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MARIA DAMBSKA

PERINATAL DAMAGE OF BRAIN STEM DEPENDING
ON THE MATURITY OF ITS STRUCTURES

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

The aim of this study was to discuss the interaction between the maturation of the
brain stem and its susceptibility to perinatal lesion. Many observations indicate that
the last months of pregnancy and the perinatal period are the time of intensive
maturation of these structures. Lesions of the brain stem were many times found
after acute anoxia as well as after chronic asphyxia during this period. This indicates
the importance of prevention of the pathology of pregnancy. Occurring in the last
trimester of gestation it can induce damage of brain stem centers important for the
fetus to survive the stress of birth and adaptation for individual life.

Key words: brain stem, perinatal pathology.

The interdependence between the stage of the central nervous system (CNS)
development and the character of structural abnormalities appearing during
the first trimester of intrauterine life is well known. The prolonged morpho-
and histogenesis of the CNS depending upon the phylogenethical age of their
structures results in protraction of the teratogenic period until the second half
of pregnancy. This period overlaps the next stage of development characterized
by intensive maturation of nerve tissue with its increased metabolism and
energetic requirements. This makes several brain structures particularly suscep-
tible to damaging factors inducing severe lesions.

Such susceptibility of the brain stem in the pre- and postnatal period,
higher than when its maturation became accomplished, was observed in some
neuropathological examinations (Norman 1972; Griffits, Laurence 1974).
Nevertheless correlations between the maturation process and changes found
in the examined cases are difficult to analyse, because of the complexity of the
brain stem organization.

Only summarizing the results of investigations concerning particular
structures can we follow the course of brain stem maturation. This exhibits
a high intensity during the second half of pregnancy and in the perinatal
period. At that time oxygen consumption increases markedly testifying to the
activity of metabolism. The maturation processes follow basic morphogenesis
which takes place in the brain stem during the first three months of intrauterine
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92 M. Dambska

life. The cranial nerve nuclei are well discernible as early as the end of the
second month, but their neurons are still very immature. In the course of the
consecutive process — the large neurons develop faster than the small ones.
Their axons arise and grow, the amount of cytoplasm increases in comparison
with the volume of the nucleus, the organelles and the dendritic tree develop as
visible even in routine examination (Figs la, b).

ANt B e

-

Fig. 1. Neurons of facial nerve: a) 26™ week of gestation, b) 38" week of gestation. Cresyl-violet.
x 400

More detailed analysis of the maturation process was performed in some
structures. Inagaki et al. (1987) used the histo-morphometric method of nerve
cells examination and found intensive maturation of the acoustic nucleus
during 28 —32 weeks of gestation. Examination of synaptic development,
according to morphometric estimation of the number of dendritic spines
visualized by Golgi impregnation, revealed the development of neurons in the
hypoglossal nucleus between 20 —40 weeks of gestation (Takashima, Becker
1986). The same authors also found a rapid increase of the number of dendritic
spines in bulbar ‘respiratory centres’ during a similar period, a decrease and
then stabilization after birth. In the magnocellular nucleus of the reticular
formation a higher number of spines was found during 34—36 weeks of
gestation, in both nuclei of the vagal nerve (motor and of solitary tract) this
peak was observed between the 36'™ and 40" week of intrauterine life (Fig. 2).

The myelination process examined by Yakovlev and Lecours (1967), Rorke
and Riggs (1969), Larroche (1977), Gilles et al. (1983) seemed to be parallel with
nerve cells maturation. The review of brain stem pathways myelination
presented in Table 1 indicates that it starts at the 24"™ week of gestation. Being
differentiated in various tracts this process barely begins in some of them before
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Fig. 2. Developmental changes in dendritic spine density in “respiratory centers”. According to
Takshina and Becker (1986)

3

Fig. 3. Medulla oblongata of mature newborn. Kliiver-Barrera. x3

birth, in others it is protracted for a long time after birth. In the newborn this
uneven myelination of the brain stem pathways is well visible (Fig. 3).
The observations concerning brain stem lesions during maturation are
parallel to the results of detailed investigations of its development. Gilles (1969)
found that “hypotensive brain stem necrosis” defined by Janzer and Friede
(1980) as “cardiac arrest encephalopathy” occurs much more frequently
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94 M. Dambska

Table 1. Myelination of the brain stem structures

Structure Week of gestation

Long. med. fasciculi 24-26
Medial lemniscus 26—-30
Lateral lemniscus 26—30
Radicles of cranial nerves

VIII audit. 2426

III, V, VI, VII, VIII vest. 26—28

Iv, IX, X, XII 28

XI 30
Cerebellar peduncles

inferior (int. and ext. parts) 26—36

superior 32-34 -

medial 40 —
Pyramid 38—40 —
Reticular formation 40 -

in the CNS of the newborn and very young infants than in mature brains.

The damage of brain stem structures was seen also after prolonged
asphyxia. The first casuistic observations appeared about 20 years ago (Brand,
Bignami 1969; Norman 1974). Then, investigations concerning the threat
caused by the pathology of pregnancy for the CNS of the fetus furnished
similar observations. Laure-Kamionowska (1980) examined the noxious in-
fluence of gestosis on the fetal brain. She found that, if long-lasting and leading
to subacute asphyxia, gestosis results in damage of the brain stem. A similar
type of lesions was observed after other types of pathology in the third
trimester of pregnancy, particularly after repeated bleedings (Kamionowska,
Dambska 1979). The results cited above inclined the authors to examine the
brains of newborn infants born from pregnancies complicated by placental
pathology leading to prolonged fetal asphyxia. In premature newborns the
brain stem lesions were generalized, including neurons of cranial nerve nuclei
(Fig. 4). After 34 weeks of gestation and in infants at term the most pronounced
lesions were seen in the reticular formation (Dambska et al. 1987). A case with
similar type of changes was observed earlier by Norman (1972). The time of
damage coinciding with intensive formation of synapses and myelination of
pathways of the reticular formation seems to be critical for its lesion.

Quattrochi et al. (1985) analysed the CNS changes in 61 infants which died
with diagnosis of sudden infant death syndrome (SIDS). They found a higher
than in control brains number of dendritic spines (impregnated by Golgi
method) in the respiratory centers of the brain stem and admitted that this was
the syndrome of brain stem immaturity of unknown origin.

Finally we examined the brains of newborns and small infants which died
because of respiratory defficiency, including the clasical respiratory distress
syndrome (RDS). Lesions of the brain stem, particularly within the reticular
formation were found in the examined cases (Fig. 5). In one half of them the
neuropathological picture allowed to consider the changes as prior to the
appearance of respiratory deficiency. In other cases the lesions increased
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Fig. 5. Reticular formation. Loss and lesions of neurons. Cresyl violet. x 200
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probably by the mechanism of vicious circle. RDS with fatal course occurred
in a part of cases in preterm newborns with immaturity of surfactant
production in lungs. In our material respiratory deficiency was observed also in
newborns near term. We can admit that damage of the respiratory centers
contributed to a lack of efficacy of appropriate, clasical treatment of respiratory
insufficiency.

The review of accidental and systematic observations presented above
allows stress that the general opinion of the resistance of the brain stem to
prolonged asphyxia is not true in respect to the maturing brain. At the time
when the CNS has survived the stress of birth, a good efficacy of the brain stem
with its respiratory and circulatory centers is of great importance. We would
like to underline how important is the prevention of the pathology of the last
trimester of pregnancy, which could induce lesions of brain stem centers
responsible for good adaptation of the newborn to the events of birth and
individual life.

STAN DOJRZALOSCI PNIA MOZGU JAKO PODLOZE USZKODZEN JEGO
STRUKTUR W OKRESIE OKOLOPORODOWYM

Streszczenie

Praca poswigcona jest omowieniu zaleznosci migdzy stanem dojrzatosci struktur pnia moézgu
a ich podatnoscia na uszkodzenia okoloporodowe. Przeglad wynikow badan nad rozwojem pnia
wskazuje, ze ostatnie miesiace zycia ptodowego i1 okres okotoporodowy charakteryzuje intensywne
dojrzewanie jego struktur. W tym okresie stwierdzono wielokrotnie uszkodzenie osrodkow
pniowych w nastgpstwie nie tylko ostrego niedotlenienia, ale réowniez przewleklej asfiks;ji.
Podatnos¢ pnia moézgu na uszkodzenie w okresie intensywnego metabolizmu zwiazanego
z dojrzewaniem wskazuje jak waznym jest zapobieganie patologii ciazy. Jej wplyw moze bowiem
na drodze asfiksji doprowadzi¢ do uszkodzen osrodkoéw pniowych o zasadniczym znaczeniu dla
przezycia porodu i adaptacji noworodka do samodzielnego zycia.
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LECTIN HISTOCHEMISTRY AND ALKALINE
PHOSPHATASE ACTIVITY IN THE PIA MATER VESSELS
OF SPONTANEOUSLY HYPERTENSIVE RATS (SHR)

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

Some lectins were used to study the localization of sugar residues on the endothelial
cell surface in the pia mater blood vessels of control (WKY) and hypertensive rats
(SHR). The lectins tested recognized the follwing residues: beta-D-galactosyl (Ricinus
communis agglutinin 120, RCA-1), alpha-L-fucosyl (Ulex europaeus agglutinin,
UEA-1), N-acetylglucosaminyl and sialyl (Wheat germ agglutinin, WGA),
N-glycolyl-neuraminic acid (Limax flavus agglutinin, LFA), and N-acetyl-D-galac-
tosaminyl (Helix pomatia agglutinin, HPA). Several differences were revealed in the
presence of sugar receptors on the surface of endothelial cells between the control
and the hypertensive rats. Our studies showed also differences in the localization of
the tested glycoconjugates between pial capillaries, small, medium-size and large pial
arteries. The histochemical evaluation of alkaline phosphatase revealed an increased
activity of the enzyme in the pial vessels of SHRs as compared with control rats with
a similar localization of the enzyme activity. Some differences in the distribution of
lectin binding sites and alkaline phosphatase activity could be associated with the
different functions of particular segments of the pial vascular network.

Key words: lectins, glycoconjugates, pia mater vessels, rats, hypertension.

The blood-brain barrier (BBB), a specific system controlling bidirectional
exchange between the vascular bed and brain parenchyma is a well known and
extensively studied biological phenomenon. Processes of intensive metabolic
exchange are located mostly at the level of endothelial cells (ECs) of brain
microvessels, including capillaries, precapillary arterioles and postcapillary
venules. The transport across ECs, showing in most instances features of active
transport, is controlled and mediated by special mechanisms, in which specific
enzymatic systems are involved (Joo 1969, 1971; Oldendorf 1977; Betz,
Goldstein 1978; Bradbury 1979; Betz et al. 1980; Kreutzberg, Toth 1983; Joo et
al. 1983; Vorbrodt et al. 1983). Structural and functional brain abnormalities
are frequently related to the disturbances of BBB mechanisms in which the
function of these enzymatic systems, located both in the cytoplasm and on the
surface of ECs is either disturbed or damaged. Numerous histochemical and
ultrastructural studies of recent years documented such abnormalities in
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various pathological conditions (Joo et al. 1983; Vorbrodt et al. 1983, 1985;
Lossinsky, Wisniewski 1986; Szumanska, Mossakowski 1985, 1988; Szuman-
ska 1986). However, most of the above studies indicating the important role of
the vascular network in metabolic processes in the brain concerned those brain
regions which are protected by the BBB, and only few of them dealt with blood
vessels from those brain regions and structures which are lacking the BBB
system (Mchedlishvili, Baramidze 1971; Gadamski, Baramidze 1979; Vorbrodt
et al. 1984; Gadamski et al. 1989).

Several essential features distinguish cerebral microvessels in non-barrier
brain regions from those characterized by the presence of the barrier system.
They concern both the structure of ECs and their interrelations (presence of
fenestrations, lack of intercellular tight junctions) as well as histochemical and
permeability properties. This indicates that the mechanism of transport across
the ECs in non-BBB regions and in pia mater vessels may be characterized by
different metabolic and functional properties of their endothelial lining. This
inclined us to apply a histochemical technique revealing the distribution of
some chosen monosaccharide residues on the surface of the ECs in pia mater
vessels both in normal and hypertensive rats. Their arrangement and dist-
ribution were compared with the localization of alkaline phosphatase (AP)
activity, the enzyme participating in the active transport processes through the
vessel walls (Samorajski, McCloud 1961; Vorbrodt et al. 1983).

MATERIAL AND METHODS

The investigations were performed on two rat strains: normal (Wistar
Kyoto) (WKY) and spontaneously hypertensive (SHR) one. Animals in ether
anesthesia were sacrificed by intracardiac perfusion with a fixative containing
2% paraformaldehyde and 1% glutaraldehyde in O.1 M cacodylate buffer, pH
7.4. After 15 min of perfusion, the brains were removed from the skulls and
pieces of pia mater were stripped off from the brain in Krebs-Ringer solution
and placed into ice-cold fixative for 1.5 h. Pia mater specimens were then
washed in PBS, pH 7.4. Part of the fixed material was used for evaluation of the
AP activity according to Mayahara et al. (1967) in Vorbrodt’s et al. (1981)
modification in a medium containing beta-glycerophosphate as substrate.
Control medium contained 0.5 mM levamisole hydrochloride as an inhibitor of
AP activity.

The remaining part of fixed pia mater specimens were exposed to avidin

biotinylated-horseradish peroxidase-labeled lectins for detection of specific
sugar residues (methodological details in papers of Szumanska et al. 1986,
1987). Lectins revealing the following sugar residues were used: 1. Be-
ta-D-galactosyl (Ricinus communis agglutinin 120) (RC-1), 2. Alpha-L-fucosyl
(Ulex europaeus agglutinin) (UEA-1), 3. N-acetylglucosaminyl and sialyl
(Wheat germ agglutinin) (WGA), 4. N-glycolyl-neuraminic acid (Limax flavus
agglutinin) (LFA), and 5. N-acetyl-D-galactosaminyl (Helix pomatia agglutinin)
(HPA).
After the reaction the specimens were embedded in glycerogel and examined in
a light microscope concentrating especially on large (diameter above 130 um),
medium-size (60 — 130 um) and small (25— 60 um) arteries and on what is called
sphincters of offshoots (diameter about 50 pum).
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RESULTS
Alkaline phosphatase (AP)

In WKY (control) rats the strongest AP reaction was observed in sphincters
of offshoots of large, medium-size and small pial arteries and in the walls of
capillaries, precortical and radial arterioles (Figs 1, 2). Larger arteries and other
structural elements of pia mater did not exhibit AP activity. The positive
reaction was completely inhibited when levamisole was added to the in-
cubation medium. In the group of SHRs the localization of AP activity was
similar to that mentioned above, but its intensity was higher (Fig. 3). The vessel
walls of SHRs pia mater seemed thicker than in WKY rats. The positive
reaction revealed also loosely scattered, melanine-containing cells not observed
in WKY rats. In the remaining structural pial elements, AP reaction was
negative.

Lectins

In the WKY rats the majority of precortical and radial arterioles as well as
large and medium-size vessels did not show even a trace reaction with RCA-1,
whereas small arterioles (12— 18 pum) were occasionally decorated with RCA-1
(Fig. 4). Pia mater vessels of SHRs revealed moderately positive staining with
this lectin. The walls of vessels about 40 pm diameter and their offshoot
sphincters showed intense labeling in the form of a homogeneously diffusional
reaction (Fig. 5). Therefore, the number of galactosyl binding site receptors in
the vessel walls of SHRs was evidently greater than in WKY rats.

When UEA-1 was used to investigate the labeling of alpha-L-fucosyl
residues, the localization and intensity of the staining reaction was similar to
that with RCA-1. While UEA-1 agglutinin showed almost negative staining in
pial vessels of WKY rats, in the SHR group the radial arterioles and arteries of
30— 50 pm diameter showed a positive homogeneous reaction of low intensity
(Fig. 6). In the case of nonperfused animals the additional strong reaction with
UEA-1 revealed morphotic blood elements (Fig. 7).

Monosaccharide receptors recognized by LFA agglutinin (neuraminic acid
residues) were found in WKY rats in trace amounts in precortical and radial
arterioles and larger size vessels (Fig. 8). In a group of SHRs the amount of
neuraminic acid receptors in the walls of pia mater vessels seemd greater: the
staining reaction was more pronounced (Fig. 9). This applied mainly to the
radial arterioles (compare Figs 8 and 9).

