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[ ANDRZEJ] GONCERZEWICZ |

THE ROLE OF ASTROGLIA IN PATHOLOGICAL PROCESSES
CHARACTERIZED BY MYELIN DISINTEGRATION.
II. ELECTRON ENZYME AND IMMUNOCYTOCHEMISTRY OF THE
ASTROGLIA IN EXPERIMENTAL INJURY TO WHITE MATTER

Department of Neurology, School of Medicine, Poznan

In the first part of this publication (Goncerzewicz 1987) the ultrastructure of
reactive astroglia in several different models of experimental white matter
injury was presented. These reactive changes usually appear much earlier than
discernible signs of myelin sheath disintegration. Moreover, it was shown that
the processes of hypertrophied astroglia entered into close contact with myelin
about to be disrupted. This phenomenon was interpreted as evidence of
formation of a novel type of structural (and possibly also functional)
intercellular connections by astrocytes, which seem to be the main cellular
component active within injured white matter.

For more precise characterization of astroglial reactive changes and for
better visualization of the postulated novel intercellular connections within
injured white matter, enzyme cytochemistry methods as well as immunocyto-
chemistry techniques were employed in this study. Enzyme cytochemistry
enables to reveal the subcellular structures which may play and important role
in cellular reactive changes. On the other hand, the high specificity of
immunocytochemical techniques would help in identification of astroglial
processes which enter into close structural relationship with degenerating
myelin.

The models of experimental white matter injury employed in this study
were: “postpumping” myelopathy after Bunge et al. (1960), central Wallerian
degeneration in the rat optic nerve, as described by Goncerzewicz (1982), and
chronic relapsing experimental autoimmune encephalomyelitis (Lassmann,
Wisniewski 1979).
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128 A. Goncerzewicz

MATERIAL AND METHODS

The experimental procedures of “postpumping” myelopathy in adult cats
spinal cord and central Wallerian degeneration (c(WD) in adult rat optic nerve
were described in the first part of this publication (Goncerzewicz 1988).

Chronic relapsing experimental autoimmune encephalomyelitis (crEAE)
was induced after Lassmann and Wisniewski (1979) in young Hartley guinea
pigs. Briefly, 2 —3-week-old animals were sensitized with 0.2 ml of encephalito-
genic mixture injected into both hind legs. With the onset of clinical symptoms
of the first relapse, pieces of white matter adjacent to plaques of demyelination
in the spinal cord were taken.

In order to demonstrate the activities of acid phosphatase (AcP-ase:
orthophosphoric monoester physphohydrolase — 3.1.3.2), thiamine pyropho-
sphatase (TPP-ase: thiamine phosphate pyrophosphohydrolase — 3.5.1a) and
adenosine triphosphatase (ATP-ase: ATP-phosphohydrolase — 3.6.1.3.), pieces
of white matter were fixed by immersion for 60—90 minutes in a cold
glutaraldehyde-paraformaldehyde_mixture after Karnovsky 1965.

Fig. 1. “Postpumping” myelopathy. Late period. Abundant ATP-ase reaction product is confined
not only to astrocyte plasma membranes but also to micropinocytic vesicles (arrows). x 9500
Ryc. 1. Mielopatia wywotana “pompowaniem” ptynu mézgowo-rdzeniowego. Okres pozny. Obfity
produkt reakcji ATP-azy jest nie tylko powiazany z blonami cytoplazmatycznymi astrocytow, ale
znajduje si¢ rowniez w pecherzykach mikropinocytarnych (strzatki). Pow. 9500 x
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Fig. 2. Wallerian degeneration of the rat optic nerve, two days after surgery. 5'-NC activity.

Complicated network of astrocytic processes aproaching and, is some places closely apposed

(arrows) to partially split myelin sheaths is clearly visible owing to presence of enzyme reaction
product along plasma membranes. x 14500

Ryc. 2. 5'nukleotydaza w zwyrodnieniu Wallera nerwu wzrokowego szczura w dwa dni po zabiegu.

Skupienie wypustek astrocytarnych, lezacych blisko lub niekiedy scisle przylegajacych (strzatki)

do czgsciowo rozszczepionych ostonek mielinowych jest wyraznie widoczna dzigki obecnosci

produktu reakcji enzymatycznej uktadajacego si¢ wzdtuz bton cytoplazmatycznych tych wypustek.
Pow. 14500 x

The assays for 5'-nucleotidase (5'-NC: 5'-ribonucleoside phosphohydrolase
— E.C. 3.1.3.5)) were performed after intracardiac gravity perfusion with
buffered formaldehyde solution (Karlsson, Schultz 1965). For immunocyto-
chemical studies, intracardiac perfusion with 2% paraformaldehyde in some
instances supplemented with glutaraldehyde at final 0.2% concentration in 0.1
M phosphate-buffered saline (PBS), pH 7.4, was applied. After perfusion, the
material was postfixed in the same fixative for 30 to 120 minutes.

Enzyme-cytochemical procedures:

The incubation for AcP-ase, TPP-ase and ATP-ase was performed on very
small pieces of white matter, obtained by using a specially designed device
(several razor blades attached to a handle). These sections were incubated for
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130 A. Goncerzewicz

Fig. 3. 5-NC activity in Wallerian degeneration of the rat optic nerve seven days after surgery.
Enzyme reaction product is visible along astrocytic plasma membranes, especially in the regions
where they are closely apposed to the outermost part of the myelin sheath (arrows). Within
astrocyte cytoplasm multiple cisternae of endoplasmic reticulum filled with reaction product
(ER). x 9000
Ryc. 3. Aktywnos¢ 5-NC w zwyrodnieniu Wallera nerwu wzrokowego szczura siedem dni po
zabiegu. Produkt reakcji enzymatycznej uklada si¢ wzdluz astrocytarnych blon cytoplazmaty-
cznych, szczegélnie w miejscach, gdzie przylegaja one $cisle do najbardziej zewngtrznych czgsci
ostonek mielinowych (strzatki). Wewnatrz cytoplazmy astrocytu liczne zbiorniki siateczki $rod-
plazmatycznej wypelnione produktem reakcji (ER). Pow. 9100 x

AcP-ase in Gomori’s medium (Gomori 1952), modified according to Miller and
Palade (1964), for 25-30 minutes; for TPP-ase in the medium after Novikoff and
Goldfischer (1961) for 40 minutes: and for ATP-ase in the medium after
Wachstein and Meisel (1957) for 15-30 minutes. Control sections were
incubated in media devoid of appropriate enzymic substrates.

For 5-NC activity demonstration, 40 um Vibratome sections of optic
nerves were incubated for 30 minutes in the medium described by Kreutzberg
and Hussain (1982). Control sections were processed in medium, where the
substrate 5-AMP was ommitted. After incubaton, the sections were carefully
washed in 0.1 M cold cacodylate buffer. Then, developed shortly (1 min) with
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Fig. 4. Chronic relapsing EAE. First relapse. Spinal cord of guinea pig. GFAP in white matter
adjacent to the lesion. Immunostaining reveals long astroglial processes winding amongst
myelinated fibers. Highly reactive vascular end-feet indicated by arrows. Paraffin section. x 250

Ryc. 4. GFAP w rdzeniu kregowym $winki morskiej w crEAE. Pierwszy nawrot. Istota biala w

poblizu strefy zmian. Produkt immunoreakcji uwidacznia dlugie wypustki astrogleju penetrujace

przestrzenie pomigdzy poszczegdlnymi zmielinizowanymi wioknami osiowymi. Strzatki wskazuja

na znaczne nagromadzenie produktu reakcji w okolonaczyniowych ndzkach ssacych. Skrawek
parafinowy. Pow. 250 x

6% ammonium sulphide, buffered at pH 6.5, and subsequently rinsed again in
cold cacodylate buffer.

Immunocytochemical procedures:

The experiments in crEAE were exclusively performed on the material
routinely embedded in paraffin. Seven-micrometer paraffin sections were
immunostained after deparaffinization in a moist chamber according to the
unlabeled antibody PAP method after Sternberger (1979). The sections were
sequentially treated with: 1) 3% normal goat serum in 0.5 M phosphate saline
buffer PBS, pH 7.6 for 30 min; 2) rabbit antiserum to human glial fibrillary
acidic protein (GFAP — this primary antibody was kindly donated by Dr. K.
Yen, Albert Einstein College of Medicine, New York) diluted 1:200 and 1:500 in
PBS containing 1% normal goat serum for 60 min; 3) goat-antirabbit IgG
diluted 1:20 in 0.5 M Tris-saline for 30 min; 4) rabbit PAP diluted 1:100 in PBS
containing 1% normal goat serum for 30 min; 5) 0.01% hydrogen peroxide and
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132 A. Goncerzewicz

Fig. 5. GFAP in Wallerian degeneration of the rat optic nerve. Seven days after surgery.

Immunoreaction product has appeared within fairly long, numerous astroglial processes

throughout the entire section. In some places (arrows) its appreciable accumulation visualizes
astroglial perikarya and wide processes. Vibratome section. x 400

Ryc. 5. GFAP w zwyrodnieniu Wallera nerwu wzrokowego szczura 7 dni po zabiegu. Produkt

reakcji widoczny w dos¢ diugich i bardzo licznych wypustkach astrocytarnych rozrzuconych w

obrebie calego przekroju. Miejscami (strzatki) jego wigksze skupienia wyznaczaja perykariony i
pogrubiale wypustki astrocytow. Skrawek krojony na Vibratomie. Pow. 400 x

0.05% 3.3-diaminobenzidine hydrochloride (DAB) in 0.1 M Tris-saline
buffer, pH 7.6, for 6 to 8 minutes. Careful washing with PBS was performed,
when necessary, between individual steps.

The immunocytochemical studies of cWD in the rat optic nerve were
exclusively performed on free-floating, SOum thick Vibratome sections, collected
into PBS and kept overnight in 3% sheep nonimmune serum at 4°C. For
immunostaining, the indirect antibody method was employed following the
protocol described by Langley et al. (1980). Step 1 consists of 60-min
incubation of sections at room temperature with primary antibodies polyclonal
rabbit-anti GFAP primary antibody produced by DAKO, and polyclonal
rabbit-anti NCAM (neuronal cell adhesion molecule) antibody (generous gift of
Dr. O.K. Langley, Centre de Neurochimie, Strasbourg, France), diluted 1:100
and 1:400, respectively, with 1% nonimmune sheep serum in PBS. It was
followed by 2 hours incubation with sheep anti-rabbit Fab conjugated with
horse radish peroxidase (HRP) diluted 1:100 in PBS. In step 3, 0.01% hydrogen
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Fig. 6. GFAP in normal optic nerve. Unstained ultrathin section. Faint immunoreactivity visible in
astroglial end-feet as well as in slender processes separating groups of myelinated axons
(arrows). x 4200
Ryc. 6. GFAP w kontrolnym nerwie wzrokowym. Skrawek ultracienki, nie dobarwiany. Niewielkie
ilosci produktu immunoreakcji widoczne sa jedynie w nozkach ssacych astrocytow oraz w ich
cienkich wypustkach rozdzielajacych peczki zmielinizowanych wiokien osiowych (strzatki)
Pow. 4200 x

peroxide and 0.05% DAB diluted in PBS were applied in darkness for 6-8
minutes. Every step was separated by excessive washing with PBS. Then,
alternate sections were selected for light microscopic examination and electron
microscopy procedures.

