrHYecKHEe JJIEMEHThI B  BHJE
MHOTOYHCJIEHHbIX TAHIJIMO3HBIX KJIETOK M KOJUIATEHOBBIX BOJIOKOH.

O6cyxaaeTcsi MPOMCXOXKAEHHE ITHX J0OABOYHBIX IJIEMEHTOB B HEBPHHOME.
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DZIAL KRONIKI I INFORMACIJI

5 pazdziernika 1988 r. Rada Panstwa nadala tytul naukowy profesora zwyczajnego prof.
Jerzemu Wistawskiemu z Kliniki Neurochirurgii AM w Warszawie.

Dr nauk biolog. Andrzej Loesch z I-CMDiK PAN w Warszawie, uzyskal stopien naukowy
doktora habilitowanego na podstawie pracy pt. Zmiany ultrastrukturalne i immunocytochemiczne
neurosekrecyjnego uktadu podwzgorzowo-przysadkowego oraz splotu Auerbacha jelita kretego
szczura w doswiadczalnej cukrzycy insulinozalezne;j.

Kolokwium habilitacyjne odbylo si¢ 19 stycznia 1988 r., przed Rada Wydziatu Biologii
i Nauk o Ziemi Uniwersytetu Jagiellonskiego.

Dr med. Maria Niewiadomska z Instytutu Psychiatrii i Neurologii w Warszawie, uzyskata
stopien naukowy doktora habilitowanego na podstawie pracy pt. Ocena stanu neuronu obwodo-
wego u 0sOb z zespolem uzaleznienia od alkoholu — studium elektrofizjologiczne.

Kolokwium habilitacyjne odbyto si¢ 10 pazdziernika 1988 r., przed Rada Naukowa Instytutu
Psychiatrii i Neurologii w Warszawie.

Lek. Maria Binkiewicz z Zakladu Neuroradiologii Instytutu Psychiatrii i Neurologii w War-
szawie, uzyskala stopieri naukowy doktora nauk medycznych na podstawie rozprawy pt. Badania
radiologiczne w niewydolnosci krazenia mozgowego, angiografia i tomografia komputerowa.

Promotorem byla doc. dr hab. med. Teresa Kryst. Obrona pracy odbyla si¢ w Instytucie
Psychiatrii i Neurologii w Warszawie 17 pazdziernika 1988 r.

Lek. Wojciech Maksymowicz Kliniki Neurochirurgii AM w Warszawie, uzyskal stopien
naukowy doktora nauk medycznych na podstawie rozprawy pt. Leczenie nerwobolu nerwu
trojdzielnego podaniem glicerydu do zbiornika trojdzielnego.

Promotorem byl prof. dr hab. med. Jerzy Bidzinski. Obrona odbyla si¢ przed Rada
I Wydzialu Lekarskiego AM w Warszawie 7 grudnia 1988 r.

Jerzy Dymecki
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