Of the five lectins tested the most intensive reaction of pia mater vessels in
WKY rats was observed after incubation of the tested tissue with WGA.
A characteristic feature of this reaction was its maximal intensity in precortical
and radial arterioles (of 12— 18 pum diameter), while most of the remaining
vessels were negative (Fig. 10). In a group of SHRs the reaction with WGA was
similar as in control rats, only somewhat stronger. An additional difference was
the appearance of binding sites for WGA in the walls of vessels of about
30— 60 pm diameter (Fig. 11) and in the fiber-like structures surrounding larger
pial vessels (60 — 130 pm). Under the conditions of the applied technique it was
not pssible to recognize whether these fibers were of collagen or elastic type.
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Fig. 1. Control rat. Reaction for AP activity. Strong staining in capillaries (arrows), radial
arterioles (arrowheads) and offshoot sphincters (star). x 100

Fig. 2. WKY rat. Strong AP activity in radial arterioles (arrowhead) and offshoot sphincters
(stars). x 200

Fig. 3. SHR. Very strong AP activity in offshoot sphincters (arrowheads) and in radial arterioles
(star). The reaction is much stronger than in control rat (compare Fig. 2). x400

Fig. 4. WKY rat. Moderate intensity of RCA-1 labeling in the vessel walls with diameter above
12—28 pm (arrows). Larger vessels are unlabeled (arrowhead). x 100
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Fig. 5. SHR. Positive staining reaction with RCA-1 in radial arterioles (arrows) and medium size

vessels (star). Vessels of larger caliber (arrowheads) are unlabeled with this lectin. Sphincters of
offshoots, contrary to AP activity, do not show stronger reaction. x 100

Fig. 6. SHR. Labeling with UEA-1 is equally weak in the walls of radial arterioles (arrowheads)
and larger vessels (arrows). x 100

Fig. 7. SHR. Unperfused animal. High labeling with UEA-1 of the blood morphotic elements and
only negligible in the radial arteriole walls (arrows). x 100

Fig. 8. WKY rat. Staining reaction with LFA revealed sialic acid receptors in the walls of medium
size arteries with diameter above 30 pm (arrow). Smaller vessels remained unstained. Strong LFA
binding to red blood cells. x 100
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Fig. 9. SHR. Increased intensity of staining reaction with LFA in radial arterioles (arrows) and
larger vessels as compared with the control (Fig. 8). x 100

Fig. 10. WKY rat. Very intensive staining reaction with WGA in radial arterioles (arrows). Larger
vessels remained unstained (arrowhead). Positive staining of fibrous elements of pia mater shows
WGA binding sites also present there. x 60

Fig. 11. SHR. WGA staining reaction much more intensive than in control animals (Fig. 10).
WGA binding sites appear in the walls of the vessels of 30 —60 pm diameter (arrowheads). Strong
staining in radial arterioles (arrows) and on the fibrous elements surrounding larger vessels. x 100

Fig. 12. SHR. WGA staining reaction. Strong labeling in the fibrous elements on the walls of
medium size and large arteries. Very strong reaction in radial arterioles (arrowhead). x 400
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Fig. 13. WKY rat. Positive staining with HPA in radial arterioles (arrows). Larger vessels are
negative. x 100

Fig. 14. WKY rat. HPA staining reaction. The walls of radial arterioles are labeled (arrowheads).
Larger vessels remain unstained. x 200

Fig. 15. SHR. Labeling with HPA is more pronounced than in control animals (Fig. 14),
particularly in the small arteries (8 —15 pum) (arrows). Positive reaction is also exhibited by the
fibrous elements in larger vessels (with diameter above 65 pum). x 400
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Strong labeling with WGA showed precisely longitudinal and transverse
stripes surrounding larger pial vessel (Fig. 12).

The staining reaction with HPA agglutinin in the control rats was positive
in larger vessels and radial arterioles with diameter of 6—15 pm (Fig. 13).
Larger vessels did not reveal the presence of this sugar receptors (Fig. 14).
Staining intensity of HPA residues was markedly increased in SHRs in vessels
of the same diameter as compared with that in WKY rats. This concerned
mainly the walls of small arteries, but the affinity to HPA also revealed
a longitudinal fiber-like structures running along the walls of larger pial vessels
(Fig. 15).

DISCUSSION

The results of our studies indicate that there exist essential differences in the
localization of different monosaccharide residues (glycoconjugates) in the
particular elements of the rat pia mater vascular network, and also some
differences between normal and hypertensive rats. Earlier histochemical and
ultracytochemical studies revealed also essential differences in lectin-binding
sites between the vessels of regions protected by BBB (Gerhart et al. 1986;
Szumanska et al. 1986; Vorbrodt et al. 1986; Vorbrodt 1988) as well as after
damage of the BBB (Vorbrodt et al. 1986).

Glycoproteins, also known as lectins, synthesized from plants (usually
conjugated in an avidin-biotin-peroxidase complex) are commonly used as
a histochemical marker of oligosaccharide residues present on the cell surface
of many tissues and organs. The lectin technique is very useful in microscopic
studies of the distribution of many monosaccharide residues, especially those of
the cell membranes in normal and pathological conditions. It has been
suggested that glycoconjugates may be involved in many cellular functions
such as stabilization of the membrane structure, cell-cell recognition, cell
adhesion, neoplastic transformation, growth control, ion transport across
membranes, or binding of hormones (Pino 1984; Gerhart et al. 1986; Vorbrodt
1988).

Lectin histochemistry has been developing very dynamically since 1982
when Simionescu et al. and Palade et al. revealed that each lectin seems to
recognize a specific monosaccharide residue located either at the end of an
oligosaccharide chain or in an accessible subterminal position on the luminal
surface of the vascular endothelium. Most lectins have more than one binding
site and some have an affinity for more than one residue.

In the passage of various macromolecules across vascular endothelium are
involved both luminal and albuminal surfaces of ECs with all kinds of
receptors located there, as well as a negative charge (anionic sites) in all vessels
of the central nervous system (Palade et al. 1982; Simionescu et al. 1982:
Vorbrodt et al. 1984; Alroy et al. 1987).

Presence of sugar receptors of many lectins has been detected in endothelial
cells with changes in their configuration and chemical content in various
pathological conditions (Hennigar et al. 1985; Schulte, Spicer 1985; Gerhart et
al. 1986; Szumanska et al. 1986, 1987; Vorbrodt 1986, 1987; Alroy et al. 1987:
Fatehi et al. 1987).
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The almost total lack of beta-D-galactosyl residues detected with RCA-1 in
pial ECs of WKY (control) rats is very surprising since in the animal brain
endothelia so high an intensity of reaction with this lectin was found, that it
could be considered a marker of these cells (Szumanska et al. 1986). The high
concentration of beta-D-galactosyl residues in the ECs of the BBB-vessels and
fenestrated ones (Pino 1984; Alroy et al. 1987; Vorbrodt 1988) makes us
conclude that the RCA-1 receptor is typical for all animal endothelia but it
should not be associated with the BBB mechanisms.

In the control material tested also important was the noted negative result
of the reaction with UEA-1, indicating lack of fucosyl residues. This confirms
the hypothesis of Holthofer et al. (1988) that UEA-1 is a marker of human
blood microvessels only, although some alpha-l-fucosyl residues have been
observed in the pial endothelia of SHRs. Furthermore, in the vascular network
of SHRs the staining intensity of WGA, LFA and HPA was markedly
increased as compared with the control. Very surprising was the presence in
pial microvessels of RCA-1 and UEA-1 sugar residues in a group of SHR, but
not in control rats. The methodology used by us (light microscopy) does not
allow to recognize the differences revealed by the EM technique, nevertheless,
we can state that the differences in a number of receptors of particular lectins
between control and hypertensive rats are unquestionable.

We have also revealed differences in histochemical staining intensity of the
tested glycoconjugates depending on the type of microvessels (capillaries,
arterioles and venules). The structural and functional differences between these .
three types of vessels have been known for a long time. Nag and Arseneau
(1983) observed in hypertensive rats an increased permeability and negative
charge, but only in some segments of the arterioles, whereas capillaries and
venules remained unpermeable to the tracer. Similar observations have been
made by Vorbrodt et al. (1986) and Vorbrodt (1988) who found after BBB
injury reverse transport (abluminal one) of extravasated edematous fluid across
the walls of metarterioles and venules, but not across the capillary walls. Such
reverse transport is accompanied by changes in polar distribution of alkaline
phosphatase in luminal and albuminal EC plasmalemma. That is why we have
decided to evaluate AP activity in our material and compare its localizatin and
intensity with the pattern of some monosaccharide receptors on the endothelia
of the pia mater vessels of normal and hypertensive rats. AP is considered to be
a marker of plasma membranes in capillary endothelia. It is one of the enzymes
located there and participating in active transport across vessel walls.

The results of our study indicate that only small pial arterioles and

“sphincters of offshoots show high AP activity, which is stronger in SHRs than
in control rats. This can be treated also as an exponent of increased BBB
permeability in the ECs of hypertensive rats. Yet it must be stressed that very
high AP activity was found not only in the small pial arterioles, but also in
offshoots which do not correspond to what is called “active segments”
(Mchedlishvili, Baramidze 1971) and to the distribution of dehydrogenase and
nucleotidase enzyme activity (Gadamski et al. 1980). Also the distribution of
binding sites of the tested lectins does not correspond to the spots of intensive
AP activity in the pial vasculature. The hypothesis of Sokolova et al. (1985)
concernig the rarefaction of arterioles and capillary network in the brain of rats
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with different forms of hypertension needs separate comment. The above
mentioned authors considered the decrease of vessel diameters due to thic-
kening of their walls and dilution of the pial vascular network as a result of
hypertension. An essential role in the process of autoregulation under these
pathological conditions is played by the sphincters of offshoots. Increased AP
activity at those particular sites in our hypertensive rats may also confirm this
hypothesis.

The results of our study suggest therefore, that not only particular enzyme
systems, but also glycoconjugates are important components of the cell surface,
participating in transport phenomena in the endothelia of the brain and pia
mater vascular network.

HISTOCHEMIA LEKTYN ORAZ AKTYWNOSC
FOSFATAZY ZASADOWEJ W NACZYNIACH OPONY MIEKKIEJ U SZCZUROW
Z WRODZONYM NADCISNIENIEM TETNICZYM

Streszczenie

Lektyny, ktorych receptory cukrowe zlokalizowane sa na btonach komorek srodbtonkowych,
uzyto do badan histochemicznych glikokoniugatéw wystepujacych w sieci naczyn oponowych
moézgu szczuréw kontrolnych (WKY) i szczuréw z wrodzonym nadci$nieniem te¢tniczym (SHR).
Do badan uzyto lektyny, ktore rozpoznaja nastgpujace zakonczenia cukrowe: B-D-galaktozg
(Ricinus communis agglutinin — RCA-1), a-L-fukozg (Ulex europaeus agglutinin — UEA-1),
N-acetyl-glukozaming i kwas sialowy (Wheat germ agglutinin —WGA), N-acetyl oraz
N-glikolyl-kwas sialowy (neuroaminowy) (Limax flavus agglutinin —LFA) i N-acetyl-D-galaktoza-
ming (Helix pomatia agglutinin — HPA). Wykazano roznice w skladzie receptorow cukrowych
w komoérkach srodblonka u szczurow kontrolnych i nadci$nieniowych oraz réznice w ich
lokalizacji pomiedzy kapilarami, tetniczkami i naczyniami zylnymi.

Wykonano rowniez badanie histochemiczne aktywnosci fosfatazy zasadowej, enzymu uczest-
niczacego w mechanizmie zaburzen bariery naczyniowo-mozgowej. Stwierdzono wzrost aktywno-
$ci enzymu u szczurow z nadcisnieniem, przy podobnej lokalizacji aktywnosci fosfatazy zasadowej,
jak u zwierzat kontrolnych.

Wykazane roznice sugeruja mozliwos¢ zroznicowania funkcji metabolicznych w  po-
szczeg6Olnych odcinkach drzewa naczyniowego opony migkkiej szczura.
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The ultrastructural localization of calcium deposits in the synapses of rat hippocam-
pus after 10 min global cerebral ischemia was evaluated. Oxalate-pyroantimonate
technique was applied. After 24 hours of postischemic recirculation enhancement of
intracellular (pre- and postsynaptic parts) and extracellular (synaptic clefts) calcium
deposits was found in great proportion of synapses in CA, sector. Abundant
Ca-precipitates appeared specially in synaptic clefts and in the postsynaptic parts
near synaptic densities. Increased calcium deposits in some changed mitochondria
were also observed. The results presented in this paper suggest synaptic modulation
of Ca?* homeostasis, disturbed after ischemic incident. Presence of Ca-precipitates
in synaptic clefts and postsynaptic parts seems to be a sensitive indicator of increased
calcium influx from the extracellular to the intracellular compartments.

Key words: hippocampus, synapses, Ca-pyroantimonate technique, ischemia.

Delayed neuronal death is a characteristic type of irreversible nerve cell
injury resulting from cerebral ischemia. It appears in some selectively vulnerab-
le neuronal groups of the brain, among which pyramidal cells of the CA, sector
of Ammon’s horn have been most extensively studied. Delayed neuronal death,
first described by Ito et al. (1975) in Mongolian gerbils as an exponent of the
maturation phenomenon, was later shown to occur both in gerbils and rats in
various experimental models of cerebral ischemia (Kirino 1982; Kirino et al.
1984; Kirino, Sano 1984; Yamaguchi, Klatzo 1984; Suzuki et al. 1985;
Mossakowski et al. 1989). It is generally accepted that delayed neuronal death
results from the excitotoxic action of aminoacid neurotransmitters, mostly
glutamate and aspartate (Olney et al. 1983; Griffith et al. 1984).

Two main mechanisms of neuronal changes due to the action of excitatory
aminoacid neurotransmitters (EAAs) are postulated (Rothman, Olney 1986;
Siesjo, Bengtsson 1989). The first is represented by acute cellular swelling,
resulting from abnormal ions and water influx into neurons, following opening
of ion channels by EAAs (Choi 1985, 1987; Rothman 1985). The second type is
represented by a delayed mechanism mediated by the increased intracellular
level of free calcium, which activates a number of metabolic processes leading
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to cell disintegration and death (Choi 1987, 1988; Siesjo, Bengtsson 1989). Two
major features distinguish both cellular responses to the action of EAAs. These
are selectivity and reversibility. Delayed neuronal death is known to be
selective and irreversible. Acute cellular swelling accompanied by a transient
increase of cytosolic Ca** concentration is totally reversible and involves all
types of neurons and dendritic fields, which receive excessive EAAs stimulation
(Olney et al. 1983; Griffith et al. 1984). The synaptic mechanism operated by
EAAs in the hippocampus interacts with other neurotransmitter systems, in
which GABA, acetylocholine, adenosine, serotonin, noradrenaline, histamine
and/or neuropeptides are involved. Functional balance between inhibitory and
excitatory stimulation plays an important role in preventing cellular damage
due to ischemia. It seems, therefore, possible that the pathological process
ending as delayed neuronal death of CA, hippocampal pyramidal neurons may
at least be initiated by disturbances of this balance caused by the decreased
inhibition appearing against the background of normal or enhanced excitation
by EAAs during the postischemic period. Our previous electron-microscope
studies revealed features of an early and reversible alteration of CA, sector
interneurons, which may result in insuffiency of GABA-ergic inhibitory
processes (Gajkowska et al. 1989). Yasumoto et al. (1988) described a decrease
of GABA content in the CA, sector after cerebral ischemia and postulated that
reduced inhibitory processes may be one of the factors responsible for neuronal
damage. The delayed neuronal death of pyramidal neurons in the CA,
hippocampal sector is preceded by accumulation of calcium in the tissue (van
Reempts et al. 1986; Deshpande et al. 1987). Its cellular compartmentation has
so far not been clarified. These alterations of calcium homeostasis evoked by
excitatory synaptic stimulation in the selectively vulnerable area of Ammon’s
horn in cerebral ischemia inclined us to perform ultrastructural and cyto-
chemical studies of synaptic contacts in the CA, hippocampal sector in case of
global cerebral ischemia resulting from temporary cardiac arrest in rats.
Application of the highly sensitive oxalate-pyroantimonate histochemical
technique of Borges et al. (1977) as modified by Mata et al. (1987) seemed to be
- most appropriate for specific visualization of calcium distribution of various
compartments of the synaptic system.

MATERIAL AND METHODS

Studies were carried out on 10 male Wistar rats, weighing 160— 180 g. In
the experimental animals cardiac arrest was achieved for 10 min according to
Korpachev et al. (1982). A detailed description of experimental procedure and
pathophysiological data were presented previously (Mossakowski et al. 1986).