For controls, the specific primary antisera were replaced by normal
(pre-immune) rabbit sera. In the case of crEAE studies, primary antiserum
absorbed with an excess of antigen was also employed for control purposes.

Preparation of specimens for light microscopy:

Paraffin immunostained sections were immediately treated for 5 min with
2% buffered OsO, and mounted in glycerol. Vibratome sections were mounted
in Permount on glass slides without osmification. Both were viewed and
photographed in a Zeiss microscope at primary magnifications of 40 to 600 x.
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134 A. Goncerzewicz

Fig. 7. Normal optic nerve, GFAP. Immunoreaction product is present only in astroglial end-feet
(arrows) but is absent in cellular processes between myelinated axons, neither is unspecific staning
. of neurotubules seen. x 14000
Ryc. 7. Kontrolny nerw wzrokowy. Produkt immunoreakcji widoczny jedynie w okotonaczynio-
wych nézkach ssacych astrogleju (strzalki), nie wystgpuje natomiast pomigdzy zmielinizowanymi
wioknami, ani wewnatrz aksonu. Pow. 14000 x

Preparation of material for electron microscopy:

All the sections subjected to enzymecytochemical as well as immunocyto-
chemical procedures and designed for electron microscopic studies were
postfixed for 1 hour in 1% buffered osmium tetroxide, dehydrated routinely
and embedded in resins (Epon, Araldite or Spurr). Ultrathin sections were cut
in a Reichert ultramicrotome and photographed in a JEM 7A electron
microscope. In the case of electron immunocytochemistry experiments, the
counterstaining with lead and uranium salts was entirely omitted to avoid any
interference with the immunoreaction product.
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Fig. 8. GFAP in Wallerian degeneration of the rat optic nerve seven days after surgery.

Immunoreaction product is confined to multiple astrocytic processes of different size and shape.

Around blood vessels (BV) only astroglial end-feet are immunopositive. The other structures, as

basement membrane, pericytes and endothelial cells reveal no immunoreactivity. Within white

matter, GFAP-positive processes display tendency to separate and surround individual axons at

various stages of disintegration (arrows). Astrocyte pericarium (A) filled with granular immuno-
reaction product. x 4000

Ryc. 8. GFAP w zwyrodnieniu Wallera nerwu wzrokowego szczura 7 dni po zabiegu. Produkt

immunoreakcji wystepuje w licznych wypustkach astrocytarnych roznego ksztattu i wielkosci.

Wokot naczynia (BV) jego obecno$¢ wykazuja tylko nozki ssace astrocytOw, natomiast inne

struktury jak blona podstawna, perycyty i komorki srodbtonka nie wykazuja immunoreaktywno-

sci. W istocie bialej immunoreaktywne wypustki wydaja si¢ oddziela¢ i otacza¢ poszczegélne

wiokna osiowe znajdujace si¢ w roznych stadiach uszkodzenia (strzatki). Perykarion astrocytu (A)
jest wypelniony ziarnistym produktem immunoreakcji. Pow. 4000 x

RESULTS

Enzyme electron cytochemistry:

The localization of activities of several hydrolytic enzymes, namely
TPP-ase, ATP-ase and AcP-ase was studied in astrocytes in early preparalytic
and paralytic periods of “postpumping” myelopathy.
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Fig. 9. Wallerian degeneration of the rat optic nerve. Eleven days after surgery. Numerous

GFAP-positive processes separate individual axons and surround them (asterisks). Note two such

processes (arrows) interposed between oligodendrocyte (OL) and degenerated myelinated
axon. x 3200

Ryc. 9. Zwyrodnienie Wallera w nerwie wzrokowym szczura. GFAP 11 dni po zabiegu. Liczne

wypustki zawierajace produkt immunoreakcji rozdzielaja poszczeg6lne wiokna osiowe i otaczaja je

(gwiazdki). Dwie z takich wypustek (strzalki) oddzialaja komorke oligodendrogleju (OL) od
uszkodzonych widokien osiowych. Pow. 3200 x

In the early period of the experimental process, enhancement of TPP-ase
activity within structures of the Golgi system was noted. The enzyme reaction
product was seen not only within large flattened Golgi cisternae, but also
within vacuolar and tubular structures connected with them. The structures
were mostly localized within cells with abundant, dense cytoplasm, where
scattered bundles of intermediate filaments were also observed. In this period
only scarce amounts of ATP-ase reaction product were closely associated with
perivascular astrocyte plasma membranes. However, in the late (paralytic)
period abundant enzyme reaction product was not confined only to plasma
membranes, but also to associated numerous micropinocytic vesicles (Fig. 1).
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Fig. 10. GFAP in Wallerian degeneration of the rat optic nerve. Seven days after surgery. Subpially

located astrocyte (A) with perikaryon completely filled with immunoreaction product. However,

cytoplasmic organelles are clearly visible (arrows). The other astrocytic process completely engulf
myelinated axon (asterisk). x 4500

Ryc. 10. GFAP w zwyrodnieniu Wallera nerwu wzrokowego, 7 dni po zabiegu. Podoponowy

astrocyt (A) z perykarionem wypelnionym produktem immunoreakcji, jednak zarysy organelli

cytoplazmatycznych sa wyraznie widoczne (strzatki). W innej wypustce asirocytarnej caikowicie
wpuklone zmielinizowane wiokno osiowe (gwiazdka). Pow. 4500 x

As far as AcP-ase activity was concerned, larger accumulations of enzyme
reaction product were noted only in the late period within large lysosomal
structures. These lysosomes appeared usually within reactive astroglial
processes, characteristic by their dense cytoplasm, closely approaching myelin
sheaths in earliest stages of disintegration. No extralysosomal localization of
AcP-ase reaction product was noted.

Localization of 5'-nucleotidase activity was studied in the model of cWD of
the rat optic nerve. In this part of the rat central nervous system (CNS) enzyme
activity is known to be neglegible. Therefore, in control tissue the enzyme
reaction product was absent even from glial plasma membranes. However, as
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Fig. 11. Normal optic nerve. NCAM. Immunoreaction product is dispersed within larger astrocytic
processes, usually along their plasma membranes (arrows). Locally, some accumulations of
electron-dense deposits are visible in the outer part of myelinated axons (arrowheads). x 8000

Ryc. 11. Kontrolny nerw wzrokowy. NCAM. Produkt immunoreakgcji jest rozproszony wewnatrz

wigkszych wypustek astrogleju, zazwyczaj wzdluz blony komoérkowej (strzatki). Niewielkie

skupienia elektronooptycznie gestego produktu reakcji widoczne rowniez przy najbardziej
zewnetrznych czesciach ostonki mielinowej (glowki strzalek). Pow. 8000 x

early as the 2nd day of experiment black deposits of enzyme reaction product
were accumulated along those fragments of astrocytic plasma membranes
which came in close contact with not yet disrupted myelin sheaths (Fig. 2). The
cell processes approaching myelin sheaths were clearly visible contrary to the
other ones, distant from myelin, where only scarce plasmalemmal activity was
seen (Fig. 2). The peak of astrocytes enzymatic activity seemed to appear on the
7th day of experiment, when the enzyme reaction product was heavily
accumulated in almost every region of contact between astroglial processes and
the degenerating myelin (Fig. 3). Moreover, the reaction product of this
ectoenzyme was visible in this period within round and flattened cisternae of
endoplasmic reticulum (Fig. 3) in astroglial cells. This enhancement of activity
turned out to be temporary, as on the 14th day of experiment none of the
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Fig. 12. NCAM in normal optic nerve. Linear deposits of immunoreaction product along plasma

membranes of subpially located astrocytic processes (arrows). Only in a few places of contact

between myelinated fibers (Ax) and astroglial processes the immunoreaction product is visible on
the side of astroglial plasma membranes. x 8000

Ryc. 12. Kontrolny nerw wzrokowy. NCAM. Elektronooptycznie gesty produkt immunoreakcji
obrysowuje blony komorkowe wypustek astrocytow podoponowych (strzatki). Tylko w nielicznych
strefach kontaktu zmielinizowanych wiokien osiowych (Ax) i wypustek astrogleju produkt
immunoreakcji widoczny jest po stronie astroglejowej btony cytoplazmatycznej. Pow. 8000 x

neuroglial cells, even those with reactive features, displayed 5'-NC activity
associated with any of their structures.

The initial GFAP immunocytochemical study was performed on apparen-
tly normal white matter adjacent to the crEAE lesion. With the employed
method, only very faint immunostaining was observed in normal control white
matter, and it was connected with relatively short astrocytic processes
dispersed throughout the groups of axons. The immunostaining pattern within
white matter taken close or immediately adjacent to the lesion was, however,
entirely different. Fairly thick immunopositive processes extended from cell
bodies, which in some instances also displayed the immunoreaction product in
the perinuclear cytoplasm. In some places the processes tended to surround
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Fig. 13. NCAM in Wallerian degeneration of the rat optic nerve. Seven days after surgery.
Considerable concentrations of immunoreaction product in astroglial processes penetrating
between degenerated axons, especially in points of contact between their plasma membranes and
outermost part of myeiin (arrows). No such deposits within structures of blood vessel (BV). x 7000

Ryc. 13. NCAM w zwyrodnieniu Wallera nerwu wzrokowego w 7 dni po zabiegu. Znaczne
nagromadzenie produktu immunoreakcji widoczne w wypustkach astrogleju przebiegajacych
migdzy wyrodniejacymi wioknami osiowymi. Jest ono szczegélnie widoczne w miejscach kontaktu
ich bton plazmatycznych z najbardziej zewnetrzna czescia ostonek mielinowych (strzatki).
Struktury naczynia krwionosnego (BV) wolne od produktu immunoreakcji. Pow. 7000 x

individual axons. Some of them were fairly long and terminated as vascular
end-feet, displaying a great amount of accumulated immunoreaction product
(Fig. 4).

Further GFAP immunocytochemical studies were performed on the rat
optic nerve and optic chiasm, where Wallerian degeneration was inflicted by
unilateral removal of the eye bulb. As early as 7 days after surgery considerable
changes in the immunostaining pattern were noted. In normal control white
matter astrocytic processes were revealed by this technique as thin, short
structures of preferentially subpial location. In injured white matter, on the
contrary, astroglial processes formed a dense network of long curvilinear, fairly
thick structures (Fig. 5). Very often local accumulations of immunoreaction
product could be observed. The structures of irregular shape might be
interpreted as immunopositive end-feet, perikarya or hypertrophied processes.
The structures were dispersed throughout all the lesioned tissue with no
preference to its marginal part (Fig. 5).
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Fig. 14. NCAM in Wallerian degeneration of the rat optic nerve. Seven days after operation. All the

degenerating axons (Ax) display immunoreactivity along their entire circumference. Numerous

astroglial processes penetrating between them display linear deposits of immunoreaction product

especially along the plasma membranes contacting the outermost part of meylin sheaths (arrows).
x 6000

Ryc. 14. NCAM. Zwyrodnienie Wallera nerwu wzrokowego w 7 dni po zabiegu. Wszystkie

wyrodniejace wlokna osiowe (Ax) wykazuja obecno$¢ produktu immunoreakcji wokot calego

swego zewnetrznego obwodu. Liczne wypustki astrogleju rozdzielajace poszczegélne aksony

wykazuja obecnos¢ produktu immunoreakcji, glownie w btonach plazmatycznych, ktore kontaktu-
ja si¢ z najbardziej zewnetrzna czescia ostonek mielinowych (strzatki). Pow. 6000 x

Examination of the above presented material at the ultrastructural level
enabled a more detailed description of the astroglial reaction at the early stage
of cWD. Within normal control optic nerve, localization of the immuno-
reaction product was limited to some larger astrocytic processes, especially
those which formed vascular end-feets (Figs 6, 7). Also, some processes which
separated groups of axons displayed minute amounts of immunoreaction
product. This was in striking contrast with the immunostaining pattern on the
7th day after enucleation, when large, irregular, highly immunopositive
processes surrounded partially or completely myelin sheaths in initial stages of
disintegration (Fig. 8). The immunoreaction product had generally a granular
appearance and was mostly arranged in linear fashion not only in processes but
sometimes also in astroglial perikarya (Fig. 8). It was, however, never observed
within the cytoplasm of cells furnishing the vascular wall (Fig. 8) or cells with
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oligodendroglial characteristics (Fig. 9). As far as nonspecific staining of
neurofilaments is concerned, higher magnifications of control, uninjured white
matter revealed no dark deposits within myelinated axons, which was also true
of myelin ovoids in the injured white matter (Figs 7, 8 and 9).