24 h after resuscitation 5 experimental animals were sacrificed by transcar-
diac perfusion with a 2.5% solution of glutaraldehyde in 0.1 M cacodylate
buffer, pH 7.4. Blocks of brain tissue containing the CA, sector of dorsal
hippocampus were taken and additionally fixed for 1 h in 2.5% of glutaral-
dehyde solution, washed in 0.1 M cacodylate buffer and postfixed in 2.0%
osmium tetroxide in cacodylate buffer. They were dehydrated routinely in
alcohol solutions and propylene oxide and embedded in Epon 812. Ultrathin
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sections were counterstained with uranyl acetate and lead citrate, and
examined in a JEOL 1200E electron microscope.

The remaining 5 experimental animals were 24 h after resuscitation
perfused transcardially for 2 min with 90 mM potasium oxalate in 1.9%
sucrose, adjusted to pH 7.4 with KOH at 37°C. This was followed by perfusion
with a solution composed of 3% glutaraldehyde 0.5% paraformaldehyde, 90 mM
potasium oxalate and 1.9% sucrose adjusted to pH 7.4 with KOH. Perfusion
lasting approximately 1 h was performed at a constant rate. At the end of
perfusion, the tissue samples containing the CA, sector of dorsal hippocampus
were taken and kept in the fixative solution for 2 h at 4°C. Then they were
rinsed in 90 mM potasium oxalate in 1.9% sucrose, pH 7.4, postfixed in 1%
osmium tetroxide and 2% potasium pyroantimonate for 2 h at room
temperature. Unbound potasium pyroantimonate was washed out by rinsing
the tissue samples for 15 min in water adjusted with KOH to pH 10.
Subsequently, samples were dehydrated in graded ethanol solutions and
embedded in Epon 812. Ultrathin sections, counterstained with uranyl acetate
and lead citrate were examined in a JEM 1200E electron microscope.

In order to check the spacificity of the reaction, ultrathin sections mounted
on grids were washed in 10 mM EGTA (ethylene glycol-bis-f-aminoet-
hyl-ether) — N,N,N’,N'-tetraacetic acid), the calcium chelating agent, for 1 h at
60°C. EGTA-treatment in turn was controlled by incubation of the sections in
distilled water for 1 h at 60°C.

Two animals not subjected to any experimental procedures served as
control material. Tissue blocks containg the CA, sector of dorsal hippocampi
were processed indentically as those from the experimental animals.

RESULTS

Ultrastructural observations.

The great majority of the synaptic contacts in the CA, sector examined 24 h
after the ischemic incident were ultrastructurally unchanged. This concerned
symmetric and asymmetric synapses of axo-somatic and axo-dendritic types.
No abnormalities were observed either in the axonal endings, synaptic clefts or
postsynaptic areas (Figs 1, 2). However, among the dominating ultrastructural-
ly unchanged synaptic population, some synapses revealed obvious abnor-
malities, concerning both the pre- and postsynaptic parts.

Some presynaptic bags were swollen, they were devoid of synaptic vesicles
or contained a remarkably reduced number of them (Fig. 3). Abnormal
arrangement of synaptic vesicles in the direct vicinity of the synaptic cleft was
a common feature. In some cases swollen mitochondria represented the only
organelles of swollen axonal endings. So changed synaptic contacts were
located mostly on ultrastructurally altered perikarya of pyramidal cells and
their dendritic shafts or spines (Figs 3, 4). Some of the pyramidal cells revealed
marked dilatation of channels of the rough endoplasmic reticulum and
disaggregation of polyribosomes and cytoskeleton elements. However, most of
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Fig. 1. CA, sector, 24 h after cerebral ischemia. Fragment of neuropil with ultrastructurally
unchannged synapses both in pre- and postsynaptic parts. x 30000
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Fig. 2. CA, sector, 24 h after ischemia. Unchanged axo-dendritic asymmetric synapse. Note
clearly visible synaptic cleft, filled with delicate floccular filaments (arrows). x 90 000

the mitochondria and other cytoplasmic organelles seemed to be relatively well
preserved. Some of the dendritic profiles in the neuropile of the CA, sector
were greatly swollen, containing distended vacuolar structures (Fig. 3).

Cytochemical observations.

In control animals, not subjected to any experimental procedure, cyto-
chemical pictures resembled that described previously by Probst in 1986.
Delicate, fine calcium deposits were present mostly in the extracellular
compartment first of all within the synaptic clefts. Some fine granular material
was also visible in the cytoplasm of both pre- and postsynaptic parts (Fig. 5).
Intramitochondrial calcium deposition was a rather unfrequent feature.

The only difference between control and experimental animals as far as
cytochemical picture is concerned consisted in significant increase of calcium
deposition within the synaptic compartments in animals which survived the
ischemic incident. In quite a large proportion of the synapses abundant calcium
aggregates were present. Most of them were localized within synaptic clefts and
in the postsynaptic parts (Figs 6, 7, 8, 9). In the latter location they were either
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of two ultrastructurally altered pyramidal cells (P). Among apparently normal synapses (S), some
display considerable swelling, reduction in number of synaptic vesicles and abnormal arrangement
as well as appearance of large vesicular structures (arrows). x 30000
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Fig. 4. CA, sector, 24 h after ischemia. Slightly abnormal dendritic shaft surrounded by mostly
unchanged synaptic bags (S). Some of them are swollen and display abnormalities concerning
number and arrangement of synaptic vesicles (arrows). x 30000
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Fig. 5. CA, sector, control animal. Oxalate-pyroantimonate reaction. Fine-granular calcium
deposits are spread in both pre- and postsynaptic parts in the vicinity of the synaptic densities
(arrows). Calcium deposits are also visible in some mitochondria (asterisk). x 60 000
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Fig. 6. CA, sector, 24 h after ischemia. Oxalate-pyroantimonate reaction. Dense calcium deposits
(arrows) are present within the synaptic clefts and in the postsynaptic parts of swollen dendritic
shafts (D). x 50 000

diffusely spread or clumped in larger accumulations (Fig. 6). It is noteworthy
that the direct vicinity of postsynaptic density was the most common site of
calcium aggregation in intracellular synaptic compartments. Occasionally
mitochondria displaying ultrastructural alterations contained either fine granu-
lar or dense calcium deposits (Figs 7, 9). Presynaptic bags very seldom
displayed calcium aggregation. Synaptic structures containing calcium deposits
either in synaptic clefts or postsynaptic parts were usually contacting ultra-
structurally changed perikarya of the pyramidal neurons or their abnormal
dendritic shafts and spines.

DISCUSSION
Our cytochemical observations showed that application of the oxala-

te-pyroatimonate technique of Borges et al. (1977) permits reproducible
demonstration of tissue calcium deposits in the central nervous system in both

http://rcin.org.pl



120 G. Gajkowska, M. J. Mossakowski

Fig. 7. CA, sector, 24 h after ischemia, oxalate-pyroantimonate reaction. High magnification of

synaptic contacts. Accumulation of calcium deposits within synaptic clefts (arrows) and in

postsynaptic part in the vicinity of synaptic density. Note swollen nerve endings with aggregations

of synaptic vesicles. Granular and diffuse calcium precipitates are present within mitochondrium
(asterisk) of postsynaptic part (D). x 75000
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Fig. 8. CA, sector, 24 h after ischemia, oxalate-pyroantimonate reaction. Large swollen dendrite
surrounded by slightly swollen synaptic bags with irregular aggregations of synaptic vesicles. Some
synaptic contacts show dense calcium deposits within synaptic clefts (arrows). x 45000
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Fig. 9. CA, sector, 24 h after ischemia, oxalate-pyroantimonate reaction. Dendritic profiles

containg mitochondria with large (ultrastructurally changed) and granular (ultrastructurally

normal) calcium deposits (arrows). Note calcium precipitates within synaptic clefts (asterisk).
x 60 000
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normal and pathological conditions. In the presented series of studies we
concentrated our attention on the CA; sector of Ammon’s horn under
conditions of global cerebral ischemia resulting from experimentally induced
cardiac arrest in rats, on the basis of the generally accepted hypothesis
concerning the damaging effect of intracellular influx of calcium following the
excitatory action of amino acid neurotransmitters operating in this particular
brain area (Choi 1988; Siesjo, Bengtsson 1989).

The specific target of our observations were synaptic contacts in this region
24 h after restoration of the cerebral blood flow. Selection of this particular
postischemic period was connected with earlier literature data indicating the
beginning of increased tissue calcium content within 24—48 h following
temporary brain ischemia (Deshpande et al. 1987). According to their obser-
vations maximmal calcium concentration was concomitant with progression or
irreversible neuronal changes. The other reason of this choice were our electron
microscopic observations indicative that ultrastructural exponents of calcium
deposition in the cytoplasm of sector CA, neurons after short lasting forebrain
ischemia in Mongolian gerbils started to appear 24 h after restoration of
normal cerebral blood flow (Mossakowski et al. 1989). In earlier postischemic
stages ultrastructural abnormalities of CA, interneurons suggested insufficien-
cy of GABA-ergic inhibition. This inclined us to postulate that the process
leading finally to delayed neuronal death may result from imbalance between
inhibitory and excitatory stimulation of the CA, pyramidal neurons, the former
due to temporary insufficiency of GABA-ergic interneurons, the latter — follow-
ing excessive glutaminergic stimulation via Schaffer’s collaterals (Gajkowska et
al. 1989).

Our cytochemical studies showed that the essential difference between
control and experimental studies was basically quantitative and consisted in
more abundant calcium precipitation in animals which survived the ischemic
insult. The second feature distinguishing both animal groups was distribution
of calcium deposits. In the control animals calcium aggregates were more or
less equally distributed in the pre- and postsynaptic parts of synapses with
marked accentuation in the synaptic clefts. This calcium distribution was
previously described by Ohara et al. (1979) and more recently by Probst (1986).
In our experimental animals most of the calcium deposits were localized either
in the synaptic clefts or in postsynaptic parts, with relatively slight ac-
cumulation in presynaptic bags. The increased postsynaptic calcium content
indicates its massive influx from the extracellular space to intracellular
compartment, related with reduced energy metabolism and damage of trans-
port mechanisms (Siesjo, Wieloch 1985; Wieloch, Westerberg1989). Postsynap-
tic calcium deposition confirmed the previous observation of van Reempts et
al. (1986), who described this phenomenon in another model of cerebral brain
ischemia. Very slight calcium accumulation in presynaptic bags in the ischemic
animals, lower than in the control ones seems to be related with the examined
stage of postischemic events. It has been established by Blaustein et al. (1978)
that in the presynaptic terminal calcium influx leads to the fusion of synaptic
vesicles with the membranes and to release of neurotransmitters to the synaptic
clefts. Vesicles clumping in the direct vicinity of presynaptic densities and
significant reduction of the amount of the synaptic vesicles in the axonal endings
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may suggest that we were observing final stages of the neurotransmitter
secretion. It seems, however, impossible to exclude that swollen and empty
synaptic bags belong to damaged inhibitory interneurons, as described in our
previous studies (Gajkowska et al. 1989). This hypothesis finds support in their
location on the cell bodies of the pyramidal neurons, which is the typical site of
inhibitory nerve endings in this part of the hippocampus.

LOKALIZACJA JONOW WAPNIA W SYNAPSACH HIPOKAMPA
SZCZURA PO ISCHEMII

Streszczenie

Oceniono ultrastrukturalna lokalizacj¢ ztogéw wapnia w synapsach hipokampa szczura po
10 min catkowitym niedokrwieniu, stosujac cytochemiczng metodg pyroantymonowa. Stwierdzono
wzrost wewnatrzkomorkowych (w odcinkach pre- i postsynaptycznych) oraz zewnatrzkomor-
kowych (w szczelinach synaptycznych) ztogéw wapnia w wigkszosci badanych synaps odcinka CA
hipokampa. Obfito$¢ zlogow wapnia byla szczegolnie zaznaczona w szczelinach synaptycznych
oraz w odcinkach postsynaptycznych. Mitochondria wykazywaly rowniez nagromadzenie w nad-
miarze zlogéw Ca. Przedstawione wyniki sugeruja zaburzenie synaptycznej homeostazy wapnia po
przebytym incydencie niedokrwiennym i wzmozony naplyw jonow Ca z przestrzeni zewnatrz-
komoérkowych do wewnatrzkomorkowych.
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CHANGES IN ENDOGENOUS PROSTACYCLIN IN THE RAT
BRAIN DURING CLINICAL DEATH AND AFTER RESUSCITATION
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By means of the radioimmunologic method changes of concentration of 6-ke-
to-prostaglandin F,, (PGF,,) — the stable metabolite of prostacyclin in the rat brain
have been evaluated during 5-min clinical death and up to 2 hrs after resuscitation.
Ischemia did not produce significant changes of 6-keto-PGF ,, concentration in the
brain. In the early postresuscitation period the concentration of 6-keto-PGF, in the
and 7-fold control values. Later the concentration of 6-keto-PGF,, in the brain
decreased reaching in 30 min a 3-fold the control level, and in 60 and 120 min after
resuscitation control values. The reasons of unsuccessful therapy of ischemic stroke
with prostacyclin are discussed.

Key words: Prostacyclin, ischemia, rat brain.

A diverse array of mammalian cells and tissues enzymatically oxidize
arachidonic acid to physiologically active compounds. These compounds
include prostacyclin, thromboxanes, prostaglandins and leukotrienes. Pro-
stacyclin, also known as prostaglandipn I, (PGI,) is an unstable vinyl ether
formed from the prostaglandin endoperoxide, prostaglandin H,. This conver-
sion of PGH, to prostacyclin is catalyzed by prostacyclin synthetase and the
two primary sites of synthesis are the veins and arteries. Prostacyclin has
biological properties opposing the effect of thromboxane A,. Prostacyclin is
a vasodilator and a potent inhibitor of platelet aggregation (Gryglewski et al.
1976; Moncada, Vane 1979) while thromboxane A, is a vasoconstrictor and
promoter of platelet aggregation (Hamberg et al. 1975; Svensson et al. 1975).
A physiological balance between the activities of these two effectors is probably
important for maintaining a healthy vascular bed.

Prostacyclin is unstable and undergoes spontaneous hydrolysis to 6-ke-
to-prostaglandin F,,. Study of this reaction in vitro established that prostacyc-
lin has a half-like of about 3 min (Cho, Allen 1978). This half-life increases to
9—23 min in platelet-poor plasma (Orchard, Robinson 1981). Due to this
spontaneous hydrolysis of prostacyclin, quantitation of 6-keto-prostaglandin
F,. is accepted by many researchers as a measure of prostacyclin formation
(Fitzpatrick et al. 1979).
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The deleterious effect of thromboxane and prostaglandins on cerebral
blood flow, including vasospasm and platelet aggregation, and the opposite
properties of PGI, have been a theoretical basis for the treatment of ischemic
stroke in the clinic (Gryglewski et al. 1982; Huczynski et al. 1985) and
experimental investigations (Hallenbeck, Furlow 1979; Kerckhoff et al. 1983;
Pluta 1985, 1986, 1988, 1990; Mossakowski, Gadamski 1987). The use of PGI,
(Pluta 1985, 1986) and/or the cyclooxygenase inhibitor indomethacin (Mos-
sakowski, Gadamski 1985, 1987) have been shown to have a protective effect
on restoring of bioelectric activity after complete brain ischemia in rabbit and
CA, hippocampal histologic damage in gerbil.

Nevertheless, the results of several studies were found to be negative in
therapeutic effects of PGI, in ischemic stroke in experimental studies (Kerck-
hoff et al. 1983; Pluta 1988, 1990) as well as in clinical practice (Huczynski et al.
1985).

We examined the effect of clinical death and recovery after resuscitation on
the content of deleterious eicosanoids PGD,, PGF,, and TxB, in the rat brain
(Kapuscinski, Hilgier 1989). It seemed useful to find out how intensive is the
synthesis of PGI,, and its dynamics as a potential protective agent in the same
experimental model.

The purpose of the present study was to evaluate the content of endogenous
PGI, in the rat brain during clinical death and after resuscitation.

MATRIAL AND METHODS

Under ether anesthesia 5-min clinical death was induced in 35 adult female
Wistar rats, weighing 170— 180 g, by intrathoracic compression of the cardiac
vessels bundle at the base of the heart, with a hook-like device without major
surgery (Korpachev et al. 1982). Cardio-pulmonary resuscitation was achieved
by external cardiac massage and artificial ventilation with air. The animals
were sacrificed in groups of five at the end of ischemia and 5, 15, 30, 60 and
120 min after resuscitation. Five animals served as a control group in which
under ether anesthesia a sham-operation was performed.

Preparation of brain samples and extraction procedures: the brains were
removed from the skull in less than 30 sec, frozen in liquid nitrogen and stored
at —70°C until analysed. Brain samples were cut off, weighed (approximately
400 mg) and homogenized in 0.1 N phosphate buffer pH 7.4 (Sml/g) in a Teflon
homogenizer at 0°C. The homogenates were diluted 1:4 in 1M HCI, cent-
rifuged at 10,000g at 4°C for 10 min. (*H) 6-keto-PGF,, with a radioactivity of
1,000 cpm, was added to each supernatant for calculation of recovery. The solid
phase extraction developed by Powell (1980) was modified according to
protocol for Amprep minicolumns (RPN 1903) and Amprep Manifold-10
(Amersham). The supernatants were applied to C, 100 mg minicolumns
prewashed with 2 ml methanol and 2 ml water. After application of the
supernatants interference elution was performed with 5 ml water, 5 ml 10%
ethanol and 5 ml hexane, followed by analyte elution with 5 ml methyl formate.
The eluates were concentrated under nitrogen gas and resuspended with 250 pl
of phosphate-buffered saline with gelatin and thimerosal (assay buffer). The
typical recovery was about 90%.
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The sensitive and specific (*H) 6-keto-prostaglandin F,, radioimmunoassay
(RIA) system (Amersham) was used. The sensitivity was with in the range
14 — 500 pg/tube. RIA was performed according to the recommended protocol.
All samples were assayed in duplicate with appropriate standards to construct
the standard curve for calculations. Sample extracts, radiolabeled tracer,
antiserum and standards were incubated at room temperature for 1 hour and
then at 4°C for 20 hours. Separation of the unbound radioactive ligand was
achieved by adsorption on dextrane-coated, charcoal, followed by cent-
rifugation. The radioactivity was counted for 10 min in Bray’s scintillant in an
LS 5000TA Beckman beta scintillation counter. Results were expressed as
mean + S.D. and analysed by Student’s test.

RESULTS
The dynamics of changes of 6-keto-PGF,, content in the rat brain in the

control group, at the end of the 5-min clinical death and during the
postresuscitation period up to two hours is presented in Table 1.

Table 1. 6-keto-prostaglandin F,, in the rat brain during clinical death and after resuscitation

End of cli- Period after resuscitation

Control .
nical death Shani 15 min 30 min 60 min 120 min

9224130 9484118 717.6%+162.1 633.4*+99.7 308.6*+122.6 96.6+21.2 91.41+19.7

Values represent means + S.D. from 5 animals in pg/g of wet tissue
* Significance in reference to control — p < 001

As seen in the Table 1, in the control sham-operated group, the mean level
of 6-keto-PGF,, in the brain was 92.2 pg/g of wet tissue. At the end of the
5-min clinical death this level did not differ significantly from the control and
was on the average 103%. In the early period after resuscitation the
concentration of 6-keto-PGF,, significantly and quickly increased reaching in
5 min on the average 778%. In the 15 min recovery period the concentration
slightly decreased being still very high, presenting on the average 687%. In the
later period after resuscitation the level of 6-keto-PGF,, significantly and
quickly decreased reaching in 30 min of recovery 335% and in 60 and 120 min
the control values 105% and 99% respectively.

DISCUSSION

The reversible increase of several prostaglandins including 6-keto-PGF,, in
the brain was observed by other authors in ischemic models on gerbils
(Gaudet, Levine 1979; Gaudet et al. 1980; Kempski et al. 1987) and rats
(Minamisawa et al. 1988). The important implication from the present study
together with the results of the above named authors is that synthesis and
release of endogenous PGI, in brain ischemia is efficient, relatively
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short-lasting, and appears in the early postischemic period. Actually, the
massive accumulation of arachidonic acid during the ischemic episode, allows
for its conversion into an eicosanoids cascade, including prostacyclin, during
the recovery period. The biological opposite effect of individual eicosanoids
should not be described by concentration units. Nevertheless, in our experimen-
tal model the 6-keto-PGF ,, concentration increased maximally 8-fold and that
of thromboxane B, (TxB,) 15-fold (Kapuscinski, Hilgier 1989). In the studies of
Minamisawa et al. (1988) 6-keto-PGF ,, level rose 5-fold and TxB, 11-fold. The
concentration of other deleterious prostaglandins rises enormously during that
time (Kapuscinski, Hilgier 1989), and one might assume that there is a relative
defficiency of endegenous prostacyclin as a vasodilator and inhibitor of platelet
aggregation.

It should be emphasized that in this particular experimental model after
5 min of ischemia, in the early recovery period, there is no platelet aggregation
and no vasospasm, on the contrary, cerebral vessels are maximally dilated
during postischemic reactive hyperemia (Kapuscinski 1987). Thus, the ap-
plication of PGI, as medication for ischemic stroke, in the early postischemic
period, when the concentration of endogenous PGI, is significantly elevated,
can produce result opposite to those expected with the known systemic
hypotensive effect of prostacyclin (Armstrong et al. 1978; Pluta 1986; Mos-
sakowski, Gadamski 1987).

The author assumes that the molecular mechanisms concerning alter-
nations in the brain in the postischemic period are so complicated that PGI,
with its short half-like and vasodepressor effect will be relinquished for the
therapy of vascular diseases, especially as a protective drug in ischemic stroke.
Even Ilprost — a chemically and biologically stable analogue of PGI, (Stock
1990) with its known inhibitory effect on platelet aggregation, white blood cell
adhesion and attenuating secretion of thrombotic and mitogenic factors
showed no protective effect on the development of selective damage of
Ammon’s horn CA, neurons, resulting from short-term forebrain ischemia in
gerbils (Mossakowski, Gadamski 1987).

Thus, on the basis of results of the present study and data from the
literature it seems reasonable to assume that therapy of ischemic stroke will
require a multidirectional pharmacological approach.

ZMIANY ENDOGENNEJ PROSTACYKLINY W MOZGU SZCZURA
PODCZAS SMIERCI KLINICZNEJ I PO RESUSCYTACIJI

Streszczenie

Przy uzyciu metody radioimmunologicznej oceniono zmiany stezenia 6-keto-prostaglandyny
F,.(PGF,,) — stabilnego metabolitu prostacykliny w mo6zgu szczura podczas 5 minutowe;j $mierci
klinicznej i do 2 godzin po resuscytacji. Ischemia nie powodowata zmian stezenia 6-keto-PGF,,
w mozgu. We wezesnym okresie po resuscytacji wystapit szybki i bardzo znaczny wzrost stezenia
6-keto-PGF,, w mozgu osiagajac w 5 i 15 minucie odpowiednio 8 i 7 razy wartosci kontrolne.
Nastepnie stezenie 6-keto-PGF,, w mozgu obnizylto si¢ osiagajac w 30 minucie poziom 3 razy
wyzszy od wartosci kontrolnych a w 60 i 120 minucie po resuscytacji ulegto normalizacji.
Przedyskutowano niektore przyczyny niepowodzen w wynikach leczenia prostacyklina niedo-
krwiennych chor6b moézgu.
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The study was performed on cerebral tissue resected during temporal lobectomy in
16 patients whose long-standing cryptogenic epilepsy did not submit to anticonvul-
sive drugs. Cases presenting definite etiological factors such as CNS trauma,
infection or neoplasm were excluded. Neuropathological investigations disclosed
microangiomas and focal vascular malformations in the meninges and tissue in
7 patients. Neuronal heterotopias in the white matter and of the white matter in the
cortex were observed in 3 cases. Main cortical changes were: neuronal loss, chronic
neuronal degeneration, perineuronal satellitosis, and GFAP-positive submeningeal
gliosis, especially at the bottom of sulci, perivascular gliosis and laminar or diffuse
gliosis. The changes in the hippocampus were most enhanced in the end-plate and in
the sector H3 of the pyramidal layer. Astrocytic gliosis in the white matter presented
distinct GFAP and S-100 immunostaining; the latter involved in some cases a wider
area than the GFAP reaction.

The above named changes are analysed with regard to the presumed epileptogenic
factors and to the postepileptic damage.

Key words: temporal lobectomy, epilepsy, neurons, gliosis.

The problem of idiopatic epilepsy engaged a good deal of attention,
especially devoted to the explanation of the morphological ground of temporal
epilepsy. Cases of spontaneous epilepsy raise the question whether mor-
phological alterations are the consequence or the cause of epileptic seizures,
a question probably impossible to answer. With the purpose of explaining
the origin of temporal epilepsy in a selected group of patients in whom
symptomatic epilepsy had been eliminated, we took an interest in patients
treated with temporal lobectomy. These patients suffered of long-standing
drug-resistant epileptic seizures.
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MATERIAL AND METHODS

Clinical data

The material under study was obtained from 11 male and 5 female patients.
Their age at the time of operation was 8 —50 years (mean 21.8) for men and
20—38 (mean 25.4) for women. At the outset of the first temporal seizure the
age of patients ranged from 4 months to 28 years (mean 10.3), whereas the
duration of the medically treated illness till surgical intervention was 3 —22
years. In the majority of cases the etiology of the epilepsy remained obscure;
perinatal traumas such as asphyxia, forceps delivery, premature delivery wére
established in 3 patients. Slight mechanical traumas were discovered in 2 cases,
twice in 2-year-old child and once in 28-year-old man with brief period of
unconsciousness. In one case meningitis in a 1-year-old baby preceded epilepsy
by 8 years. In the early period of the illness generalized maximal seizures were
observed in 11 patients, whereas simple partial and complex partial seizures
were not frequent and in only 4 cases associated with grand-mal. In this early
stage the number of all types of seizures could not be established, the number
reported by the patients was 1 —70 per year. At the time preceding lobectomy
only 7 patients complained of grand-mal but the fits increased in number as
well as increased the number of seizures of other types, so the patients
complained of 50-1000 seizures per year. Neurological examinations in
3 patients revealed some minor abnormalities but no definite neurological
symptoms, whereas psychological tests established emotional and intelectual
disturbances in 11 patients. Neuroradiological examination (Rtg, CT) showed
also some minor pathological changes without distinct relation to the etiology
of epilepsy (5 patients). EEG investigations demonstrated foci of slow waves or
foci of sharp waves or both types in all 16 patients. Applied pharmacological
treatment consisted of the following anticonvulsant drugs: Amizepam, Dip-
romal, Phenydantin, Luminal, Tegretol, Mizodin.

Right-side temporal lobectomy was performed in 9 patients, left-sided in 7.
The extent of lobectomy in all cases depended on the ECoG results at the
outset and during the operation and on the local conditions. Radical
lobectomy was performed in 10 cases, in 6 cases it covered the anterior part of
the temporal lobe. The majority (8 out of 10) of radical lobectomies was
performed in the right hemisphere, whereas resection of anterior parts was
done mainly ‘(5 out of 6) in the left lobe. Only in one case temporal lobe
resection did not comprise the hippocampus: in 8 cases the lobectomized tissue
included total or partial hippocampal structure, in 2 cases temporal lobectomy
comprised also the hippocampus and nucleus amygdalae. In 5 cases temporal
lobectomy including the hippocampus covered additionally (due to ECoG)
other epileptogenic areas (frontal parietal, parieto-occipital and occipital
cortex). Two of the patients had to be operated twice because of persistence of
epileptic seizures, one after 4 years, another after 10 months.

The cerebral surface was normal in 11 patients whereas in four widening of
temporal gyri was distinct; in 2 of them the medial temporal gyrus was twice
the normal size.

Opacity of leptomeninges over the temporal lobe was observed in 2 pa-
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tients, one of them presented additionally some cortical atrophy. A superficial
cyst involving the middle part of the temporal lobe and extending to the
parieto-occipital area was found in one case. Adhesions between dura mater
and leptomeninges were observed in 3 cases (twice in reoperated patients). The
appearance and consistence of the cerebral tissue removed during lobectomies
seemed altogether unchanged in nine out of 16 patients.

Neuropathological methods

Cerebral tissue obtained from 16 patients was fixed in formalin and
embedded in paraffin. The 10 p thick paraffin sections were stained routinely
with HE, Kliiver-Barrera method, some also with cresyl violet. Immunohis-
tochemical investigations were performed on mirror sections from the same
paraffin blocks. Antisera against protein S-100 and against glial fibrillary acidic
protein (GFAP) were obtained from Dacopatts (Copenhagen). The former was
used in 1:5000 solution with use the APAAP method, the latter in 1:500
solution by the ABC method.

RESULTS

In the temporal cortex and subcortical white matter of all 16 patients
pathological alterations were present. Most of them took the form of neuronal
changes and astrocytic gliosis. The cortex displayed most frequently neuronal
loss, dark neurons, chronic neuronal degeneration, sometimes combined with
perineuronal satellitosis. In all the cases the enhanced cortical GFAP-positive
subpial fibrous gliosis, in particular at the bottom of sulci (Fig. 1), perivascular
gliosis (Fig. 2) and gliosis either haphazardly disseminated or distributed in
some cortical layers (Figs 3, 4) were observed. GFAP-positive astrocytes were
also S-100 immunostained, but in some cases the area of S-100 astrocytic
immunoreactivity extended beyond the fields of GFAP-positive astrocytes and
involved the whole cortex. In two cases reactive astroglia did not show any
GFAP reaction in spite of marked S-100 reactivity.

In the white matter diffuse astrocytic gliosis of various intensity appeared
in 11 cases, whereas 3 cases presented only marked fibrous gliosis restricted to
the cortical-subcortical junction (Fig. 5). Similarly as in the cortex, perivascular
GFAP-positive gliosis was distinct and appeared in all cases and often was
most prominent around small lacunae (Fig. 6). As in the cortex, reactive
astrocytes showed both GFAP and S-100 immunostaining, the latter spreading
over a wider area in 4 cases (Figs 7, 8).

Discrete inflammatory changes such as mononuclear perivascular infilt-
rations in the meninges, cortex, and in the white matter, and the
glial-lymphocytic nodules were found in 2 cases. These changes remain obscure
in one case; others concern the patient reoperated after 10 months.

Vascular changes were found in 7 cases. They took the form of meningeal
microangiomas (Fig. 9) or microscopical size arterio-venous malformations in
the meninges and at the meningo-cerebral interface (Fig. 10). Abnormal arteries
with thick hyalinized walls in the cortex and white matter were found in
a 50-year-old man with 22 years long history of epilepsy.
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Fig. 1. Temporal cortex. Submeningeal GFAP-positive fibrous gliosis at bottom of sulcus. x 100
Fig. 2. Temporal cortex. GFAP-positive perivascular astrocytic gliosis. x 100
Fig. 3. GFAP-positive astrocytic gliosis, mostly in II cortical layer. x 60
Fig. 4. GFAP-positive fibrous gliosis spread from submeningeal region to deeper cortical layers.
x 100

Distinct developmental abnormalities of brain tissue appeared in the case of
abortive microgyria in the abnormally wide middle temporal gyrus, associated
with white matter heterotopia in the cortex (Fig. 11) and neuronal dystopias in
the cortical layers II and III (Fig. 12). In other two cases heterotopias of small
groups of neurons occurred in the white matter, but in a 24-year-old patient
suffering of temporal epilepsy for 4 years they coexisted with persisting matrix

cells.
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Fig. 5. Cortico-subcortical border. GFAP-positive astrogliosis. x 60
Fig. 6. White matter. GFAP-positive gliosis around perivascular lacuna. x 100
Fig. 7. White matter. Low GFAP-positive reaction. x 180
Fig. 8. White matter. Distinct S-100 protein reaction. x 200

The hippocampus was examined in 9 patents, but fragments of all
hippocampal structures were available in 5 cases only, in 3 specimens preserved
were only some fragments of gyrus dentatus including the hilus and in another
one — some parts of the subiculum and gyrus dentatus.

The density of neurons in the hippocampal pyramidal cell layer was either
decreased or the neurons revealed neuronal degeneration of chronic type (Fig.
13). In sector H1 and hilus (Fig. 14) beside dark, shrunken neurons, swollen
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Fig. 9. Angioma in leptomeninges. HE. x 250
Fig. 10. Cortico-meningeal vascular malformation. HE. x 120
Fig. 11. Focal white matter heterotopia in temporal cortex. Kliver—Barrera. x 50
Fig. 12. Cortical layers disturbances. Fibrosis of arachnoidea. HE. x 120
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Fig. 13. Hippocampus. Neuronal loss and chronic degeneration of pyramidal neurons in H1 sector.