A more detailed analysis of immunostaining pattern within cytoplasm of
typically perivascularly or subpially located reactive astrocytes revealed that
there was no diffusion of immunoreaction product into channels of endo-
plasmic reticulum as well as throughout the plasma or nuclear membranes
(Figs 8, 10). Only very rarely could the electron dense agglomerations of
immunoreaction product be seen within the cytoplasm.

The general pattern of immunoreaction in the injured optic nerve gave the
impression that numerous immunopositive processes formed curvilinear
profiles adjacent to degenerated myelinated axons (Figs 8, 9). Almost all of
these processes displayed various modes of contact with myelin ovoids. The
most common appeared to be partial surrounding of degenerated myelin by
the processes, but sometimes slender digitiform processes stretched out from
the main body of the larger process to form an irregular pattern of contact. In
many cases degenerated myelin ovoids seemed to be completely engulfed in
immunopositive processes (Figs 8, 9, 10).

In immunocytochemical experiments with NCAM, the immunoreaction
product was not discernible in Vibratome sections of optic nerves at the light
microscopic level. This was at least partially explained by the immunostaining
pattern revealed by electron microscopy, where the immunoreaction product
did not form large solid deposits but was mainly shown to delineate astroglial
plasma membranes. In the normal, uninjured optic nerve only part of astroglial
processes displayed its presence. Besides, some scattered minute accumulations
of electron-dense deposits were visible in the outer part of myelin sheaths as
well as within the cytoplasm of astroglial processes (Figs 11, 12). In contrast, in
an injured optic nerve practically all astroglial processes were strongly
delineated by the immunoreaction product along their plasma membranes.
This pertains in particular to the places of junction between astroglial processes
and the outer part of degenerating myelin sheaths. Owing to this, almost every
myelin ovoid was circumscribed by a linear accumulation of the immuno-
reaction product. Moreover, the accumulation of fine granular immunorea-
ction product within thy cytoplasm of astroglial processes seemed to be more
marked as compared to normal conditions (Figs 13, 14). The immunoreaction
product was never observed within myelin ovoids or in structures of the vessel
wall (Fig. 13).

DISCUSSION

The ultrastructural morphology of reactive astrocytes, which appeared in
the area of lesion in “postpumping” myelopathy as well as in cWD, is described
in detail in the first part of this publication (Goncerzewicz 1987). Briefly, these
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are cells with copious cytoplasm, abounding in polyribosomes, well developed
structures of endoplasmic reticulum and Golgi system and also numerous
dense bodies. The most characteric phenomenon concerns the appearance of
bundles of intermediate filaments, not only in broad processes, but also within
perinuclear cytoplasm. This description matched also perfectly the astroglial
morphology in the area around demyelination plaques (mainly in perivascular
position) in crEAE, presented by Raine et al. (1974). In this experimental
model, reactive gliosis is one of the essential features of the pathological
process, besides chronic perivenous inflammation and selective demyelination
(Lassmann et al. 1980).

The obtained cytochemical data on distribution of hydrolytic enzymes in
astrocytes present within the injured white matter provided, in addition to
morphological data, a more complete pattern of metabolic activation of
astrocytes.

A similar pattern of increased activity of various hydrolases in astroglia was
demonstrated previously by Goncerzewicz (1975) and by Wender et al. (1975)
in “postpumping” myelopathy. The presence of large lysosomal structures
containing membraneous, myelin-like material, highly positive for AcP-ase has
been demonstrated, as well as early, focal increase of TPP-ase within the
astroglial cytoplasm. Ultrastructural and histoenzymatic studies on hydrolases
in cWD (Wender et al. 1981) have also shown astroglia as the main cellular
component of injured rabbit optic nerve, displaying increased activity of
AcP-ase and TPP-ase. In particular, the presence of the enzyme reaction
product has been revealed not only in Iysosomes and Golgi cisternae,
respectively, but also within channels of endoplasmic reticulum. The structures
displaying enzymatic activity have frequently been observed within astroglial
processes in close vicinity of degenerating myelin.

As far as enhancement of ATP-ase activity is concerned, we were able to
gather only general histoenzymatical data from the studies of cWD in the optic
nerve of adult (Wender at al. 1981) and developing (Wender et al. 1980) rabbits.
Both studies have shown a relatively early rise of enzymatic activity in reactive
cellular elements. Lantos (1974), demonstrating the simultaneous appearance of
the ATP-ase reaction product in cell membranes and (micro)pinocytic vesicles,
stated that the rise in activity of the enzyme indicates stimulation of
membrane-bound cellular transport.

Although in pathological conditions the exact role of the individual
enzymes under study has not yet been attempted, there is agreement that the
augmentation of the amount of the enzyme reaction product as well as
changes in its distribution are directly related to cellular reactive changes
(Lantos 1974). Moreover, they give evidence of a progressive stage of the cell
alterations (Schiffer 1973) and/or constitute a characteristic feature of cellular
hypertrophy (Wender et al. 1979). The accumulation of hydrolases in reactive
astroglia may influence the integrity of the neighbouring structures within the
injured white matter. Hirsch (1976) expressed this straight forwardly:
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“Hydrolytic enzymes associated with the lysosomes, whose function in the cell
is the digestion of endocytosed macromolecules, must be involved in the myelin
breakdown sooner or later”. More recently, Allen (1983) affirmed that the early
lysosomal response may be target-directed. It may account for the destruction
of the specific antingen not only in the binding site, but also in the immediate
vicinity and, finally, may constitute an important mechanism of myelin
destruction in such conditions as EAE.

One of the hydrolases included in this study, 5-NC deserves special
attention. In the cWD model a very early, although transient, increase of
enzyme activity is observed. The rise of astroglial activity matches exactly the
time when the cells exhibit morphological signs of increased metabolic activity
and their processes are approaching the myelin sheaths which do not yet begin
to break down (Goncerzewicz 1982; 1987). In fact, the accumulation of the
enzyme reaction product has been observed mostly in the region of close
apposition between the outermost part of the myelin sheath and astroglial
processes, penetrating between not yet disrupted myelinated axons. Simulta-
neously, the enzyme reaction product appears within the intracellular
compartments of hypertrophied astrocytes. Such localization is quite unusual
for the ectoenzyme and, therefore, must be interpreted carefully. Only recently,
morphological proof for localization of 5-NC in intracellular membraneous
compartments has been supplied by Kreutzberg and Hussain (1984). It should
be mentioned, however, that even earlier Widnell et al. (1982), by means of
biochemical assays, detected “latent” activity of 5-NC in cultured fibroblasts,
which was present in cytoplasmic vesicles, vacuoles and in the Golgi complex.
On the grounds of their study, the conception of membrane recycling beween
the cell surface and the cytoplasm, advanced by Steiman et al. (1976), seems to
be confirmed.

Applying this view to the simultaneous expression of 5-NC activity in
plasma membranes as well as in intracytoplasmic membraneous compartments
of reactive astroglia in the earliest stages of cWD demonstrated earlier, we may
assume that this phenomenon is not only an unspecific exponent of the reactive
state of these cells. It may be also interpreted as reflecting an increased need for
membrane modification in hypertrophic astrocytes forming new intercellular
connections within the injured white matter. It is known that the product of
hydrolytic action of this ectoenzyme — adenosine, serves as an important
intercellular communication molecule (Amano et. al. 1983), and that expression
of its activity may be related to the degree of cell-to-cell contact (Widnell et al.
1982). Therefore, it is proposed that close astroglial-myelin connections, as
revealed by means of 5-NC enzyme cytochemistry in early stages of the cWD,
may reflect active participation of astrocytes in the process of myelin
disintegration.

Formation of these astroglial-myelin structural connection within injured
white matter has turned out to be most clearly revealed by means of
immunocytochemistry of two glial antigens, GFAP and NCAM. The former is
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generally recognised as the major protein of glial filaments, immunologically
distinct from those of other intermediate filaments and neurotubules (Eng,
DeArmond 1983). The other subclass of macroglia — oligodendrocytes — do
not posses intermediate filaments arranged in bundles and do not contain
GFAP (Eng, 1980; Eng, DeArmond 1983). Much less is known about NCAM,
which is employed in immunocytochemical studies since the early eighties, and
is mostly applied in studies on organotypic cultures. According to Gennarini et
al. (1986), NCAM’s are, in fact, a group of cell surface glycoproteins, involved
in formation of cell-to-cell bonds, particularly those between neural cells. As
they exist in several molecular forms, some may be expressed by cells of
astroglial type.

Immunocytochemical staining has become a powerful tool in pathological
research, as it exhibits a remarkable specificity of immune reactions associated
with high topographical resolution of light or electron microscopy (Pietrusz et
al. 1980). However, immunoperoxidase techniques employed in electron
microscopy may suffer from diffusion artifacts — a dense precipitation of DAB
reaction product may obscure subcellular structures (Eng, DeArmond 1983).
This has not been the case in this study, as most of the cytoplasmic organelles
of reactive astrocytes have been clearly visible. Immunostaining has been
confined only to this type of cells both in GFAP and NCAM assays. No
appearance of immune reaction product has been noted within other elements
of nervous tissue. Some doubts may arise because of the presence of nonlinear
homogeneous staining for GFAP in some astrocytes. However, using the
technique employed in this study (two-step, preembedding immunoperoxidase
method) some authors (Schachner at al. 1977; Eng, Bigbee 1978) have obtained
an indentical appearance of gliofilaments. Moreover, Eng (1980) reported that
positive immunostaining for GFAP in astroglia is both filamentous and
amorphous at the ultrastructural level.

Immunocytochemistry of GFAP, as revealed by the electron micrograph
presented here, has clearly shown a vivid astroglial reaction of hypertrophic
type. Indeed, both perikarya of the cells as well as broad processes emerging
into the parenchyma display considerable amounts of immunoreaction product.
It is known that the distinct increase in immunostaining for GFAP is indicative
of the reactive state of astrocytes in various pathological conditions (Eng 1980;
Ulrich et al. 1983; Munoz-Garcia, Ludwin 1985). In this study of the early
period of cWD, low-power electron micrographs have enabled to visualise yet
another important aspect of astroglial reactive changes, i.e. the presence of
multiple immunopositive processes, which become apposed over the not yet
disrupted axons, embrace them and even engulf them completely. The normal
histological pattern of white matter, where oligodendroglial processes are
apposed to the myelin sheath and astroglial ones separate groups of axons, is
completely altered in this pathological condition. Instead, processes of
hypertrophied astrocytes separate individual axons and seem to form close
structural connections with the outermost part of myelin sheaths. A similar
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phenomenon has been described by Ulrich et al. (1983) in jimpy mutant mice
where GFAP staining disclosed astrocytic gliosis in excess over that observed
in normal littermates. This is in agreement with earlier electron microscopy
studies of Meier and Bischoff (1974), which revealed astrocytic processes
surrounding axons in this model of dismyelination.

Some additional support for observations of the early formation of
astroglial-myelin connections may be also obtained from immunocytochemical
patterns of NCAM within the injured white matter. It has been demonstrated
that in the early period of cWD the regions of close apposition between
digitiform astroglial processes and the outermost part of myelin sheaths
become strongly accentuated by the accumulation of the immunoreaction
product. Although no report is available on NCAM distribution in the
pathology of the central nervous system in vivo, a study of altered expression of
NCAM induced by peripheral nerve injury has recently been published by
Daniloff et al. (1986). The authors found that alterations in morphology result
in dramatic changes of NCAM expression in the injured region. In turn,
Gennarini et al. (1986) conclude their developmental studies on NCAM
expression by the statement: “Changes of NCAM expression have, in part, been
correlated with adhesion properties of the cell”. Therefore, it seems reasonable
to assume that the observed accumulation of the immunoreaction product at
the site of contact between astroglial processes and myelin sheaths is related to
the formation of a novel type of cell-to-cell interactions within the injured white
matter.

In the first part of this publication (Goncerzewicz 1987) dealing with
astroglial morphological changes within injured white matter, the activation of
these cells preceding discernible signs of myelin injury is shown and some
evidence of formation of a close structural relationship between astroglia and
not yet disintegrated myelin is established. In present study, these phenomena
were directly visualized by means of highly specific and reliable techniques of
enzyme cytochemistry and immunocytochemistry. The presence of subcellular
structures displaying the activity of various hydrolases may be observed within
reactive astrocytes, especially within their processes located in close vicinity to
the not yet disintegrated myelin. The subcellular localization of one of these
hydrolases (5'-NC) was highly suggestive as a morphological proof of the
plasma membrane modification of astroglial processes which came into close
contact with myelin sheaths. Moreover, immunocytochemistry of astroglial
specific antigens has revealed accumulation of the immunoreaction product at
the site of contact between reactive astroglial processes and the outermost part
of myelin sheaths, what seems to be indicative of an acquired ability of these
processes to form a novel type of intercellular connections within the injured
white matter. It is, therefore, concluded that in the presented models of
experimental white matter injury myelin disintegration is preceded by
astroglial reactive changes, and that these macroglial cells, by formation of
structural connections with not yet disintegrated myelin, actively participate in
the sequence of events leading to myelin damage.
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ROLA ASTROGLEJU W PROCESACH CHOROBOWYCH PRZEBIEGAJACYCH
Z ROZPADEM MIELINY.
II. CYTOCHEMIA ENZYMOW I IMMUNOCYTOCHEMIA ASTROGLEJU
W DOSWIADCZALNYM USZKODZENIU ISTOTY BIALEJ

Streszczenie

Metodami cytochemii enzymoéw oraz immunocytochemii badano morfologi¢ komorek
astrogleju w doswiadczalnym uszkodzeniu istoty bialej, wywolanym roznorodnymi procesami.
Szczegb6lng uwage zwrocono na zmiany rozmieszczenia enzymow hydrolitycznych oraz swoistych
antygenow w komorkach reaktywnych astrocytow wystgpujacych w strefie zmian podczas
wczesnych stadiow rozpadu mieliny. Wykazano wzrost aktywnosci wszystkich badanych hydrolaz
w obrebie cytoplazmy astrocytow, a ich uwidocznienie w licznych strukturach podkomorkowych
uznano za znamienne dla wzrostu ich aktywnosci metabolicznej. Analiza rozmieszczenia produktu
reakcji 5'-nukleotydazy (5'-NC) w strukturach bloniastych odczynowych astrocytow pozwolita
wysung¢ przypuszczenie, ze jedna z cech charakterystycznych odczynu astrocytarnego w uszkodzo-
nej tkance jest modyfikacja btony cytoplazmatycznej, pozwalajaca wypustkom astrocytarnym na
penetracj¢ przestrzeni migdzy zmielinizowanymi wioknami osiowymi i tworzenie powigzan
strukturalnych z zaczynajaca si¢ rozpada¢ ostonka mielinowa. Uwidocznienie tych powiazan, jak
rowniez dowody na modyfikacj¢ ekspresji antygenowej komorek reaktywngo astrogleju uzyskano,
dzigki badaniom immunocytochemicznym kwasnego biatka wiokienek glejowych (GFAP) oraz
czasteczki warunkujacej przyleganie (adhezj¢) komorek neuronalnych (NCAM), na poziomie
ultrastrukturalnym.

Na podstawie przytoczonych danych wyciagnigto wniosek, Zze wczesna, wyprzedzajaca
dostrzegalne oznaki rozpadu mieliny, aktywacja metaboliczna astrogleju oraz tworzenie przez te
komorki strukturalnych powiazan z zaczynajacymi si¢ rozpada¢ ostonkami mielinowymi, moze
przemawia¢ za aktywnym udzialem astrocytow w lancuchu proceséow doprowadzajacych do
uszkodzenia mieliny w stanach patologicznych osrodkowego uktadu nerwowego.

POJIb ACTOTIJIUU B BOJIEBHEHHBIX IMPOLIECCAX, MPOTEKAIOIUX C
PACITAJZIOM MUEJIMHbBI
II. HUTOXUMUSA DH3UMOB U UMMYHOLIMTOXUMMUS ACTPOI'JIMM B
SKCMEPUMEHTAJIBHOM TMOBPEXJEHUW BEJIOI'O BEHIECTBA

Pe3ome

Mopdonorust acTpOLMTOB B IKCIIEPUMEHTAIBHOM MOBPEX/ICHHH 0€I0oro BeiiecTBa, BbI3BaH-
HOM Da3JIMYHbIMH TPOIECCAMH, MCCIIEA0BAJIACh METOJOM IMTOXUMHH JH3HMOB U UMMYHOLIMXH-
muyeckn. Ocoboe BHMMaHHe ObLIO OOpAIEHO HA W3MEHEHWS B PA3MELICHHWH THIAPOJIMTHYECKHX
9H3MMOB M cCrelu(pHYEeCKHX AHTHICHOB B PEAKTUBHBIX AaCTPOIMTAaX, HAXOIAIMXCS B o4are
M3MEHEHHI B PAHHHX CTaUsAX pacnaja MuesnHbl. KOHCTaTHPOBAaHO yBeMYEHHE aKTHBHOCTH BCEX
MCCEOBAHHBIX TMPOJIa3 B IMTOIUIa3Me acTpouuToB. OOHapyXeHHe rHApOja3 BO MHOXECTBEH-
HBIX CyOKJIETOYHBIX CTPYKTYpaX MPHU3HAHO XapAaKTEPHOM 4epTOl yBeJIHYeHHs HX MeTabomyeckoi
AKTHBHOCTH. AHaJIH3 pa3MelleHHs NIPoayKTa peakin S’-Hykyieotnaassl (5-NC) B MeMOpaHHbIX
CTPYKTYypax PEaKTHBHBIX ACTPOLMTOB JOMYCTHJI MPEANOJIOXKEHHE, YTO OJHOM M3 XapaKTepHBIX
4epT ACTPOIMTAPHON PEaKIHK B MOBPEXKIACHHONW TKaHM SBJIACTCS MOAM(HKAIMS LATOIIA3MATH-
4ecKoM MeMOpaHbl, NO3BOJISAIONIAS ACTPOLUMTAPHBIM OTPOCTKAM TEHETPHPOBATH MPOCTPAHCTBO
MEX /1y MUEJIMHM3UPOBAHHBIMU HEPBHBIMH BOJIOKHAMH H 00pa30BaTh CTPYKTYPHBIE COCTHHEHHS C
pacnajaroiieics MHeTMHOBO#H 0607104Kk0M. Biiarofaps ”MMYHOIIMTOXMMHYECKHM HCCIIEIOBAHHAM
kuciioro 6enka risibHbIX (ubpriur (GFAP) u yacTuisl 00ycIoBIMBAIONIEH ar€3HI0 HEPBHBIX
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kiaetok (NCAM) obHapyXeHO 3TH CTPYKTYPHBIE CHOLLIECHHS, a TaKXe J0Ka3aHO MOAM(PHKALNIO
BbIPAaXXCHHS AHTHITEHA PEaKTHBHBIX aCTPOLMTOB.

Ha ocnose NMPHUBEACHHBIX NAaHHBIX CACJIAHO BBIBOJ, YTO PaHHsAA, ONEpEXarollas BHIAMWMBbIC

TNPH3HAKHK pacniaa MHEJIHHBI, maTabosinyeckas aKTHBALMS aCTpOrJivH, co3jaroiein CTPYKTYPHbIC
COC/IMHCHHUA C pacnaarolniMMUCA MHEIIHHOBBIMH OﬁOHO‘lKaMH, MOXET CBHIETEILCTBOBATH 00
AKTHBHOM Y4YaCTHH aCTPOLMTOB B Mpoleccax, NMPHBOAAILUMX K MNOBPEXACHHIO MHCJIMHBI.
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REMOTE PATHOLOGICAL BRAIN CHANGES IN RATS FOLLOWING
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Experimental studies on the consequences of global ischemia of the central
nervous system due to cardiac arrest and their complex pathogenic mecha-
nisms are of special importance for a better understanding of thouse clinical
cases in which resuscitation procedure results are not limited simply to
restoration of basic life functions but allow the preservation of normal brain
structure and function.

The experimental model of clinical death in rats, induced without
thoracotomy and, therefore, allowing animal survival for the required periods
of time after the experimental procedure, introduced by Korpaczev et al. (1982)
creates particularly advantageous conditions for studying the evolution of
postischemic encephalopathy. Morphological evaluation of cerebral abnor-
malities in this experimental model, performed by Mossakowski et al. (1986)
concerned animals with 10 min cardiac arrest and subsequent survival for
periods ranging from 24 h to 28 days. This period of time covers the
appearance of neuropathological changes resulting both directly from the
ischemic incident itself and from circulatory and metabolic disorders accom-
panying and following restoration of cerebral blood flow.

The present studies aimed at establishing whether the neuropathological
picture observed in remote postresuscitation stages differs from that seen in the
early phases of the pathological process. These differences may be indicative of
further development and evolution of postischemic encephalopathy. In
addition, tissue abnormalities were evaluated in the brains of rats, which
survived 15 min long clinical death of their mother during pregnancy.