HE. x 120

Fig. 14. Hippocampus. Chronic degeneration, swelling and vacuolization of hilar neurons.
HE. x 90

Fig. 15. Hippocampus. Segmental loss of granular cells, neuronal chronic degeneration in hilus.
HE. x 90

Fig. 16. Hippocampus. Diffuse GFAP-positive astrocytic gliosis in hilus. HE. x 200

4 — Neuropatologia Polska 2/92

http://rcin.org.pl



140 H. Kroh et al.

nerve cells against the background of edematous perenchyma were: seen.
Cellular rarefaction and dark neurons were also visible in some segments of the
granular cell layer of gyrus dentatus (Fig. 15). GFAP-positive fibrous gliosis
was restricted selectively to the whole hilus of the dentate gyrus including the
H3 sector of the pyramidal layer (Fig. 16). In other parts of the hippocampus
gliosis was observed in the alveus, s. lacunosum-moleculare and once in s.
infrapyramidale. In the H1 sector of s. pyramidale the GFAP reaction was
almost negative (Fig. 17). S-100 protein immunostaining was enhanced in this
sector only twice. Besides, enhanced diffuse GFAP-positive gliosis was present
in the neighboring periventricular white matter in 5 cases.

AL

Fig. 17. Hippocampus. Trace of GFAP reaction in pyramidal cell layer in H1 sector. x 120
Fig. 18. Nucleus amygdalae. Distinct GFAP-positive astrocytic gliosis. x 120

Fragments of nucleus amygdalae were found in 2 specimens. N. amygdalae
showed all types of alterations as neuronal loss, chronic neuronal changes,
neuronal swelling and cytoplasmic vacuolization. Nerve cell abnormalities
were associated with perineuronal satellitosis and diffuse cellular gliosis which
;; one case was represented by strongly GFAP-positive, astrocytic hypertrophy

ig. 18).
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DISCUSSION

Our results reveal two types of pathological changes which can be the
primary cause of abnormal stimuli releasing epileptic seizures. These are
vascular changes (7 cases) and maldevelopment of the nerve tissue of temporal
lobes (4 cases). Both kinds of focal lesions were seldom reported in the
literature as a cause of long-year standing, drug-resistant epileptic seizures. In
a large collection of lobectomized patients both lesions amounted to 10% and
7%, respectively, whereas the preponderance of neoplastic changes (55%) in
the temporal lobe has been striking (Plate et al. 1990). According to Cavanagh
and Meyer (1956), one third of their lobectomy material showed focal
abnormalities. Similar data are reported by other authors (Sager, Oxbury
1987). By initial elimination of the patients suspected of symptomatic epilepsy,
our material became enriched in a large number of developmental changes. The
vascular changes in meninges and at the meningo-cerebral interface consist
mainly of microangiomas and small vascular malformations diagnosed neither
clinically nor during lobectomy. The vascular changes together with macro-
and micro-heterotopias support the opinion of Alzheimer and Vogt (1907) of
maldevelopmental alterations being the ground of epilepsy. However, such
observations do not explain late epilepsy in patients with congenital changes
characterized by a low degree of evolution (neuronal dystopias).

So far as vascular malformation can be directly responsible for initiation of
epileptic focus, the epileptogenic mechanism originating in irregular synaptic
terminals between ectopic neurons and regular neurons is unknown. Complex
or separate vascular and ectopic malformations have been found in more than
half of the examined patients (9) what seems to corroborate Penfield’s opinion
(1956) about participation of expansive lesions in psychomotor epilepsies. Also
studies of Gastaut et al. (1959) presented in autopsy material numerous
vascular and atrophic changes underlying temporal lobe epilepsy. Six of our
patients did not reveal such obvious changes. We believe their lack can depend
to some extent on the surgical procedure or on the way of collecting the tissue
for histological processing.

Changes in the cortex of the temporal lobe, in the hippocampus and in the
white matter were observed in all patients. Predominated edematous changes
of vasogenic origin appearing as perivascular lacunae in white matter and pale
myelin accompanied by GFAP-positive fibrous gliosis perivascularly, at the
cortico-subcortical border and submeningeal gliosis most intensive at the
bottom of sulci. Submeningeal gliosis in sclerosis of Ammon’s horn has been
well established before (Cavanagh, Meyer 1956). The localization of astrocytic
reaction points to the involvement of borderline zones of terminal vas-
cularization. S-100 protein-positive gliosis overlapped the range of GFAP
reaction in particular in the white matter, but sometimes appeared separately.
This observation endorses the opinion that white matter contains more S-100
protein than gray matter (Moore, Perez 1968). In our material the
GFAP-positive perivascular reaction occurred most frequently associated with
S-100 protein-labeled astrocytes which extended over a wider zone than the
GFAP reaction and this phenomenon was reported around the neoplasms by
other authors who suspected production of both proteins as being evoked by
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different stimuli (Kimura et al. 1986). The enhanced production of protein
S-100 in astrocytes takes place during their hyperplasia and proliferation in
response to removal of breakdown products in experimental conditions, its
peak between week 2-6 of the process, its resolution together with cessation of
an early reaction (Cicero et al. 1970). The intense reaction in our material can
indicate a recurrent process. Besides, in an intense glial response in the white
matter one can not exclude participation of oligodendroglia, which in normal
conditions also contains protein S-100 (Kahn et al. 1983). Some authors
express the opinion that intracellular GFAP is attributed mainly to the
processes, whereas S-100 to the perikarya and possibly — nuclei (Boyes et al.
1986).

Cortical changes are restricted to irregular neuronal loss in various cortical
layers, appearance of dark neurons and neurons with chronic changes
intermingled with normal ones. Apart from doubts as to the character of dark
neurons (Mouritzen Dam 1979), some authors report that in experimental
conditions after 1 h of status epilepticus the majority of dark neurons become
normal and only some survive in such a state or degenerate during the next few
hours in the cortex and in the hippocampal sectors CA1 and CA3, without glial
reaction (Ingvar et al. 1988). In contrast to the moderate cortical changes in the
temporal lobe, the cellular changes and loss of neurons in the nucleus
amygdalae and hippocampus were striking in spite of the difficulties in
evaluation of fragmented structures. They consisted of diminished neuronal
density and chronic neuronal changes of pyramidal neurons in the H1 sector,
loss of hilar neurons and segmental loss of granular cells. These lesions of
various intensity occurred in all examined cases. It was reported that neuronal
loss in the hippocampus correlates with low density of neurons in particular
sectors in the order: H3, H1, H1-2 and H2 (Mouritzen Dam 1979, 1980). The
neuronal loss in each sector of the pyramidal cell layer can reach in temporal
epilepsy up to 50% of neurons in control human material (Kim et al. 1990).

In our material the lesions in the pyramidal cell layer were accompanied by
gliosis in s. lacunosum-moleculare and associated with neuronal loss in the hilus
with GFAP-positive fibrous gliosis, as already observed in the Mongolian
gerbil after short experimental ischemia (Gadamski, Kroh 1992). The sensibility
of H1 sector and resistance of H2 sector neurons to the injury is generally
accepted (Mouritzen Dam 1990). Other sectors reveal irregular loss of neurons
up to 50% in the H3 sector (end-folium) in which cellular density is lowest. If
sector H1 is affected there are always changes in other sectors of this layer
(Mouritzen Dam 1980, 1988).

The most striking observation in our material is the lack of glial reaction in
the impaired H1 sector. We have observed a similar phenomenon in ex-
perimental ischemia in the Mongolian gerbil (Gadamski, Kroh 1991, 1992). We
believe that the hippocampal sector H1 contains very few astrocytes, this being
an explanation for the ready vulnerability of this field to all kinds of injury.

On the basis of hippocampal changes a lack of relationship was established
between the rate of neuronal loss and the duration of the illness (Kim et al.
1990). However, there exists a correlation between the loss of neurons in H1
and H1-2 sectors and the duration of illness characterized by frequent
clonic-tonic seizures, contrary to the lack of any pattern of changes with
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partial seizures (Mouritzen Dam 1980, 1988). Of some significance is the age of
the patient, because there exists a relation between neuronal loss in H1, in the
end-folium and granular cell layer and seizures in children who suffer of
convulsions before the 3rd year of life (Sager, Oxbury 1988). The pattern of
changes in our patients suffering of partial seizures evolving to tonic-clonic
convulsions does not allow such conclusions.

Many authors found Ammon’s horn sclerosis in autopsy material in
psychiatric patients without epileptic seizures, and that the changes in
Ammon’s horn are more frequent in non-epileptic (41%) than in epileptic
patients with grand-mal (20.5%), (Morel, Wildi 1954; Cavanagh, Meyer 1956).
In our material Ammon’s horn was not spared in cases with focal lesions in the
temporal lobe, as reported by Cavanagh and Meyer (1956). Gastaut et al.
(1959) concluded from their autopsy material that damage to Ammon’s horn in
temporal epilepsy patients is not a constant lesion but rather “not obligatory”
and unfrequent and the mechanism of the damage to Ammon’s horn is the
same as for other parts of the temporal lobe in psychomotor epilepsy. The
authors consider injury of the temporal lobe including Ammon’s horn, as being
most probably of ischemic origin, and as the cause and not the consequence of
the seizures.

Experimental studies on brief ischemia with various survival time in gerbils
(Gadamski, Kroh 1991, 1992) point to uni- or bilateral injury of the
hippocampus, in particular of the CAl sector, hilus and gyrus dentatus,
accompanied by fibrous gliosis analogical to that found in patients with
temporal psychomotor epilepsy. Albeit comparison of both conditions: human
epileptogenic and experimental ischemic is doubtful, we are inclined to favor
the fundamental theory of Spielmeyer (1927) concerning a vasogenic origin of
hippocampal changes evoked by epileptic seizures triggered by temporal foci
(malformations, ectopias), by perinatal injures (Earle et at. 1953), or by the
other processes like febrile convulsions in children. The exact pathogenesis of
neuronal death and hippocampal gliosis is not clear and all theories of delayed
neuronal death (Kirino 1982), excitotoxic stimulation of receptors (Olney et al.
1983; Rothman, Olney 1987) or excessive intracellular influx of Ca?* with
membrane depolarization (Meldrum 1987) can only indicate particular stages
of superimposed events of a long-lasting process in the brain, conditioned
additionally by tissue maturity and medical treatment.

ZMIANY NEUROPATOLOGICZNE W RESEKOWANYM PLACIE SKRONIOWYM
PACJENTOW Z SAMOISTNA PADACZKA SKRONIOWA

Streszczenie

Badania oparto na materiale pobranym w trakcie lobektomii skroniowej wykonanej w celu
terapeutycznym u 16 pacjentow, u ktorych wieloletnie napady skroniowe i uogélnione nie
poddawaly si¢ leczeniu zachowawczemu. U pacjentow tych wykluczono uprzednio urazy, choroby
zapalne lub nowotworowe moézgu. Badaniem neuropatologicznym stwierdzono w 7 przypadkach
mikronaczyniaki i malformacje naczyniowe w oponach migkkich i w tkance mézgu nie wykrywal-
ne makroskopowo. Heterotopie neuronalne w istocie bialej i istoty bialej w korze obserwowano
w 3 przypadkach. Gtéwne zmiany korowe to ubytki neuronalne i schorzenia typu przewleklego,
satelitoza perineuronalna i GFAP-dodatnia glejoza podoponowa zwlaszcza na dnie rowkow,
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okolonaczyniowa, warstwowa lub rozlana. W hipokampie zmiany te byly wybitnie nasilone
szczegolnie w plytce koncowej i polu H3. W istocie bialej wystepowata glejoza astrocytarna
z zywym odczynem immunohistochemicznym GFAP i odczynem S-100, ktéory w pewnych
przypadkach byt bardziej rozlegly niz odczyn GFAP. Przedstawione zmiany przeanalizowano pod
katem przypuszczalnych przyczyn padaczki i uszkodzen ponapadowych moézgu.
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INFLUENCE OF AGING ON THE PROTEIN PROFILE OF
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Myelin proteins composition was examined in material of 20 autoptic cases at ages
from 20 to 97 years. The technique of polyacrylamide gel electrophoresis and
isotachophoresis was applied. In polyacrylamide gel electrophoresis a progressive
increase starting at the age of 60 years of Wolfgram protein at the expense of
Folch-Lees proteolipid protein and DM-20 protein was observed. The mye-
lin-associated protein started to increase in the 4 and 5" decade of life, returning
therafter to values observed in younger cases. The isotachophoretic technique did
not differentiate the changes observed in myelin protein in the course of aging.

Key words: myelin, proteins, aging.

Myelin isolated from senile human brain differs from that of younger
subjects in the density of its vesicles (Berlet et al. 1982; Niebroj-Dobosz et al.
1988). It is suggested that the greater heterogeneity of myelin vesicles in old age
is the. consequence of physicochemical changes in the human brain which
appear with age (Berlet et al. 1982). Some contribution to the observed
heterogeneity of myelin vesicles in senile subjects may come from lipid changes
(Fillerup, Mead 1967; Rouser, Yamamoto 1969; Sun, Samorajski 1972;
Niebroj-Dobosz et al. 1986, 1989; Wender et al. 1987). Less is known on the
possible influence of aging on the protein composition of human brain myelin.

The aim of this study was to determine if proteins are changed in content
and composition in aged human brain myelin, and if so, if they may be
responsible, partly at least, for the greater heterogeneity of myelin vesicles in
senile subjects.

MATERIAL AND METHODS
The material consisted of 20 cases aged from 20 to 97 years. There was no

clinical and autopsy evidence of central nervous system involvement of the
hemispheres taken for further examination. The diagnosis were: thrombosis a.

* Study supported by School of Medicine in Warsaw (Grant No. 1B/32)
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cerebri med., embolia a. cerebri med., stenosis a. carotis morbus neoplasmaticus,
morbus Parkinsoni. In all cases autopsy was performed within 24 hours after
death. For histological examination white matter specimens were forma-
lin-fixed and paraffin-embedded. Sections of the frontal pole in the “healthy”
hemisphere were stained with hematoxylin-eosin and Kliiver-Barrera method.
For biochemical analyses white matter was frozen and preserved at —25°C
during 7 to 14 days. The material was weighed and white matter dry weight
was determined in the conventional gravimetric way. Myelin was separated by
the method of Norton and Poduslo (1973), as modified by Zgorzalewicz et al.
(1974). In the discontinuous sucrose gradient 0.75 M instead of 0.85 M sucrose
was used. The isolated myelin was homogenized and total protein content was
estimated according to Lowry et al. (1951) after its delipidation in a mixture of
ether: alcohol (3:2 v/v) as described by Greenfield et al. (1971). Polyacrylamide
gel electrophoresis was run according to Wachneldt and Neuhoff (1974). The
concentration of the gel was 12 percent, each lane was loaded with 100 pg of
protein. The separated proteins were stained with Coomassie Brilliant Blue
R-250. After destaining the gels were scanned with a ISCO Gel Scanner (Model
1310) and Absorbance Monitor (Model UA-5). Molecular weights of the
particular protein bands were estimated by comparing their mobilities to
those of Sigma protein standards. The protein composition of the isolated
myelin was also assessed by analytical isotachophoresis (Delmotte 1977). LKB
Tachophor 2127 with UV and thermal detectors was used. The teflon capillary
tubing was 23 cm long (0.5 mm I[D. and was thermostated at 12°C.
Absorbance was registered with a LKB 2-channel recorder, type 2210. As
amino acid spacers beta-alanine, glycine and valine were used. The densitomet-
ric tracings of the Coomassie Blue stained gels and the UV-absorbing peaks in
isotachophoresis were integrated by an image analyses system (Mini-Mop
M 1100, Opton).

Statistical analyses. The dependence of the proteins content versus the age
of the subjects was tested by regression analysis.