MATERIAL AND METHODS

The studies were carried out on adult female albino rats, weighing
160 —170g in which global cerebral ischemia due to cardiac arrest was evoked
according to the method of Korpaczev et al. (1982). Under light ether
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anesthesia of animals, a specially constructed metal hook was inserted
intrathoracically, which compressed the heart vascular bundle against the
sternum. The procedure led in the course of 1.5—2 min to cardiac arrest
followed by cessation of respiration. The cardiac arrest resulted in the course
of 10— 15 sec. in disappearance of the cerebral bioelectric activity, confirmed by
its isoelectric electrocorticographic record (Mossakowski et al. 1986). Follow-
ing 15 min of cardiac arrest resuscitation procedure was introduced. This
consisted in external heart massage carried out till full recovery of spontaneous
heart action, and controlled respiration with air of normal composition inhaled
through a polyethylene tube inserted intratracheally and connected with a
respirator for small laboratory animals. In the above presented experimental
conditions spontaneous heart action was restored in 2 —4 min (average 3 min),
and the respiratory function within 10 to 17 min (average 14 min). The pain
reflexes reappeared at the time from 38 to 45 min (average 42 min) and corneal
reflexes between 55 and 75 min (average 65 min). Directly after resuscitation
the animals were lying with maximally straightened extremities. Increased
muscle tone and tautness of extremities were commonly observed. Gradually
the condition of the animals improved, and 24 h following the ischemic incident
it did not differ from that of animals not subjected to any experimental
procedure. Six months after experimentally induced clinical death the animals
were sacrificed by transcardiac perfusion with 10% neutral formalin solution.
The brains removed from the skull were postfixed in the same formalin solution
and then cut frontally into blocks. Tissue blocks from 3levels of the cerebral
hemispheres, midbrain, pons, cerebellum and medulla were processed routinely
and embedded in paraffin. Paraffin sections were stained with hemato-
xylin-eosin, cresyl violet and according to Kliiver-Barrera’s method.

Brains of 10-week-old progeny of the female rat subjected on the 10th day
of pregnancy to 15-min clinical death (pregnancy was not noticed during
selection of animals for the experiment) were also examined. The material for
histological studies was taken from the same brain areas as in adult animals.
The same histological techniques were applied.

RESULTS

The animals, which survived 6 months following reanimation did not exhibit
any neurological and somatic deficits during the whole period of observation,
except two rats in which body weight was 10 percent lower as compared with
the average for the whole group.

The progeny of the female rat subjected during pregnancy to experimental
clinical death developed normally and showed no differences as compared with
their age mates not subjected to any experimental procedure.

Brains in both experimental groups showed no macroscopic alterations.

Microscopic examination of brains from animals, which survived 6 months
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following clinical death in all cases revealed tissue abnormalities. These varied
considerably in their intensity and extension in individual animals. They
appeared in grey matter structures and took the form of neuronal degeneration
and/or loss, either accompanied by glial reaction or showing no glial response.
In none of the examined animals were present foci of full tissue necrosis.
Macrophage appearance was not a feature. Tissus abnormalities were not
noted in the white matter, except some focal glial proliferation in the direct
vicinity of more extensive areas of neuronal lose in the neighbouring grey
matter structures.

Grey matter alterations consisted in the appearance of shrunken neurons
and cells with changes resembling those typical for what is called chronic Nissl
degeneration or ghost cells. Small holes in places of brokendown neurons,
neuronal rarefaction and widespread areas of neuronal loss were seen. Most
commonly neuronal changes showed no accompanying glial reaction,
however, in some cases a certain astrocytic or astrocytic-microglial reaction
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Fig. 1. Rat with 6 months survival after clinical death. Fronto-parietal cortex. Laminary rerefaction
of nerve cells. Numerous neurons showing features of chronic degeneration. H—E. x 200
Ryec. 1. Szczur z 6 miesigcznym przezyciem po reanimacji. Kora czolowo-ciemieniowa. Warstwowe
przerzedzenie komorek nerwowych. Widoczne rowniez dos¢ liczne neurony o cechach schorzenia
przewleklego. H—E. Pow 200 x
Fig. 2. Rat with 6 months survival after clinical death. Neuronal rarefaction in borderline zone
between vascularization areas of anterior and middle cerebral arteries. Shrunken dark neurons.
There is some glial proliferation. Cresyl violet. x 200

Ryc. 2. Zwierz¢ z 6 mies. przezyciem po reanimacji. Przerzedzenie neuronéw w obszarze
pogranicza unaczynienia tgtnicy moézgu przedniej i Srodkowej. Widoczne obkurczone, ciemne
neurony. Zaznaczone pomnozenie komorek glejowych. Fiolet krezylu. Pow. 200 x
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Fig. 3. Rat with 6 months survival after clinical death. Paramedial segment of CA, sector of
Ammon’s horn. Impairment and loss of pyramidal neurons. Cresyl violet. x 400

Ryc. 3. Zwierz¢ z 6 mies. przezyciem po reanimacji. Przysrodkowy odcinek sektora CA, rogu
Amona. Widoczne zaniki i uszkodzenia neuronéw piramidowych. Fiolet krezylu. Pow. 400 x
Fig. 4. Rat with 6 months survival after clinical death. Paramedial segment of CA, sector of
Ammon’s horn. Severe damage of pyramidal cell layer taking the form of extensive neuronal loss
and degeneration with profuse glial reaction (astrocytic-microglial proliferation and hypertrophy).
H—E. x 200
Ryc. 4. Zwierz¢ z 6 mies. przezyciem po reanimacji. Przysrodkowy odcinek sektora CA, rogu
Amona. Widoczne uszkodzenie warstwy komoérek piramidowych w postaci rozlegltych ubytkow
i zmian neuronalnych z nasilonym odczynem glejowym (astrocytarno-mikroglejowym). H—E.
Pow. 200 x
Fig. 5. Rat with 6 months survival after clinical death. Sector CA,; of Ammon’s horn with profuse
neuronal loss. Strong astrocytic-microglial reaction in the vicinity of dentate gyrus. H—E. x 100
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Fig. 7. Rat with 6 months survival after clinical death. Rarefaction of nerve cells and numerous
degenerated neurons in sector CA, of Ammon’s horn. Increased population of glial cells.
H-E. x 100

Ryc. 7. Szczur z 6 mies. przezyciem po reanimacji. Widoczne przerzedzenie komorek nerwowych
oraz uszkodzone neurony w sektorze CA, rogu Amona. Komoérki glejowe pomnozone. H—E.
Pow. 100 x
Ryc. 8. Szczur z 6 mies. przezyciem po reanimacji. Ubytki i uszkodzenie neuronéw w sektorze CA,
Ammon’s horn with presence of glial reaction. Cresyl violet. x 200

Ryc. 8. Szczur z 6 mies. przezyciem po reanimacji. Ubytki i uszkodzenie neuronéw w sektorze CA,
rogu Amona z zaznaczonym odczynem glejowym. Fiolet krezylu. Pow. 200 x

was present. Its nature and intensity varied, depending on the character and
extensiveness of neuronal damage as well as on the brain structure involved.

In the fronto-parietal cortex, among the population of normal neurons
more or less numerous nerve cells with features of chronic degeneration were
dispersed (Fig. 1). These were concomitant with laminar neuronal rarefaction
(Fig. 2). and perivascular neuronal loss. The latter were more common in the
upper cortical layers (Il —IV) and in borderline zones between vascularization
areas of larger cerebral arteries. Sometimes, the periphery of those microfoci
contained a greater number of altered neurons (Fig. 1). Impaired neurons, both
shrunken and showing features of chronic degeneration, were seen also in the

Ryc. 5. Szczur z 6 mies. przezyciem po reanimacji. Sektor CA, rogu Amona z rozlegtymi ubytkami
neuronéw piramidowych. Wyrazny odczyn astrocytarno-mikroglejowy na pograniczu zakretu
z¢batego. H—E. Pow. 100 x
Fig. 6. Rat with 6 months survival after clinical death. Sector CA, of Ammon’s horn. Numerous
caclified neurons in the pyramidal layer. Increased population of glial cells and abundant light
astrocytes are seen. H—E. x 200

Ryc. 6. Szczur z 6 mies. przezyciem po reanimacji. Sektor CA; rogu Amona. Liczne zwapniale
neurony w warstwie komorek piramidowych. Widoczne pomnozenie komorek glejowych i liczne
jasne komorki gwiazdziste. H—E. Pow. 200 x
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entorrhinal cortex, however, they were present here not so often as in
neocortical structures and did not accompany perivascular neuronal loss and
laminar neuronal rarefaction. The cortical glial reaction was generally weak
and expressed by small aggregations of cells around degenerated neurons,
slight focal cellular proliferation, appearance of hypertrophied astrocytes and
intensified perineuronal satellitosis.

The hippocampal gyrus was involved in all examined animals. The most
common alterations were observed in the CA, sector of the dorsal hippocam-
pus. They were usually limited to its initial portion, where they took the form
of cell rarefaction with no glial reaction and/or neuronal degeneration (Fig. 3).
Sometimes they were expressed as a more extensive loss of pyramidal neurons,
accompanied by astro-microglial response present both in damaged areas and
in their vicinity (Fig. 4). In one animal severe CA, sector damage took the form
of advanced neuronal loss concomitant with calcification of the remaining
nerve cells and intensive astro-microglial proliferation (Fig. 5 and 6). In some
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Fig. 9. Rat with 6 months survival after clinical death. Neuronal loss and chronic degeneration of
nerve cells in sector CA; of Ammon’s horn. H—E. x 200

Ryc. 9. Szczur z 6 mies. przezyciem po reanimacji. Ubytki i przewlekle zmiany neuronalne w
sektorze CA; rogu Amona. H—E. Pow. 200 x
Fig. 10. Rat with 6 months survival after clinical death. Sclerotic neurons in raphe structures.
Increased glial population. Large “empty” astrocytic nuclei resembling naked nuclei. Cresyl violet.
x 200

Ryc. 10. Szczur z 6 mies. przezyciem po reanimacji. Sklerotyczne neurony w strukturach szwu.
Komorki glejowe pomnozone, widoczne rowniez komorki astrocytarne o pustych jadrach,
przypominajace nagie jadra. Fiolet krezylu. Pow. 200 x
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Fig. 11. Rat with 6 months survivale after clinical death. Brain stem. Degenerating nerve cells are
visible, one of them surrounded by glial nuclei. Cresyl violet. x 400

Ryc. 11. Szczur z 6 mies. przezyciem po reanimacji. Pien mozgu. Widoczne wyrodniejace komorki
nerwowe. Jedna z nich otoczona komoérkami glejowymi. Fiolet krezylu. Pow. 400 x
Fig. 12. Rat with 6 months survival after clinical death. Degenerating nerve cells in the brain stem
with glial proliferation surrounding damaged neurons. Cresyl violet. x 400

Ryc. 12. Szczur z 6 mies. przezyciem po reanimacji. Wyrodniejace neurony w pniu mozgu z
widocznym zaggszczeniem gleju wokot uszkodzonych komoérek nerwowych. Fiolet krezylu. Pow.
400 x

cases changes were strictly confined to the CA, sector while in others they
occurred additionally in sector CA, (Figs 7 and 8) and sectors CA, and CA,
(Fig. 9) or in the borderline between sectors CA, and CA,. Usually they were
expressed as disseminated or focal degeneration of pyramidal cells.