RESULTS

The protein content of the white matter was comparable in all subjects
between the age of 20 to 97 years. The values were 4.8+ 1.1 mg per 1 g of white
matter. Changes were, however, observed in the protein pattern resolved by
polyacrylamide gel electrophoresis. A representative densitometric tracing of
myelin proteins in a young and senile subject is presented in Fig. 1. Among the
protein fractions a progressive increase of the myelin-associated glycoprotein
(MAG) in the 4" and 5™ decade of life was observed. After the 7 decade the
content of MAG started to decline, in senile subjects values observed at ages
below 40 years of life were present (Fig. 2). Wolfgram protein started to
increase between the 6" and 7'* decade of life (Fig. 3). The correlation between
the age of the subjects and the content of Wolfgram protein was significant
(P < 0.001) Folch-Lees proteolipid protein (Fig. 4) and DM-20 protein (Fig. 5)
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Fig. 2. Myelin glycoprotein content (in percent) versus the age of the subjects

declined at the time when Wolfgram protein started to increase. The latter
changes were also age-dependent (P < 0.001). Using, however, the capillary
isotachophoretic technique separating proteins according to their isoelectric
points, no dependence between the protein pattern of brain myelin and the age
of the subjects was found. A representative tracing of myelin proteins in
a 20-year-old subject is presented (Fig. 6).
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Fig. 3. Regression analysis of Wolfgram protein content versus the age of the subjects

Fig. 4. Regression analysis of Folch-Lees protein content versus the age of the subjects
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DISCUSSION

Several anatomical and biochemical changes accompany the aging process
of the central nervous system. Atrophy of the white matter usually starts above
the age of 70 years. The yield of isolated myelin declines with age (Berlet, Volk
1980; Berlet et al. 1982; Niebroj-Dobosz et al. 1986, 1988), there are alterations
in the proportion of the particular myelin fractions (Berlet et al. 1982;
Niebroj-Dobosz et al. 1986, 1988) and also in their lipid composition (Fillerup,
Mead 1967; Rouser, Yamamoto 1969; Sun, Samorajski 1972; Niebroj-Dobosz
et al. 1986, 1989; Wender et al. 1987). Only few data regarding the protein
content in human brain myelin in aging have been published so far. The total
protein content is similar in a 50-year-old subject and older ones between 72
and 95-years, but some changes in protein composition are observed (Berlet et
al. 1982). In experimental conditions small deviations in myelin proteins in
aged rat brain are also presented (Wender et al. 1990). There are more striking
alterations in myelin protein composition during the maturation period (Eng et
al. 1986; Zgorzalewicz et al. 1974).

In the presented report the lack of total protein changes in human brain
myelin with aging was confirmed. Contrary to the above mentioned studies,
however, the protein composition alterations were more pronounced especially
after the age of 60 years. The significance of the observed changes in the course
of aging is very difficult to assess. It is known that Wolfgram protein is an
integral part of the myelin sheath. It is thought also that this protein has
a special transitory function during the formation of compact myelin from
oligodendroglial plasma membranes (Wachneldt, Neuhoff 1974). Wolfgram
protein is possibly a part of the myelin-like fraction, predominating over other
proteins (Agrawal et al. 1970). On the other hand, the myelin-like fraction
predominates over the other myelin fractions in senile subjects (Nie-
broj-Dobosz et al. 1986, 1988). The higher proportion of Wolfgram protein in
mylein of senile cases could be therefore, expected. It should also be stressed
that the appearance of a higher Wolfgram protein content in senile subjects
may be the consequence, at least partly, of atrophy and axonal degeneration of
nerve cells and their processes. In the course of Wallerian degeneration the
Wolfgram protein content is known to increase (Galas-Zgorzalewicz et al.
1982). The physiological role of the Folch-Lees proteolipid protein and DM-20
protein is not clear yet. It is only known that both proteins are affected in
hypoxia (Wender et al. 1989, 1990). Whatever the role of the above mentioned
proteins, they have a common feature. They serve primarily as a framework
around which the remaining myelin proteins and also lipids can condense to
form the rather stable myelin membrane. When compared with the lipids
pattern in the myelin sheath in the course of aging (Niebroj-Dobosz et al. 1989),
myelin proteins appear as more stable components. It may be connected with
the fact that the behaviour of lipids in the myelin sheath is influenced not only
by oligodendrocytes, but also by astrocytes (Nakano et al. 1990). The reactivity
of the latter declines in senile subjects (Rafalowska et al. 1991) but increases in
the remyelination (Goncerzewicz 1988) and myelination processes (Rafalowska,
Krajewski 1991).



Myelin proteins in aging 153

WPLYW INWOLUCIJI
NA SKLAD BIALEK MIELINY ISTOTY BIALEJ] MOZGU

Streszczenic

Badaunia przeprowadzono na materiale autopsyjnym chorych zmartych w wieku 20 do 97 lat.

Zastosowano technike rozdziatu bialek mieliny w'zelu poliakrylamidowym i isotachoforetycznie.
W wyniku przeprowadzonych badan stwierdzono stopniowy wzrost zawartosci biatka Wolfgrama
na niekorzys¢ proteolipidu Folch-Lees i biatka DM-20. Zmiany te pojawily si¢ okoto 60 roku zycia

i narastaly stopniowo w sposob znamienny. Szczyt zawartosci glikoproteidu zwiazanego z mieling .
przypada migdzy 40 a 50 rokiem zycia. Badania bialek mieliny oparte na ich rozdziale
uzaleznionym od punktu izoelektrycznego nie roznicowaly mieliny pochodzacej od osobnikow
miodszych i starszych.
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The aim of our study was to ascertain whether granular cell degeneration represents
uniquely an artifactual or a supravital event in patients with oat cell carcinoma. The
material includes 52 cases of small cell lung cancer (SCLC). Formalin fixed and
paraffin embedded representative cerebellar slides were stained routinely (HE,
Kliiver-Barrera), and some of them served as material for immunohistochemical
study. The following antibodies were used: anti-ferritin, anti-GFAP, anti-IgG and
anti-C3 complement fraction. Finally 5 cases out of our material could be diagnosed
as paraneoplastic cerebellar degeneration (PCD), on the basis of lack of metastases
within the CNS and concomitant intensive loss of Purkinje and granule cells.
Clinically the cerebellar syndrome was disclosed in 3 cases. In the granular layer
prevalence of microglial cell reaction was noted. GFAP-labeled astroglia were not
demonstrated in the same intensity. Antisera to the C3 complement fraction showed
moderate staining of Purkinje cell cytoplasm and in some cases also of granule cells.
IgG immunostaining was disclosed in Purkinje cell cytoplasm and in 4 cases also in
granule cell nuclei. The immunopathological changes presently observed and glial
cell proliferation could be evidence for a nonartifactual origin of PCD.

Key words: small cell lung cancer, paraneoplastic cerebellopathy, immunohistochemistry.

Cerebellopathy is known to occur in various pathological conditions such
as alcoholic encephalopathy, side effect of drug treatment, nutritional and
metabolic deficiencies or chronic vascular diseases. The peculiar sensitivity of
cerebellar cortex to different factors including endo- and exotoxins, anoxia or
hypoglycemia, gave reason to believe that atrophy of the cerebellar cortex is
almost nonspecific (Wessel et al. 1988).

Degeneration of the cerebellar cortex in patients with internal malignant
neoplasms represents one of paraneoplastic syndromes (Henson, Urich 1982:
Laure-Kamionowska 1990). Most often it accompanies lung, breast and ovarian
carcinoma. Paraneoplastic cerebellar degeneration (PCD), regardless if presen-
ting -purely degenerative or inflammatory type lesions, affects predominantly
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Purkinje cells (Henson, Urich 1982). Only in some cases Purkinje cell loss was
accompanied by a marked reduction of granule cells. Cases showing damage
confined to the granular layer exclusively were reported sporadically (Leigh,
Meyer 1949; Morton et al. 1966) and this type of damage was rather ascribed
to acute lysis occurring as terminal event (Mc Donald 1961; Steven et al. 1982).

The aim of our study was to establish whether granule cell degeneration in
patients with lung carcinoma represents an uniquely artifactual or a supravital
event. To exclude its artifactual origin, an immunohistochemical study was
undertaken with special emphasis focused on the glial cell reaction. Prolifera-
tion of glia within atrophied cerebellar tissue is believed to be an obvious
argument for an in vivo lesion. The material under consideration includes 52
cases with small cell lung cancer (SCLC) and is representative for elucidation of
this problem.

MATERIAL AND METHODS

Fifty two cases with small cell lung cancer died in the Institute of
Tuberculosis and Chest Diseases in Warsaw during 5 years (1986 — 1990), were
the subject of our study. The material consisted of 20 women and 32 men aged
35—69 (mean age 56.8 years). All patients were assessed neurologically at the
beginning of the disease, before starting therapy, and some of them also in the
end period of life. All patients were treated with various regimes of chemo- and
- radiotherapy.

Clinically, the cerebellar syndrome was disclosed in 3 cases, but in one of
them obviously caused by metastasis. However, clinical data were not always
reliable, because not all patients were examined in the terminal stage of the
disease.

In all cases routine neuropathological examination of the central (CNS) and
peripheral nervous system (PNS) was performed. From each case cerebellar
hemisphere, vermis and nucleus dentatus were routinely taken for micros-
copical study.

Formalin fixed and paraffin embedded slicedes were stained with HE and
Kliiver-Barrera method, and silver impregnated according to Yamamoto et al.
(1986) modification of Bielschowsky method. After examination based on
routine stainings 10 selected cases (5 with PCD and 5 without any sings of
granular cell layer atrophy) constituted material for immunohistochemical
study. The following antibodies were used; anti-ferritin (Sigma) and anti-GFAP
(DAKO), as specific markers for microglia and astroglia, respectively, and
antibodies against IgG (DAKO) and C3 complement fraction (Sigma). Im-
munocytochemistry was applied to paraffin sections using the extravi-
din-biotin-peroxidase complex method (reagents from Amersham and Sigma)
and diaminobenzidine (Sigma) as chromogen. The sections were counterstained
with hematoxylin.

RESULTS

Granule cell loss was found in 10 cases. In all of them distinct atrophy of
Purkinje cells was also encountered. No signs of inflammation were disclosed
in any of the cases studied. The intensity of granule cell atrophy varied: in
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4 cases it was severe; in 2 cases moderate, and in 4 cases slight. In the cases with
severe granular layer atrophy the loss of granule cells involved cerebellar folia
uniformly (Fig. 1). In 4 cases with less intense and in 2 cases with moderate
damage was rather confined to the vermis and a focal pattern of lesions was
found. In some cases in the same cerebellar hemisphere patchy lesions were
observed and closely to the cerebellar folia with well preserved granule cells,
folia with marked reduction of granule cells were seen. Only in one case (22/89)
was marked degeneration of dentate nuclei with demyelination of dentate hili
found.

: e Q ‘a‘ e
1 ; g o " 3 k P al
Fig. 1. PCD case. Severe granular cell layer atrophy with concomitant loss of Purkinje cells.
HE, x 400

Table 1. Results of neuropathological and immunohistochemical examinationin PCD
cases from examined material

No of Age Sex Cerebellar Gr:exlnlu » P;agsgl FO - (t:'o;
e s ko loss Pc Gce Pe < Ge
4
102/87 64 F + (Hemisph) 0 0 + 0
++
18/88 57 M ++ (Vermis) + + + +
+
62/88 63 F + (Vermis) ++ + Hri -+ 0
+++
22/89 68 M 0 (Hemisph) + +++ + 0
-+
18/90 49 M 0 (Hemisph) + 0 + 0

Explanations: F-female, M-male, Hemisph — hemispheres, + — slight,
++ — moderate, + + + — severe, Pc — Purkinje cells, Gc — granular cells
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In 3 cases with cerebellar damage metastatic foci within the cerebellum
were noted. In another case metastatic lesions were found in other CNS
structures. One case showed a minute metastatic focus in the pons. Only me
case among ten schowing cerebellar damage revealed morphological changesof
the CNS which could have been attributed to radiotherapy.

The results of neuropathological and immunohistochemical examination of
selected cases are presented in Table 1.

Antisera to the C3 complement fraction showed moderate staining of
Purkmje cell cytoplasm (Fig. 2) and in some cases also of granule cells (F1g 3)

: s .’- ', "‘“ _..J ’ v
b ; ; o LA S o v
L4 Plw i ind &ﬁg‘r .m SRR
Fig. 2. PCD case. Purkmje oells posmve for anti-C3 complement fraction. x 200
"Fig. 3. The same case. Granular cells labeled by anti-C3 complement antibody. x 400
Fig. 4. PCD case. Immunohistochemistry with anti-IgG. Purkinje cells are decorated. x 100
Fig. 5. PCD case. Anti-IgG serum. Weak staining within Purkinje cells cytoplasm. x 20

Fig. 6. PCD case. Some of granular cells are also positive with anti-IgG antibody. x 4)0

http://rcin.org.pl
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IgG immunostaining was disclosed in Purkinje cell cytoplasm (Figs. 4, 5) and
in 4 cases also on granule cell nuclei (Fig. 6).

Immunohistochemical studies showed glial cell proliferation mainly in
white matter in the cases with granular layer atrophy. To some extent
involvement of the molecular layer was also observed. Gliosis in the Purkinje
cell layer seemed to parallel the extent of neuronal atrophy. In the granular
layer prevalence of microglia cells was noted (Figs 7, 8). In cases with granular
layer damage numerous ferritin-positive cells were seen within the affected

»,

Py o
o

of molecular layer. x 200
Fig. 8. PCD case. Ferritin-positive microglial cells within granular layer. x 400

Fig. 9. PCD case. Anti-GFAP staining. Astroglial cell proliferation visible only within molecular
layer. x 200

. Fig. 10. GFAP-positive astroglial cells in cerebellar white matter in PCD case. x 200
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tissue. Some microglial cells, however, showed regressive changes, and in some
cases a network of delicate, fragmented ferritin-positive fibers was observed.
GFAP labeled astroglia was rather scanty. Usually only a few GFAP-positive
cells were visible within the granular cell layer, irrespective of the degree of
tissue damage (Figs 9, 10).

DISCUSSION

Metastatic foci in the cerebellum were found in 18 cases, without any signs
of accompanying granule cell layer damage or any other cerebellar pathology.
From among the 52 cases with SCLC examined, finally five could be diagnosed
as PCD, on the basis of lack of metastases within the CNS, and concomitant
loss of Purkinje and granule cells. The changes were either focal or diffuse.
Severe, diffuse granular layer degeneration was observed in one PCD case only.
No features of prominent glial proliferation within the granular layer were
demonstrated in our cases, similarly as in some previously reported (Bertrand,
Godet Guillain 1942; Leigh, Meyer 1949; Osetowska 1963). Glial cell prolifera-
tion should be anticipated in cases with chronic cerebellar dysfunction and the
cases without glial proliferation might represent recent cerebellar degeneration.
However, generally, the absence of the glial cell reaction and lack of clinical
cerebellar signs, inclined rather to conclude that the cerebellar damage
occurred in the terminal phase of the disease, evoked or aggravated by such
additional factors as anoxia/ischemia (Leigh, Meyer 1949; Mc Donald 1961;
Wessel et al. 1988). In our cases intensive gliosis (astroglial and microglia as
well) has been seen mainly in cerebellar white matter probably reflecting
a secondary response of the glia to Purkinje cell neurites degeneration. It is of
interest, that in some cases cerebellar cortical damage was more marked within
the vermis, than in the cerebellar hemispheres. Torvik et al. (1986) and Koller et
al. (1981) observed a similar distribution of cerebellar cellular atrophy in the
aging process. However, similar prevalence of changes within brains of patients
with SCLC and other neoplastic pathology was also noticed previously
(Meyer, Foley 1953). Severe degeneration of the granular layer was only
sporadically encountered in our study what seems to be uncommon. According
to Schmid and Riede (1974) is granular cell atrophy characteristic for cortical
cerebellar degeneration in SCLC contrary to the loss of Purkinje cells, typical
rather for ovarian carcinoma (Steven et al. 1982; Greenlee, Brashear 1983).

The highest incidence of PCD previously reported was 5.1%, being
observed in series of patients with bronchogenic carcinoma (Morton et al.
1966). According to Brain and Wilkinson (1965) the period of time between
discovery of the tumor and development of cerebellar symptoms ranged from
3 months to 2 years, if that is the order of events. However, when neurological
symptoms precede those of the tumor, the interval between the two events is
from 2 months to 3 years.

The pathogenesis of PCD remains unclear, but detection of circulating
antineuronal antibodies directed against Purkinje cells strongly support the
role of the autoimmune process (Kearsley et al. 1985; Cunningham et al. 1986;
Greenlee et al. 1983, 1986; Tanaka et al. 1986, 1987; Hammack et al. 1990).
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Sera from patients with SCLC produced nuclear and cytoplasmic staining of
neurons throughout the CNS. In the cytoplasm of Purkinje cells antibodies
were found bounded to clusters of ribosomes, rough endoplasmic reticulum
and the Golgi compartments complex (Rodriguez et al. 1988). However,
anti-Purkinje cell antibodies are specific rather for SCLC, but not for
paraneoplastic neurological disorders (Grisold et al. 1989). It is of interest
that plasmapheresis reduced the level of the autoantibodies in the serum,
without affecting their level in the cerebrospinal fluid (CSF). These data
indicate that autoantibodies in PCD may be produced in the CNS (Furneaux
et al. 1990). The demonstration that IgG can be picked up by nerve endings
and transported to the cell perikaryon provided a potential means whereby an
antibody could reach and damage an intracerebellar neuronal structure
(Borges et al. 1985; Smith et al. 1988). We had no opportunity to study
anti-Purkinje cell antibodies in serum or CSF. However, post mortem, we did
observe altered immunoreactivity of the nervous tissue, suggesting the par-
ticipation of humoral immunity in the development of cerebellar damage. In
our PCD cases we noted IgG deposits and C3 complement fraction in
numerous Purkinje cells and also those of the granular layer.

Therefore, although the presence of IgG in the cell cytoplasm may no have
necessarily pathological consequences (Dhib-Jalbut, Liwnicz 1986), we would
like to underline that in the non PCD cases examined we have found
remarkably weaker immunostaining with IgG and the complement fractions.
According to the suggestion of Kamolvarin et al. (1991), the plasma C3 level
may be useful for differentiating immune from non-immune neurological
diseases. Evidence for IgG and the C3 fraction of complement expression
within degenerating cerebellar cells seems to be promising for elucidation of the
pathomechanism of PCD. Even so, and even without the possibility of
detecting the specific antibody, serum and/or CSF, IgG and complement
fractions level could be an early exponent for the occurrence of SCLC in cases
with cerebellar signs. The question whether PCD seems to be the effect of
autoaggression, as the result of presence of malignancy, or is caused by other
factors, such as hypoxia, cachexia or autolytic post mortem changes is still
open and requires further investigations. The immunopathological changes
presently observed and glial cell proliferation could be an evidence for the non
artifactual origin of PCD.

ZWYRODNIENIE WARSTWY ZIARNISTE] MOZDZKU W PRZEBIEGU
RAKA OWSIANOKOMORKOWEGO:
ZESPOL. PARANOWOTWOROWY CZY ARTEFAKT?

Streszczenie

Celem pracy byla proba wyjasnienia, czy zanik warstwy ziarnistej moézdzku w przebiegu raka
owsianokomorkowego jest artefaktem, czy charakterystycznym objawem dla tego nowotworu.

Oceniono moézgi 52 chorych, zmartych w przebiegu raka drobnokomdrkowego ptuc. Utrwalo-
ne w formalinie i zatopione w parafinic skrawki najpierw barwiono rutynowo (HE,
Kliver-Barrera), a nastgpnie w wybranych 10 przypadkach wykonano badanie immunohis-
tochemiczne. Uzyto nastgpujace przeciwciata: przeciw ferrytynie, GFAP, IgG i frakcji C3
dopelniacza. Ostatecznie w 5 przypadkach rozpoznano paranowotworowe zwyrodnienie mézdzku.
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Trzech chorych wykazywalo objawy zespolu moézdzkowego w badaniu klinicznym. Odczyn
komorek glejowych wydawal si¢ waznym wykladnikiem dla przyzyciowego rozwoju procesu
patologicznego. W uszkodzonej warstwie ziarnistej stwierdzano glownie rozplem komorek
mikroglejowych, natomiast w mniejszym stopniu obecno$¢ GFAP-dodatnich komorek astrogleju.
Przeciwciata przeciw frakcji C3 dopetniacza barwily cytoplazme komérek Purkinjego, a niekiedy
takze neurony warstwy ziarnistej. Surowice skierowane przeciw IgG byly wyraznie dodatnie
w cytoplazmie komorek Purkinjego, a w 4 przypadkach barwily rowiez jadra komorek warstwy
ziarnistej. Wydaje si¢, ze zmiany stwierdzone w badaniu immunohistochemicznym, a takze
pomnozenie komorek glejowych wskazuja na przyzyciowe powstanie uszkodzen i $wiadcza
przeciwko artefaktycznemu pochodzeniu opisywanych zmian.
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CEREBRAL GANGLIOGLIOMA WITH LONG HISTORY
AND UNUSUAL PROMINENCE OF THE MESENCHYMAL
ELEMENTS. CASE REPORT
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A case of cerebral ganglioglioma, a relatively rare and controversial tumor of the
central nervous system, is reported. The histological pattern of the tumor consisted
of differentiated neuronal cells and glial elements displaying a various extent of
cytologic abnormalities. Beside these two typical components for ganglioglioma, an
abundance of collagen fibrils and numerous blood vessels were encountered. The
long clinical course manifested by temporal epilepsy preceding clinical diagnosis of
brain tumor and peculiar histological appearance seem to be of considerable interest.

Key words: ganglioglioma, mesenchymal tissue.

Ganglioglioma of the central nervous system (CNS) is a relatively rare
tumor composed of a mixture of differentiated neuronal and glial cells
(Courville 1930; Courville, Anderson 1941; Kernohan et al. 1932; Anderson,
Adelstein 1942; Russel, Rubinstein 1977; Henry et al. 1978; Johannsson et al.
1981). These tumors are most often of relatively low-grade malignancy and
slow clinical course, they occur in children and/or young adults under the age
of 30. The terminology and histogenesis of this type of tumors still remain
controversial, they are considered most often as hamartomatous with tendency
to neoplastic changes (Steegmann, Winer 1961; Russel, Rubinstein 1962, 1977).

CASE REPORT

A 48-year old male patient had suffered from focal seizures since the age of
26. The diagnose was temporal epilepsy and the patient had been treated with
anticonvulsant drugs for 22 years. At the age of 38 he was hospitalized with
diagnosis of epilepsy and hysteric mutism. At the age of 48 severe headache
without nausea and vomiting, moreover apathy and occasionally disturbances
of balance occurred. Neurological examination revealed enhanced deep tendon
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reflexes on the left side, and visual assessment left temporal hemianopsia. The
CT scan showed a targe cystic lesion in the right temporal lobe (Fig 1). The
cerebrospinal fluid contained 181 mg% of protein. Right temporal craniotomy
was performed. A widespread mass of tumor was present in the right temporal
lobe accompanied by a large cyst connected with the lateral ventricle and
containing yellow fluid. Inside the lateral ventricle a mass of rich-vascularized
neoplastic tissue associated with tela choroidea was encountered. Tae tumor
extended to deep parts of the temporal lobe and was subtotally removed.

Fig. 1. CT scan demonstrating mass lesion in the right hemisphere composed of a solid part with
focal fibrosis and cystic part at the base of the temporal lobe

The biopsy material was fixed in 4% paraformaldehyde and embedded in
paraffin. The sections were stained with hematoxylin-eosin, Kliiver-Barrera,
van Gieson and Gridley method. Immunohistochemical studies for the
presence of glial fibrillary acidic protein (GFAP) were performed on paraffin
sections with antisera for GFAP (Dakopatts) using the extravidin-bio-
tin-peroxidase complex method with diaminobenzidine as chromogen.

NEUROPATHOLOGICAL EXAMINATION

Light microscopy examination revealed a variable histological picture from
field to field. The tumor tissue displayed poor to moderate cellular density. The
cells were usually dispersed in an background rich in fine cell processes. Some
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areas were occupied by collagen-rich tissue and/or numerous blood vessels
with thickened walls.

The infiltrative tissue was essentially composed of two types of cell
elements: atypical neuronal or ganglion cells and neuroglial cells. The neuronal
cells were scattered without any particular arrangement throughout the
infiltrated cerebral tissue (Fig. 2). The nerve cells showed marked variability of
size and shape. In some of them various amounts of Nissl substance were
unevenly distributed, most often irregularly or on the periphery of the
perikaryon (Fig.3). Numerous nerve cells revealed degenerative changes and
appeared as eosinophilic and homogeneous (Fig. 4). Some large cells had
a round, vesicular nucleus limited by a well-defined nuclear membrane and
containing small nucleoli typical for ganglion cells (Fig. 5). Bi- or tri-nucleated
forms of ganglion cells were occasionally encountered (Fig. 6). Scant stromal
neuroglial elements were represented by both astrocytes and oligodendroglia
(Fig. 7). The astrocytic cells were pilocytic as demonstrated by GFAP
immunohistochemistry (Fig. 8). The glial elements exhibited scant evidence of
neoplastic transformation expressed by anaplastic cellular forms, but without
marked increase of cellular density and mitoses. In some areas of infiltrated
tissue numerous tiny calcospherites were present. In some fragments of biopsy
material abundant connective tissue and thickened walls of blood vessels
predominated in the histological picture (Fig. 9). Hyaline thickening of the
vessel walls and hyalinization or calcification of the bands of connective tissue
could be observed. In the fibrous parts exhibiting a dense network of reticulin
fibers (Fig. 10) the sparse cells were compressed by mesenchymal elements so it
was difficult to determine their morphology.
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Fig. 3. Neuronal cell with round nucleus containing nucleolus and peripherally distributed Nissl
substance in the perikaryon. Kliiver-Barrera x 400

Fig. 4. Some neuronal cells revealing degenerative changes. H-E. x 200
Fig. 5. Large ganglion cells with vesicular nucleus and prominent nucleoli. H-E. x 40)
Fig. 6. Multinucleated ganglion cells. H-E. x 400
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Fig. 7. Highly-cellular area of the tumor composed of neuroglial cell with predominant
oligodendroglial component. H-E. x 200

Fig. 8. Astroglial cells with fibrous and pilocytic features. GFAP immunocytochemical staining.
x 200

Fig. 9. Numerous vessels exhibit thick, fibrous walls. H-E. x 100
Fig. 10. Dense network of reticulin fibers. Gridley x 100
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DISCUSSION

The tumor in our case revealed neuronal, glial and mesenchymal elements
forming a complex of proliferative tissue. The neuronal cells similar to those of
peripheral ganglia showed marked features of cytologic abnormalities concer-
ning difference in size and shape. Multinucleated neuronal cells were seen also
in this like in other reported cases (Johannsson et al. 1981; Takahashi et al.
1989). It is difficult to determine whether the observed cells participated
actually in the neoplastic process or represented only different stages of
maturation. However, the number and degree of neuronal abnormalities may
support the diagnosis of ganglioglioma. The glial elements seemed to be more
engaged in the neoplastic process. Nevertheless, scanty anaplasia and mild
cellular proliferation without mitoses justify the repeated opinion that nosolo-
gical classification of this type of tumor could be controversial (Russell,
Rubinstein 1977).

The tumor cells were encompassed by a rich network of fibrous connective
tissue and in some areas collagen fibres dominated in the histological
appearance of the tumor. Such an unusual abundance of fibrous connective
tissue has been previously found in some central ganglionic tumors (Russell,
Rubinstein 1962; Robertson et al. 1964; Miller, Ramsden 1966; Rubinstein,
Herman 1972; Vandenberg et al. 1987). Some similarity was suggested to the
structure of peripheral ganglia and this supports the hypothesis of hamar-
tomatous origin of ganglionic CNS tumors (Rubinstein, Herman 1972). On the
basis of slow evolution of the tumor and histological picture, this group of
tumors is often considered as of maldevelopmental nature with the possibility
to undergo anaplastic changes during further growth. In the present case, the
exceptionally long clinical course preceding diagnosis of CNS tumor may have
been connected with slow growth of the tumor owing to mild anaplasia of
neuronal and glial elements.

PRZYPADEK GANGLIOGLIOMA MOZGU O DLUGIM PRZEBIEGU KLINICZNYM,
Z DUZYM UDZIALEM TKANKI LACZNEJ
W OBRAZIE MORFOLOGICZNYM

Streszczenie

Przedstawiono przypadek ganglioglioma, rzadkiego guza osrodkowego ukladu nerwowego,
ktorego histogeneza jest nadal kontrowersyjna.

Utkanie guza skladalo si¢ z dojrzalych komorek nerwowych rozrzuconych w podscielisku
glejowym. Znamienna cecha obrazu histologicznego byla obfitos¢ elementow mezenchymalnych
w postaci pasm tkanki lacznej i pogrubiatych scian naczyniowych. W obrgbie podscieliska glejo-
wego stwierdzono niewielki stopien anaplazji. Dugi przebieg kliniczny oraz obraz histologiczny
utkania zdaja si¢ potwierdza¢ udzial zaburzen réznicowania komorek typu hamartoma w patome-
chanizmie rozwoju ganglioglioma z potencjalna mozliwoscia ich rozrostu nowotworowego.
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The studies were performed by the authors’ injection method on 30 human brains
and 80 animal ones. The cerebral arteries were injected with synthetic coloured latex
and then prepared in an operating microscope. It was found that the main source of
arterial supply of both the human and animal hippocampus is the posterior cerebral
artery. However, this artery has different origins in the arterial circle of the brain in
man, cat, rabbit and sheep. Comparative investigations have also proved that the
hippocampal vascular system in man and animals is very similar. It is formed by
branches of the posterior cerebral artery and of the anterior choroidal artery, called
the hippocampal arteries, and by numerous internal hippocampal arterioles arising
from them at right angle. The regional distribution of these arterioles is impossible to
describe because of their variable course in the hippocampal cortex and of the similar
vascularization of different cortical areas of the hippocampus. The studies have also
shown that the hippocampal arterial system is very well developed and makes
collateral circulation possible. Extracerebral segments of the hippocampal arterioles
in human senile brains, and chiefly in brains with atherosclerosis, showed different
deformations in the form of siphon-like structures, knot-loops and vascular glomeruli.

Key words: arterial vascularization, hippocampus, comparative anatomy.

In anatomical studies on the telencephalon structures called the limbic
system both in man and animals, including the phylogenetically oldest cortical
formations, and performing the basic function in evoking emotional reactions,
the vascular system and its role are still insufficiently known. The progress of
the research on brain pathology, mainly on cerebral vascular pathology,
prompted the need to study more precisely also the arterial vascularization of
the limbic system in man and experimental animals. There is particularly a lack
of comparative investigations of the insufficiently known arterial vasculariza-
tion of the hippocampus in man and animals.

Only few studies are devoted to arterial vascularization of the hippocampus
in man (Uchimura 1928; Heiman 1938; Lindenberg 1957; Lierse 1963; Muller,
Show 1965), and authors do not describe in detail all the hippocampal arteries
and their sources of supply, giving different informations about the origins,
topography and number of primary hippocampal arteries, their course,
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vascular regions and classification of the secondary (internal) hippocampal
arterioles. However, since the time of Spielmeyer’s (1925) and Uchimura’s
(1928) studies, various histopathological lesions of the individual cortical areas
of the hippocampus, appearing e.g. in cases of carbon monoxide poisoning,
epilepsy, ischemia and inflammatory processes of the brain, are related to the
specific hippocampal angioarchitectonics and cerebral circulatory insufficiency.

The aim of the present study was to investigate anatomically and
comparatively the sources of arterial vascularization, structure, topography
and courses of the extra- and intracerebral segments of the hippocampal
arteries in man, cat, rabbit and sheep, as well as the possibilities of collateral
circulation in the hippocampus.

MATERIAL AND METHODS

Studies were carried out with the use of the injection method by Goetzen
(1957) on 30 human brains with more or less developed atheromatosis, with or
without arterial hypertension, and 30 cat, 30 rabbit and 20 sheep brains.
Macrosmatic mammals were chosen representing animal groups with different
levels of phylogenetic development.

The arterial systems of the human brains were injected with synthetic
many-coloured latex (Hycar, Revinex and Perbunan N) through the internal
carotid arteries or through the main trunks of the arterial circle of the brain,
after perfusion of the vessels with distilled water. In animals latex was injected
through the common carotid arteries of cat, rabbit and sheep brains in situ, and
then the brains were removed from the skulls. The specimens were fixed in
ethanol. Trunks of the latex-filled arterial circles of the brains, their cortical
branches and the extracerebral segments of the deep arteries were subjected to
anatomical evaluation by means of an operating microscope. Intracerebral
segments of the deep cerebral arteries were dissected with microsurgical
instruments, under an operating microscope at a magnification of 8 —32 times.
The shape, course, extent of vascularization and kinds of branches and
anastomoses of the studied arteries were established as well as their defor-
mations, number and diameters.

RESULTS

Sources of arterial vascularization of the hippocampus
in man, cat, rabbit and sheep

The main and constant vessel carrying the blood to the hippocampus in
human, cat, rabbit and sheep brains is the posterior cerebral artery. However,
the sources of supply of this artery in man and the studied animals are different.