The striatum, as a rule, was devoid of larger nerve cells; the remaining ones
showed features of chronic or “severe” degeneration. In some cases the
pathological process involved also small striatal neurous, which were
degenerated and their population seemed to be reduced. Similar changes were
noted in the thalami.

In the midbrain, pons and medulla neuronal abnormalities were more
pronounced that in the cerebral cortex and subcortical structures. Damaged
neurons were seen practically in all structures of the brain stem. As a rule
medium-size and small neurons were more often impaired than the large ones.
The most advanced changes concerned raphe and pontine nuclei, substantia
nigra and inferior olives. In structures of raphe, shrunken, sclerotic neurons
prevailed (Fig. 10). In other nuclear formations there was preponderance of
degeneration of nerve cells accompanied by proliferating glia (Fig. 11),
gemistocytes and cells resembling Alzheimer’s naked nuclei (Fig. 12). Glial cells
were aggregated mostly around disintegrating and/or disintegrated neurons.
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Fig. 13. Rat with 6 months survival after clinical death. Extensive loss of Purkinje cells in cerebellar
lobulus with accompanying proliferation of Bergmann’s glia. H—E. x 100

Ryc. 13. Szczur z 6. mies. przezyciem po reanimacji. Rozlegle ubytki komorek Purkinjego w

w obrebie placika mozdzku z towarzyszacym rozplemem gleju Bergmanna. H—E. Pow. 100 x

Fig. 14. Rat with 6 months survival after clinical death. Widespread loss of Purkinje cells,

remaining show features of severe impairment. Increased glial proliferation in the molecular layer
of cerebellar cortex. Cresyl violet. x 200

Ryc. 14. Szczur z 6. mies. przezyciem po reanimacji. Rozsiane ubytki komorek Purkinjego,
zachowane — wykazuja cechy uszkodzenia. W warstwie drobinowej kory mozdzku pomnozenie
komorek glejowych. Fiolet krezylu. Pow. 200 x

The cerebellar cortex revealed widespread or focal loss of Purkinje cells
(Fig. 13), occurring more commonly on the convexite of gyri than in the sulci
depths. Cerebellar hemispheres seemed more involved than the vermis.
Purkinje cell loss was accompanied by proliferation of Bergmann’s glia or
increased glial population in the molecular layer (Fig. 14). Less often no glial
reaction was observed. Degenerated Purkinje cells were widespread over the
cerebellar cortex, they were more common in the vicinity of their extensive loss.
Cerebellar deep nuclei, mostly the dentate nucleus, showed neuronal and glial
changes similar to those described in brain stem structures.

Tissue abnormalities in brains of animals, which survived the ischemic
incident during intrauterine life, were much less advanced. In the neocortex
single or grouped degenerated neurons were relatively seldom seen (Fig. 15).
The same concerned the hippocampal gyrus and subcortical structures. The
most advanced abnormalities concerned brain stem structures. Most common
was degeneration of neurons accompanied by some glia reaction (Fig. 16).
Widespread degeneration and loss of Purkinje cells in the cerebellar cortex
were relatively infrequent findings.

http://rcin.org.pl



Postresuscitation encephalopathy 159

- . » - » - a ST oA
1570 %" o Come "', . WL ".‘A?E
. ol "’j.‘w » 3:“ L SR “
¢ ® ¥ ? f e d; “‘bi' A8 .
» " 1 . . ‘0 é :
L

Fig. 15. Rat which survived 15-min clinical death of mother during intrauterine life. Hyper-
chromatic neurons with obliterated structure widespread single and in groups in fronto-parietal
cortex. Cresyl violet. x 200

Ryc. 15. Szczur, ktory przezyt $mier¢ kliniczng matki w okresie ptodowym. Nadbarwliwe neurony
o zatartym obrazie strukturalnym, rozsiane pojedynczo oraz w niewielkich skupieniach w korze
czolowo-ciemieniowej. Fiolet krezylu. Pow. 200 x
Fig. 16. Rat which survived during intrauterine life 15-min clinical death of mother. Damaged
neurons, proliferation of glial cells and their aggregation arround impaired nerve cells. Cresyl
violet. x 400

Ryc. 16. Szczur urodzony przez samicg, ktora w okresie cigzy przezyla 15 min $mier¢ kliniczna.
Widoczne uszkodzone neurony, pomnozenie gleju komoérkowego i skupienie si¢ komorek
glejowych wokot uszkodzonych neuronéw. Fiolet krezylu. Pow. 400 x

DISCUSSION

The above presented results indicate that rats which survived 6 months
following experimentally induced clinical death, developed cerebral abnor-
malities which can be named postresuscitation encephalopathy. Despite of long
duration of global brain ischemia, applied in our study, the intensity of cerebral
lesions was relatively slight, for instance foci of full tissue necrosis were not a
feature in any of the animals examined. This phenomenon can probably be
connected with a relatively high resistance of the central nervous system in rats
to the damaging influence of hypoxia and ischemia, this being known from
numerous other experimental studies. This fact finds its confirmation in the
relatively slight advancement of brain pathology in our material as compared
with other animal models of global brain ischemia (Zaren et al. 1970; Snyder et
al. 1975; Safar et al. 1976; Nemoto et al. 1977).

Evolution of cerebral structural lesions in the postresuscitation syndrome
was biphasic in early stages of pathological process (Mossakowski et al. 1986).

3 — Neuropatologia Polska 2/88
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The first phase was characterized by appearance of nonspecific neuronal
changes spread throughout the central nervous system. Some of them were
reversible with all probability. Reversible neuronal lesions were noticed in
numerous experimental conditions. Klatzo (1985) pointed out the reversibility
of ischemic neuronal changes in the ,,penumbra” areas. According to Ito et al.
(1975) and Bubis et al. (1976) during ischemia in some structures of the central
nervous system there appear characteristic neuronal changes, morphologically
similar to axonal nerve cell degeneration, which are totally reversible. The
occurrence of reversible neuronal alteration can explain the greater extensi-
veness of nerve cell changes observed in the early stage of postresuscitation
encephalopathy as compared with its further phases characterized by neuronal
loss and degeneration; the latter showing typical topographic selectiveness
(Mossakowski et al. 1986) and dynamics dependent on the principles of what is
called maturation phenomenon (Klatzo 1975).

In our material concerning brains of rats with long postresuscitation
survival, tissue structural abnormalities showed an obvious lack of uniformity
and simultaneity. Some of them can be considered as resulting directly from
ischemia and both vascular and metabolic disturbances occurring immediately
after restoration of the cerebral blood flow. This group of changes is
represented by focal selective necroses in the neocortex and hippocampal
gyrus, both lacking glial reaction and accompanied by astrocytic or
astro-microglial response of varying intensity, perivascular neuronal loss in the
cerebral cortex, rarefaction and neuronal loss in the borderline zones between
vascularization areas of larger cerebral arteries, disintegration of larger striatal
neurons and presence of atrophic nerve cells. Focal loss of Purkinje cells is also
probably connected with this stage of the pathological process.

The second feature of the neuropathological picture consists in the presence
of degenerating nerve cells widespread in the brain stem structures, cerebellar
and cerebral cortex and in subcortical formations of brain hemispheres. The
appearance of these changes concomitant with glial reaction is indicative of an
active, slowly progressing pathological process. The mechanism of this
phenomenon is unknown. Safar (1986) suggests that development of
postresuscitation brain pathology is connected with functional insufficiency of
internal body organs, with secondary additional damage to the cen-
tral nervous system. The damaging influence may be exerted by toxic
substances liberated from the abnormally functioning liver and/or kidneys as
well as by endotoxins or aminoacids absorbed from ischemically altered
intestinal walls. This hypothesis may find support in observations indicating
that damage to the central nervous system in the case of experimentally
induced cardiac arrest is more severe than that occurring under conditions of
isolated brain global ischemia. Participation of immunopathological mecha-
nisms in the development of postresuscitation brain pathology should also be
taken into consideration. In the same experimental model, Mossakowski and
Krajewski (1988) showed progressive accumulation of antineuronal antibodies
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in the blood sera of resuscitated animals. These antibodies may be involved in
the appearance of late degeneration of nerve cells in the central nervous system.
Data concerning the immunopathological mechanism of neuronal loss in the
ageing brain support this concept (Nandy 1982).

The brain abnormalities in rats, which survived during intrauterine life,
clinical death of their mother, were very slight. The most advanced changes
concerned brain stem formations. These observations confirm a well known
fact concerning the relatively low sensitivity of the immature central nervous
system to hypoxia. On the other hand, they are in agreement with data
indicating the greatest intensity of hypoxic lesions in those structures of the
central nervous system which at the time of action of the damaging factor(s)
show the most advanced degree of development, and thus, the greatest
sensitivity to the noxious influence (Myers 1977).

POZNE ZMIANY PATOMORFOLOGICZNE W MOZGACH SZCZUROW PO
PRZEBYTEJ SMIERCI KLINICZNEJ

Streszczenie

W badaniach patomorfologicznych moézgow zwierzat, ktore przezyly okres 6 miesigcy po
wywotlanej doswiadczalnie 15 min $mierci klinicznej stwierdzono, iz obok zmian, ktére mozna
traktowa¢ jako bezposrednie nastgpstwo epizodu niedokrwiennego mimo ich ujawniania si¢ ze
zréznicowana latencja czasowa, wystgpuja nieprawidlowosci tkankowe $wiadczace o aktywnie
postepujacym procesie zwyrodnieniowym. Uzyskane wyniki wskazuja, ze encefalopatia poreanima-
cyjna ma charakter procesu, w ktorym na uszkodzenia zwiazane z incydentem niedokrwiennym
nakladaja si¢ zmiany wtorne, rozwijajace si¢ na podlozu zaburzen zapoczatkowanych przez
niedokrwienie, by¢ moze o charakterze immunopatologicznym.

Zmiany u zwierzat, ktore przezyly incydent niedokrwienny w zyciu ptodowym byly mniej
nasilone i dotyczyly przede wszystkim struktur pnia mozgu. Potwierdza to mniejsza wrazliwosc¢
niedojrzatego ukladu nerwowego na niedotlenienic i lokalizacj¢ uszkodzen w strukturach o
najbardziej zaawansowanym dojrzewaniu w momencie zadzialania czynnika patogennego.