The sources of supply of the posterior cerebral arteries in the human brain
depend on the structure of the arterial circle of the brain. In cases when the
posterior cerebral arteries branch out from the basilar artery, they receive
blood from the vertebral arteries. In modifications of the structure of the
posterior part of the arterial circle of the brain, occurring in 26% of cases
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according to our studies, they receive blood mainly from the internal carotid
arteries, symmetrically in both cerebral hemispheres in 16% of cases.
Contrary to the human posterior cerebral arteries, the cerebral arteries
corresponding to them in cat and sheep are the main, strongly developed
branches of the posterior ramifications of the internal carotid artery and
always receive blood from the internal carotid arteries (Fig. 1). However, in the
rabbit brain the posterior cerebral artery originates from the junction of the
posterior ramification of the internal carotid artery with the terminal ramifica-
tion of the basilar artery. An additional source of arterial supply to the anterior
part of the hippocampus in man and the studied animals is the anterior
choroidal artery. The vascular extent of this artery in the hippocampus is
variable. In man, the anterior choroidal artery supplies the foot of the
hippocampus in 11% of cases. Superficial ramifications of the anterior

Fig. 1. Typical structure and topography of the trunks and branches of the arterial circle of the cat

brain. x §
Aca — arteria cerebri anterior, Acm — arteria cerebri media, Cra-, Crp — crura arteriae cerebri
internae, anterior et posterior, Acp — arteria cerebri posterior, Ab — arteria basilaris,

Ch — chiasma opticum, Lpr — lobus pyriformis, Pc — pedunculus cerebri
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choroidal artery in man in 28% of cases anastomose in the uncus region with
branches of the posterior cerebral artery leading to the hippocampus. These
anastomoses make collateral circulation possible.

Arterial vascularization of the human hippocampus

The human hippocampus has its own specific arterial system, formed by the
collateral branches of the posterior cerebral artery, and also quite often of the
anterior choroidal artery, called (primary) hippocampal arteries, and by the
internal (secondary) hippocampal arterioles arising from them.

The hippocampal arteries of the posterior cerebral artery are derived from
the terminal segment beyond the postanastomosed part of their maternal trunk
surrounding the cerebral peduncle (25%) or from the proximal segments of its
cortical branches (75%) (Fig. 2), often close to the thalamochoroidal arteries.
There are usually 2—5 single hippocampal arteries, from 400 to 800 pm in
diameter. In rare cases they start in a common trunk as a pedicle containing
2—3 branches. The hippocampal arteries after leaving the maternal trunks run
in the leptomeninx of the hippocampal gyrus and the subiculum with arches in
the hippocampal direction. Then they bend in L shape or divide into two
branches in Y, rarely T-shape and run diverging from one another along the
hippocampal sulcus. Quite often, in 30% of cases, the hippocampal arteries fuse
in the hippocampal sulcus forming vascular arcades. Few hippocampal arteries

Fig. 2. Origin, structure and course of the hippocampal arteries (ahip) of the posterior cerebral

artery (Acp) in man. The hippocampal arteries arise as two single trunks from the proximal

segment of the main cortical branch of the Acp. Hip — hippocampus, Plx — plexus choroideus.
View on the side of the thalamus. x 4
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Fig. 3. Structure, course and supplying region of the internal arterioles of the human hippocampus
(Hip); ahip — arteria hippocampi, rri — rami interni, Pima — pia mater. View on the side of the
inferior horn of the lateral ventricle. x 8.5

Fig. 4. Topography of the internal arterioles (rri) in longitudinal section of the human hippocampus
(Hip); ship — sulcus hippocampi, Pima — pia mater. x 8.5
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leave the hippocampal sulcus and in their terminal segments they branch on
the temporal lobe surface (7% of cases) or enter into the choroid plexus of the
cerebral ventricles (5% of cases).

The hippocampal arteries of the anterior choroidal artery originate from
the proximal segment of the maternal trunk in the number of 1 to 3 branches.
They have a structure similar to the hippocampal arteries of the posterior
cerebral artery and run in the hippocampal sulcus in the region of the uncus.

The hippocampal arteries give off their main branches along the hippocam-
pal sulcus — the internal hippocampal arterioles. However, on all their
extracerebral segments they give off some few, small collateral leptomeningeal
branches supplying the hippocampal gyrus and the subiculum. The internal
hippocampal arterioles arise from the hippocampal arteries at an almost right
angle, usually et equal distance as single trunks or pedicles, less frequently as
bundles of two to five vessels 50 to 180 pm in diameter. In their proximal, very
short extracerebral segments they run straight, parallel to one another in the
leptomeninx of the subiculum giving off small superficial branches. Then they
enter the hippocampus variably along the hippocampal sulcus. Some of them
divide into 2—3 trunks just before or after penetrating into the hippocampal

Fig. 5. Topography of the internal arterioles (rri) and their vascular areas in transversal section of
the human hippocampus (Hip); ahip — arteria hippocampi, ship — sulcus hippocampi. x 10
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AREA ENTORHINALIS
(GYRUS PARAHIPPOCAMPALIS)

Fig. 6. Diagram illustrating the typical course of the internal arterioles in the hippocampal cortex
in man, drafted on the illustration of the hippocampal microscopic appearance by Gastaut and
Lammers (1961); ahip — arteria hippocampi

sulcus. The internal hippocampal arterioles do not form anastomoses in their
course, so that anatomically they are terminal vessels.

Detailed delimitation of the vascular areas and division of the internal
hippocampal arterioles into vessels groups is impossible in view of their
variable course and structure. The internal hippocampal arterioles differ much
in size, shape, branches and supplying regions between themselves, so it is
impossible to differentiate among them special branches for each cortical area
of the hippocampus proper and also for the dentate gyrus. In the hippocampus
these arterioles run variably from their various entrances in the hippocampal
sulcus, in the direction of the CA1, CA2 and CA3 fields in different layers of the
archicortex, giving off small arboreal branches in successive regions and
cortical fields through which they run (Figs 3 —5). One should emphasize that
the course of the internal hippocampal arterioles in the hippocampus is
topographically related to the folding and microscopic structure of the
archicortex. These arterioles mostly run parallel along cortical hippocampal
layers. Strongly developed, thick arterioles often run between the dentate gyrus
and the hippocampus proper, in the molecular layer containing the fewest
nerve cells bodies and most numerous nerve fibers in comparison with the
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other layers (Fig. 6). The arterioles running this way, give off small branches to
neighbouring cortical layers of the subiculum, to the denate gyrus and CAl,
CA2 fields, reaching the alveus and even the ependyma of the ventricular
surface of the hippocampus and divide into bushy terminal small branches in
the CA2 or CA3 field. Sometimes these arterioles are strongly bent and
penetrate into the hilus of the dentate gyrus.

In senile brains showing advanced arterial atheromatous changes, and in
people with arterial hypertension, the hippocampal arteries and the internal
hippocampal arterioles in their extracerebral segments often have a changed
shape and course. The hippocampal arteries are usually bent arcuately and
serpentinely, they form elongated loops and siphons. Deformations of the
internal arterioles assume the shape of lacunar ectases, excessively elongated
arches and loops.

Arterial vascularization of the cat, rabbit and sheep hippocampus

The hippocampus in cat and sheep is supplied by its own vessels — the
primary hippocampal arteries and arising from them internal, secondary
hippocampal arterioles, forming just as in man a characteristic system.
However, the hippocampal arteries in cat and sheep have a different, than in
man, origin and structure.

In the cat brain these arteries, 1—3 singular trunks, 150—200 pum in
diameter, arise from the proximal segment of the thalamochoroidal branch of
the posterior cerebral artery. They run arch-wise in the leptomeninx along the
hippocampal sulcus, parallel to the maternal trunk and quite often they
anastomose with one another. They give off many small internal arterioles at
right angles as singular trunks or pedicles comprising 2—4 branches, which
penetrate directly into the hippocampus along the hippocampal sulcus. They
give off also thicker, but much fewer cortical branches running in the
leptomeninx of the pyriform and occipital lobes. In cat, moreover, a singular
hippocampal artery arises from the proximal segment of the anterior choroidal
artery and runs backward arch-wise to the inferior part of the hippocampus. In
the superior part of the cat hippocampus the internal hippocampal arterioles
arise with singular trunks at right angle directly from the trunk of the
thalamochoroidal branch of the posterior cerebral artery.

In the sheep brain, the hippocampal arteries, 3—4 trunks, 250 — 300 um in
diameter, arise at right angles from the proximal segments of the main cortical
branches of the posterior cerebral artery and from the proximal segment of the
anterior choroidal artery. They run with singular straight trunks in the
hippocampal sulcus and divide into many single trunks or grouped in pedicles
of two to four, internal arterioles which penetrate directly into the hippocam-
pus along the hippocampal sulcus.

In the rabbit brain, all internal arterioles as the singular or 2—4 trunks
pedicles, arise at right angles directly from the main branch of the posterior
cerebral artery surrounding the brain stem along the hippocampal sulcus. This
branch, 200 — 250 pm in diameter, also gives off many ‘arterioles supplying the
pulvinar and the geniculate bodies, and in its terminal segment it also supplies
the occipital lobe cortex. The internal hippocampal arterioles are characterized
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Fig. 7. Structure, course and supplying region of the internal arterioles (rri) in the cat hippocampus
(Hip); ship — sulcus hippocampi, Plx — plexus chorioideus, Pima — pia mater. The right cerebral
hemisphere, view on the postero-lateral side. x 8.5

by a long, loop-shape extracerebral course in the leptomeninx of the subiculum.

According to our results there are strong similarities in structure, course,
topography and vascular extent of the internal hippocampal arteries in man,
cat, rabbit and sheep. In these animal brains the arterioles penetrate into the
hippocampus at right angle variably along the hippocampal sulcus and run in
the direction of the CAl, CA2 and CA3 fields in different layers of the
archicortex, however, mostly in the molecular layer (particularly in rabbit and
sheep), almost parallel to one another, giving of small arborescent collateral
branches to the subiculum, dentate gyrus and various neighbouring cortical
areas. In their terminal segments they divide shaggily and bend arcuately in the
direction of the concave surface of the hippocampus (Figs 7, 8). Cat, rabbit and
sheep internal hippocampal arterioles, like human ones, comprise in their
vascular regions different fields and layers of the hippocampal cortex in
individual cases, so it is difficult to distinguish cytoarchitectonic groups of
vessels among them. The diameter of the internal hippocampal arterioles
fluctuates from 30 to 80 pum in cat, from 40 to 100 um in rabbit and from 50 to
120 um in sheep.
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Fig. 8. Similar structure and topography of the internal arterioles (rri) in the sheep hippocampus
(Hip); ship — sulcus hippocampi, Pima — pia mater. Right cerebral hemisphere, view on the side of
the inferior horn of the lateral ventricle. x 6.5

DISCUSSION

Our studies have shown that both in man and in cat and sheep the
hippocampus is supplied by the hippocampal arteries of the posterior cerebral
artery, running along the hippocampal sulcus, and by the internal hippocampal
arterioles arising from them at right angle. However, the studies of Scharrer
(1940) and Nilgels (1944) did not prove the contribution of analogical arteries
to the supply of the animal hippocampus. According to Nilgels (1944) the
internal arterioles supplying the animal hippocampus with blood arise directly
from the trunk of the posterior cerebral artery or from its main cortical
branches. In our studies we have found this kind of origin of the internal
hippocampal arterioles in the rabbit and also in the superior part of the cat
hippocampus. Research performed on the topography and origin of the human
hippocampal arteries allowed to distinguish the hippocampa! segment in the
course of the posterior cerebral artery. It lies in the ambient cistern, on the
medial surface of the hippocampus in the region of the lateral geniculate body.

In our earlier results (Goetzen, Sztamska 1990; Sztamska 1991), the very
similar structure and topography of the internal hippocampal arterioles both in
man and in animals should be emphasized. These similarities are probably
related to the very similar microscopic structure of the cortical hippocampal
formations in all mammals (Gastaut, Lammers 1961).
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Our studies have confirm the opinion of Uchimura (1928) who ascertained
that the human internal hippocampal arterioles are anatomically terminal
vessels. We have also shown, contrary to Nilgels’ (1944) studies, animal internal
hippocampal arterioles to also be anatomically terminal ones. However, unlike
the results of Uchimura (1928), Nilgels (1944), Lindenberg (1957) and Gastaut
and Lammers (1961), we have found that each cortical area of the hippocampus
and dentate gyrus, both in man and in animals, is vascularized more or less
equally and one cannot distinguish among the internal hippocampal arterioles
the topographic groups of vessels. It is difficult to determine the anatomical
criteria of their classification in view of their highly variable structure,
topography and vascular regions.

The performed studies of the internal vascularization of the human and
animal hippocampus allow the statement that it is supplied by very numerous,
usually abundantly branched arterioles. Morphometric studies of the capillary
vessels of the limbic system in man and animals (Lierse 1963; Kraszpulski,
Wrzotkowa 1987) also testify to the particularly reach vascularization of the
hippocampus. According to our studies, the hippocampus in man and in cat
has usually a well developed own system of arterial anastomoses in the form of
the arterial arcades, making collateral circulation possible. The hippocampal
arteries derived from the anterior choroidal artery are an additional protection
for the circulation in the human hippocampus — they lead blood to the
hippocampus from the supplementary anterior arterial source of the brain.

On the ground of the performed studies one can conclude that, considering
the arterial vascularization of the hippocampus in man, cat, rabbit and sheep,
these animals can serve as experimental models for study of blood circulation
in the hippocampus and angiogenic pathologic lesions of the latter. However,
in these experiments one should take into consideration the differences in the
sources of the arterial supply to the hippocampus in man and animals, related
to the different structures of their brain arterial circles. A cat is more suitable
model for the cerebral circulation study with reference to man than rabbit and
sheep.

CONCLUSIONS

1. The posterior cerebral arteries, the main source of the vascularization of
the hippocampus, arise from different maternal trunks in the human, cat, rabbit
and sheep brains.

2. The arterial vascularization of the hippocampus in man, cat, sheep and
rabbit is similar especially in its internal area.

3. There are not significant anatomical differences in the angioarchitec-
tonics of the different fields and cortical regions of the hippocampus.

4. The internal arterioles penetrating into the hippocampal cortex in man,
cat, rabbit and sheep are anatomically terminal vessels.

5. The human and animal arterial hippocampal system, in comparison with
the other vascular areas of their cerebral cortex, distinguish itself with stronger
developed structure and, moreover, it creates anatomical conditions for the
collateral circulation.

http://rcin.org.pl
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ANATOMIA POROWNAWCZA UNACZYNIENIA TETNICZEGO HIPOKAMPA
U CZLOWIEKA I ZWIERZAT DOSWIADCZALNYCH
(KOTA, KROLIKA I OWCY)

Streszczenie

Badania wykonano wlasna metoda iniekcyjna na 30 moézgowiach ludzi i 80 moézgowiach
zwierzat. Tetnice mozgowe nastrzyknigto barwnymi lateksami syntetycznymi i preparowano pod
mikroskopem operacyjnym.

Stwierdzono, ze gtowne zrodto zaopatrzenia tetniczego hipokampa, zarowno u czlowieka, jak
i u zwierzat, stanowi tetnica tylna mozgu. Tetnica ta w kolach tetniczych mozgow cztowieka, kota,
krolika i owcy ma jednakze rozne miejsca odejscia. Badania porownawcze wykazaty ponadto, ze
uktad naczyniowy hipokampa u cztowieka i zwierzat jest bardzo podobny. Jest on utworzony
przez galezie tetnicy tylnej mozgu i tetnicy naczyniowkowej przedniej, zwane tetnicami hipokampa
oraz przez odchodzace od nich pod katem prostym liczne wewnetrzne tetniczki hipokampa.
Opisany w pismiennictwie topograficzny podziat tych tetniczek jest niemozliwy ze wzgledu na ich
zmienny przebieg w korze hipokampa oraz podobne unaczynienie réznych obszaréw korowych
hipokampa. Badania wykazaly takze, ze uklad tetniczy hipokampa jest bardzo dobrze wyksztal-
cony i stwarza mozliwos¢ krazenia obocznego. W mozgowiach starczych, a zwlaszcza w moz-
gowiach ze zmianami miazdzycowymi naczyn, zewnatrzmoOzgowe odcinki tetnic i tetniczek
hipokampa wykazuja znieksztalcenia w postaci wydtuzonych syfonow, petli i kigbkow naczyniowych.
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