[MO3/IHUE TTATOMOP®OJIOTMYECKUE U3MEHEHUS B MO3I'AX KPbIC TOCJIE
MNEPEHECEHHOM 15-MUHYTHOMN KJIMHUYECKOW CMEPTU

Pe3ome

B natoMop(hoJIOrHYeCKHX WCCIEOBAHMSX MO3IOB JKHBOTHBIX, KOTOpBIE MNpPOXWIH 6
MeCSMHBIA NEePHO/ 1oce | 5-MHHYTHOM KJIMHHYECKOH cMepTH 0OHAPYXKEHO, YTO KPOME H3MEHEHMIA,
KOTOpbIE MOXHO 00CYXJaTh KaK HENOCPEJCTBEHHOE MOCJIE/CTBHE HILIEMHYECKOro 3MU30/a,
HECMOTpSI HAa MX MOSBJEHUE B PA3HOM TMECPHOJIEC, BBICTYNAKOT TaKXKe TKAHEBbIE HAmylICHHS,
CBHIIETEJILCTBYIOIIME 00 aKTHBHO TMPOrPECCHPYIOIEM JiereHepalMOHHOM mporiecce. ITonmyuennbie
pe3y bTaThl MOKA3bIBAKOT, YTO MOC/EPEAHHMALMOHHAS JHIEDANIONAaTHsS SBJISETCS NMPOLECCOM, B
KOTOPOM Ha, CBSI3aHHbIE C MHUMICHTOM HILEMHH, TOBPEXKICHUS HAKJIAJbIBAIOTCS BTOPHYHbIC
W3MEHEHUs. DTH BTOPHYHBIC H3MEHEHUS, Pa3BHBAIOTCA Ha OCHOBE HApYILEHWH, HA4YaThIX HILIEMHEH
M SBJISIOTCS, BEPOSTHO, MPOSBJICHHEM HMMYHOIATOJIOMHYECKOrO Tpolecca.
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Y XHBOTHBIX, KOTOPbIE MIPOXHIIN U301 HILIEMHH BHYTPUYTPOOHO, H3MEHEHHs ObLIM MeHee

MHTEHCHBHBI H KAaCAJIMCh TIPEX/IE BCEro CTPYKTYP MO3rOBOIO CTBOJIA. DTO NMOATBEPXKAACT MEHbBIIYIO
YYBCTBUTEJIbHOCTh HE3PEJION HEPBHOM CHCTEMBI M JIOKAJIM3ALMIO TOBPEX/ICHHWH B CTPYKTypax,
HauboJiee TMPOJBUHYTBIX B CO3PEBAHHH BO BpEMs JICHCTBHS MOBpEXJAaroliero (akropa.

11.

12.

13.

14.
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Appearance of antibrain antibodies or autoantibodies directed against
specific cerebral antigens in the blood sera were described in quite a number of
neurological diseases. The richest information concerns immunopathological
processes accompanying brain ageing both in human subjects -and in experi-
mental animals (Ingram et al. 1974; Nandy 1975; Nandy et al. 1975; Makindan
1976; Redie et al. 1979; Cohen, Eisdorfer 1980; Goodwin et al. 1982). The
increasing with age content of blood antineuronal antibodies underlies Nandy’s
concept on the immunopathological mechanism of brain ageing (Nandy 1982).
In recent years a number of data have appeared concerning accumulation in
blood of antineurofilament antibodies in those neurological diseases in which
abundant neuronal breakdown in the central nervous system taken place
(Bahmanyar et al. 1984, 1985; Stefansson et al. 1985; Toh et al. 1985). Karcher
et al. (1986) in their rich clinical meterial found an enhanced level of
antineurofilament antibodies in 24 percent of cases with cerebrovascular
accidents. The same phenomenon was observed'in cerebral trauma. Recently
Ganushkina and Lebiedieva (1987) described immunological abnormalities,
accompanying chronic hypertonic encephalopathy.

This inclined us to perform some experimental studies on the immuno-
pathological reaction resulting from severe cerebral ischemia. It seemed even
more justified as there exist some suggestions concerning the possible
participation of immunological mechanisms in the pathogenesis of post-
-ischemic encephalopathy. The prerequisite for these studies was an appropria-
te experimental model ensuring severe enough cerebral ischemia and suffi-
ciently long subsequent survival of animals.

MATERIAL AND METHODS

The experiments were performed on adult, male albino rats weighing ca 180 g,
in which clinical death was induced according to the method described by
Korpaczev et al. (1982). Compression of the heart vascular bundle by a special
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hook, inserted into the thorax, led in the course of 1.5 to 2 min to complete
cardiac arrest and cessation of respiratory function, lasting till resuscitatory
management was undertaken. In the case of our experiments this was done
after either 10 or 15 min of complete cessation of brain bioelectric activity.
Following resuscitation, which included external heart massage and controlled
respiration, the experimental animals survived for 6 and 24 hrs, 3, 7, 14 and 28
days as well as 6 months. Their age mates, not subjected to any experimental
precedures formed the control group.

The brains of control and experimental animals were examined histologi-
cally and immunomorphologically. Histology was done on paraffin sections
stained with hematoxiline-eosine and according to the Kliiver —Barrera’s
method. Immunomorphology included immunoreactions for host blood
proteins, albumins and IgG performed by the peroxidase-anntiperoxidase
technique as indicators of the blood-brain-barrier state and immunostaining of
glial fibrillary acidic protein (GFAP) — to reveal the astrocytic response.

The blood sera of control and experimental animals, sacrificed at the end of
the previously mentioned survival periods were collected and characterized by
the immunofluorescent technique. Cryostat sections of normal rat brains, liver
and kidney after 1 hour of PBS elution were fixed in cold acetone and then
preincubated with goat antibodies against rat immunoglobulins in order to
block the remainig host immunoglobulin reactivity. Then sera of experimental
and control rats dilluted within the range 1:4 to 1:40, and occasionally 1:80,
were put on the appropriate organ section. The immune reactions were
visualized by subsequent incubation first with rabbit anti-rat IgG and then
sheep antirabbit-immunoglobulins-FITC. Absorption of the examined sera
with lyophilised brain and powdered liver tissues were run in order to check
the organ-specificity of the reaction. Immunohistochemistryswith mouse and
gerbil brain cryostat sections controlled its species-specificity.

RESULTS

Histological examination* revealed in the early postischemic period
widespread moderate neuronal degeneration, appearing in various structures of
the central nervous system prevailing especially in the cerebral and cerebellar
cortex and basal ganglia. However, degeneration was also present in areas
relatively resistant to ischemic damage, such for instance as substantia nigra,
some nuclei of reticular formation and cranial nerves. Degeneration appeared
either in the form of tigrolysis, leading to the pictures described in classical
neuropathology as acute neuronal swelling or as typical ischemic neuronal
changes (Fig. 1). Purkinje cells showed characteristic homogeneous degenera-
tion. Features of neuronal loss appeared starting from the third postischemic

*Detailed histopathological data have been previously described in papers by Mossakowski et
al. (1986) and Zelman and Mossakowski (1988).
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Fig. 1. Experimental animal. 10-min clinical death with 24-h survival. Ischemic dark neurons in the
cerebral cortex. H—E. x 400

Ryc. 1. Zwierzg doswiadczalne. 24 godz. przezycia po 10 min $mierci klinicznej. Typowe zmiany
niedokrwienne neuronow kory mozgu. H—E. Pow. 400 x
Fig. 2. Experimental animal with 10-min clinical death and 7-day survival. Neuronal loss with
accompanying glial proliferation in dorsal hippocampus (Ammon’s horn sector CA,). H—E. x 60
Ryc. 2. Zwierz¢ do$wiadczalne. 7 dni przezycia po 10-min $mierci klinicznej. Rozlegly ubytek
neurondw z towarzyszaca proliferacja gleju w grzebietowej czesci zakretu hipokampa (sektor CA
rogu Amona). H—E. Pow. 60 x
Fig. 3. Experimental animal with 15-min clinical death followed by 6-month survival. Enlarged
astrocytic nuclei (arrows) resembling Alzheimer ceils type II and small groups of glial nuclei,
probably replacing neuronal perikarya. H—E. x 900
Ryec. 3. Zwierzg doswiadczalne. 6 miesigcy po przezyciu 15 min $mierci klinicznej. Pojedyncze
powigkszone jadra astrocytarne (strzalki) przypominajace komorki Alzheimera typu Il oraz
drobne skupienia jader glejowych prawdopodobnie w miejscach zaniktych komorek nerwowych.
H—E. Pow. 900 x
Fig. 4. Experimental animal with 10-min clinical death followed by 28-day survival. Astrocytic
proliferation and hypertrophy localized subependymally and in the area of brokendown pyramidal
neurons of Ammon’s horn. GFAP. x 100
Ryc. 4. Zwierzg doswiadczalne. 28 dni przezycia po 10-min $mierci klinicznej. Rozplem i przerost
astrocytow w warstwie podwysciotkowej oraz w warstwie rozpadlych komorek piramidowych
rogu Amona. GFAP. Pow. 100 x
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Fig. 5. Experimental animal with 10-min clinical death followed by 24-h survival. Perivascular
“accumulation of blood albumin in the molecular layer of hippocampal gyrus. PAP reaction. x 100
Ryc. 5. Zwierz¢ doswiadczalne. 24 godz. przezycia po 10-min $mierci klinicznej. Okotonaczyniowe
nagromadzenie albumin surowicy krwi w warstwie drobinowej zakretu hipokampa. PAP.
Pow. 100 x
Fig. 6. Experimental animal with 10-min clinical death followed by 24-h survival. Diffuse inbibition
of periventricular structures, most pronounced in hippocampal formation, with blood serum
albumin. PAP. Magnif. glass
Ryc. 6. Zwierz¢ doswiadczalne. 24 godz. przezycia po 10-min $mierci klinicznej. Rozlana inbibicja
struktur okotokomorowych, najsilniejsza w rogu Amona, albuminami surowicy krwi. PAP. Pow.

] lupowe

Fig. 7. Experimental animal with 10-min clinical death followed by 3-day survival. Diffuse

infiltration of the brain stem grey structures with blood serum proteins. PAP. x 10
Ryc. 7. Zwierze¢ do$wiadczalne. 3 dni przezycia po 10-minutowej $mierci klinicznej. Rozlana
inbibicja szarych formacji pnia mozgu biatkami surowicy krwi. ®AP. Pow. 10 x
Fig. 8. Experimental animal with 10-min clinical death followed by 24-h survival. Large neurons of
reticular formation revealing positive immunochemical reaction for blood serum proteins.
PAP. x 200
Ryc. 8. Zwierzg doswiadczalne. 24 godz. przezycia po 10-min $mierci klinicznej. Duze neurony
formacji siatkowatej pnia moézgu wykazujace dodatni odczyn na bialka surowicy krwi.
PAP. Pow. 200 x
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day and were localized first of all in typical selectively vulnerable areas such as
the hippocampus (Fig. 2), ganglion cell layer of cerebellar cortex, 3rd
neocortical layer and striatum. Borderline zones of the cerebral cortex were
also the sites of severe changes. The intensity of neuronal loss increased
remarkably with time in the whole postischemic period. It was much more
severe in animals sacrificed 6 months after clinical death than in those killed 4
weeks afterwards. It involved also much greater areas than those of neuronal
degeneration observed in early postischemic stages. Early postischemic stages
were also characterized by severe rarefaction of the cerebral white matter; this
was accompanied by features of acute swelling of oligodendrocytes.

The glial reaction consisted in the appearance of naked astrocytic nuclei,
resembling those of the Alzheimer cells, type II; this being a rather early feature
(Fig. 3). Intensive proliferation and hypertrophy of astrocytes localized mostly,
but not exclusively, in areas of severe neuronal loss (Fig. 3 and 4) appeared
later. In some cases mixed astrocytic-microglial nodules were present. Hemato-
genous cellular reaction was not a feature at any period of postischemic
pathology.

Immunohistochemical reactions, for characterising brain barrier systems
revealed perivascular tissue infiltration with serum proteins. This was
particularly significant in the hippocampal gyrus (Fig. 5), molecular layer of
cerebellar cortex and in extensive areas of the brain stem structures. Here, and
particularly in the direct vicinity of the ventricular walls, the brain parenchyma
was diffusely infiltrated with substances giving a positive reaction for whole
serum proteins as well as for albumin and IgG (Figs 6 and 7). The above
changes were present exclusively in the early postischemic period, that is they
occurred in animals sacrificed 6 and 24 hrs 3 days following clinical death.
They disappeared thereafter. In addition pyramidal cells of Ammon’s horn,
some of Purkinje cells and numerous neurons of the brain stem accumulated
blood proteins in their cytoplasm (Fig. 8).

Table 1. Immunofluorescent test: affinity of sera to different organs (in brackets number of animals
examined)
Tabela 1. Test immunofluorescencyjny: powinowactwo surowic do réznych narzadéw (w nawia-
sach liczba badanych zwierzat)

Experimental animals — Survival groups

Control , " s
pra aniiis Zwierzeta doswiadczalne — Czas przezycia
Narzad fwrerzleta 6h 24h 3 days 7 days 14 days 28 days 6 months
ontrolne godz godz dni dni dni dni miesigcy
Brain
Sibie 04 03 03 03 33 203 24 4
Liver
sl 2 @) 103) 203 1(3) 3 (3) 203 13 2 (6)
Kidney
Nerki 14 0 (3 1) 1 (3) 203 1(3) 13 1(6)

http://rcin.org.pl



168 M. J. Mossakowski, S. Krajewski

Fig. 9. Strong immunofluorescence of myelin sheaths in normal rat white matter with blood serum
of experimental animal, which survived for 6 months clinical death of 15 min duration. Serum
dilution 1:40. x 150

Ryc. 9. Silna immunofluorescencja ostonek mielinowych istoty bialej szczura w reakcji z surowica
zwierzecia doswiadczalnego, ktore przezylo 6 miesigcy po 15 min $mierci klinicznej. Miano
surowicy 1:40. Pow. 150 x

Fig. 10. Strong immunofluorescence of glial cells of Ammon’s horn in rat with blood serum of
experimental animal which survived for 28 days clinical death of 10 min duration. Serum dilution
1:40. x 500

Ryc. 10. Silna immunofluorescencja komorek glejowych w rogu Amona szczura z surowica
zwierzecia doswiadczalnego, ktore przezylo 28 dni po 10 min $mierci klinicznej. Miano surowicy
1:40. Pow. 500 x

Sera of control animals and those of experimental ones up to the 7th
postischemic day were negative as far as the immunofluorescent reaction with
brain tissue was concerned, although there their reaction was positive with liver
and/or kidney (Tab. 1). The earliest immunological reaction with brain was
observed in the case of sera, obtained from animals sacrificed on the 7th
postischemic day. Positive immunofluorescence concerned different compo-
nents of brain tissue. Alongside with neuronal reaction, immunofluorescence
involved myelin and glial cells, mostly astrocytes (Figs 9, 10). In some, rare
cases the diffuse immunofluorescence reaction concerned the brain tissue as a
whole, without possibility to distinguish its particular structural elements. It is
worth mentioning that this reaction was usually accompanied by strong positive
immunofluorescence in hepatocytes and in epithelium or basement membrane
of renal canaliculi.

The intensity of immunological reaction with structural components of the
brain tissue, in particular that with neurons increased steadily in subsequent
postischemic time intervals, reaching its highest degree in sera of animals
sacrificed 6 months following clinical death (Tab. 2). In that group in 4 of 6
animals strong neuronal immunofluorencence, indicating the presence of
antineuronal antibodies, was observed when serum dilution was 1:80 and
higher.
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Fig. 11. Immunofluorescence of rat cerebral certex with blood serum of the experimental animal
which survived for 6 months clinical death of 15 min duration. Serum dilution 1:80. x 100
Ryc. 11. Dodatni odczyn immunofluorescencyjny komorek kory mozgu szczura z surowica
zwierzgcia do$wiadczalnego, ktore przezylo 6 miesigcy po 15 min $mierci klinicznej. Miano
surowicy 1:80. Pow. 100 x
Fig. 12. Higher magnification of picture shown in Fig. 11. Immunofluorescence restricted to
neuronal cytoplasm. x 400
Ryc. 12. Wigksze powigkszenie fragmentu ryc. 11. Zwraca uwag¢ ograniczenie odczynu
immunofluorescencyjnego do cytoplazmy komorek nerwowych. Pow. 400 x
Fig. 13. Immunofluorescence reaction in hippocampal structures with blood serum of experimental
animal which survived for 6 months clinical death of 15 min duration. x 60
Ryc. 13. Dodatni odczyn immunofluorescencyjnej formacji hipokampa z surowica zwierzecia
doswiadczalnego, ktore przezylo 6 miesigcy po 15-min $mierci klinicznej. Pow. 60 x
Fig. 14. Higher magnification of a fragment from Fig. 13. revealing strong immunofluorescence of
Ammon’s horn pyramidal neurons. Serum dilution 1:80. x 400
Ryc. 14. Wigksze powigkszenie fragmentu ryciny 13. Widoczny zywy odczyn immunofluorescencyj-
ny w neuronach piramidowych rogu Amona. Miano surowicy 1:80. Pow. 400 x
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Table. 2. Immunofluorescent test: reaction with different structural elements of the central nervous
system (in brackets — number of animals)

Tabela 2. Test immunofluorescencyjny: odczyn z réznymi elementami strukturalnymi osrodkowego
ukladu nerwowego (w nawiasach — liczba zwierzat)

Experimental animals — Survival groups
R Control i 3% i
Tissue . Zwierzeta doswiadczalne — Czas przezycia
animals
element Zwierzet
Struktura kw16rzl¢ ol 24 h 3 days 7 days 14 days 28 days 6 months
tkankowa om;o e godz  godz dni dni dni dni miesigcy
80, AR O iy RO o ©)
Myelin
— - — - - 2
Mielina ++ 1) + 1) ++ (2
Astrocytes
. P 2, 1 & 1 ;
Astrocyty t+ 0 ri A
Neurons
— - - - 1 4
Nidirony + @ ++@) ++@1) +++ @

Fig. 15. Immunofluorescence reaction in the cerebellar cortex with blood serum of an experimental
animal, which survived 15-min clinical death for 6 months. Note positive reaction in a narrow rim
of granular neurons cytoplasm and in Purkinje cells. Serum dilution 1:80. x 200
Ryc. 15. Dodatni odczyn immunofluorescencyjny w strukturach kory mézdzku z surowica zwierzat
doswiadczalnych, ktore przezyly 6 miesigcy po 15-min $mierci klinicznej. Fluorescencja wystepuje
w cytoplazmie ziarnistych neuronéw i komorek Purkinjego. Miano surowicy 1:80. Pow. 200 x

Fig. 16. Immunofluorescence reaction in the cytoplasm of giant neurons from brain stem reticular
formation. Experimental conditions as above. x 800

Ryc. 16. Dodatni odczyn immunofluorescencyjny olbrzymich neuronéw tworu siatkowatego pnia
moézgu: Warunki doswiadczalne jak wyzej. Pow. 800 x
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The topographic distribution of neuronal immunofluorescence was
relatively constant in all experimental groups. The intensive specific IF was
seen first of all in neocortical neurons (Fig. 11) mostly those of pyramidal type
(Fig. 12). Basal ganglia, in particular striatum, were the permanent site of
strong neuronal immunofluorescence. So were pyramidal cells of Ammon’s
horn (Fig. 13). Here, at higher magnification, one could easily see the glial cells
remained totally negative (Fig. 14). In the cerebellum the strongest IF reaction
was present in the granular cell layer, it was somewhat weaker in Purkinje cells
(Fig. 15). In the brain stem the immunohistochemical reaction was less intense
than in cortical structures, although it was present in large neurons of the
reticular formation (Fig. 16).

The absorption test performed with lyophilized rat brain tissue abolished
totally the neuronal IF reaction and partially reduced that of the whole brain,
showing no noticeable influence on the immunoreaction of the examined
internal body organs. Contrary to that, absorption with powdered rat liver left
neuronal IF unchanged, slightly reducing only that of the whole brain and
significantly or totally abolishing immunofluorescence of both liver and kidney.

The immunofluorescence reaction of the sera from experimental animals
was also positive with neurons of mouse and gerbil brains.

DISCUSSION

The results presented above indicate that experimentally induced clinical
death, accompanied by subsequent, progressive widespread breakdown of
neurons of the central nervous system evokes an immunological reaction
appearing in the postresuscitation period. This taken the form of production of
antibodies directed against structural elements of the nerve tissue and those of
the internal body organs.

With all probability the immunological response concerns different types of
brain antigens, as indicated by the appearance of immunoreaction with a
number of structural components of the central nervous system such as
neurons, astrocytes and meylin. However, the frequency and intensity of the
neuronal immunofluorescence reaction suggest prevalence of response to
neuronal antigen or antigens, the nature of which remains to be elucidated. In
the light of recent literature data (Bahmanyar et al. 1984; 1985; Stefansson et al.
1985; Karcher et al. 1986) confronted with the neuropathology of our material,
concerning mostly neuronal damage, it seems justified to suppose that protein
components of neurofilaments are the most probable antigens involved. The
appearance of antibodies directed against other neural and/or glial compo-
nents of the brain seems natural. However, it is worth mentioning that their
presence was less common and constant than that of antineuronal ones, as less
frequent were histologically dedectable abnormalities of myelin or glial cells,
mostly oligodendrocytes. Anticerebral autoantibody appearance was preceded
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and accompanied by formation of antibodies directed against internal body
organs such as liver and kidneys, what seems understandable in the case of
generalized severe ischemia resulting from cardiac arrest. These antibodies
might be common with some of the anticerebral ones, especially those expressed
by generalized diffuse immunoreaction with brain tissue with no clear cellular
connections. This type of reaction was reduced both by absorption with
lyophilized brain tissue and acetone-powder of rat liver. However, the time
sequence of antineuronal antibodies appearance and results of absorption tests
speak strongly in favour of their full organ-specificity. On the other hand the
positive immunoreaction of experimental sera with normal brain neurons of
mice and Mongolian gerbils indicates their species non-specificity. This might
be a supportive argument for neurofilaments or their components as being the
main antigen evoking the observed immunological response (Stefansson et al.
1985; Toh et al. 1985).

There exist two factors making possible contact of brain tissue antigens
with the immunological system, resulting in specific antibodies formation. The
first is widespread neuronal damage in the central nervous system, although
less severe than in other animals in analogous or similar circulatory
abnormalities (Pluta 1982; Kapuscinski, Mossakowski 1983). The tissue
abnormalities observed in our material in the early postresuscitation period
took the form of nerve cell degeneration, of various nature, while starting from
the third postischemic day destruction of the cerebral neurons was obviously
prevailing. One has to point out, however, the great individual variation in the
intensity and extension of neuronal alterations (Mossakowski et al. 1986), this,
among other things may be reflected in the differences in antibody production
observed in the material under study. The second factor involyed in the
discussed phenomena was damage of the encephalic barrier systems, as
indicated by the leakage of serum proteins, and their particular components
such as albumins and IgG into the cerebral parenchyma. The pathological
features observed suggested that in addition to the damaged permeability of
the cerebral blood vessels, manifested by extravasation of proteins into their
direct surroundings, we were dealing with alterations of other barrier systems
such as the blood-cerebrospinal fluid barrier, the function of which is
connected with the choroid plexus. Their impairment is suggested by diffuse
tissue imbibition with serum proteins along the ventricular walls. The latter
phenomenon indicates moreover an increased penetration of proteins from the
cerebrospinal fluid through the ventricular walls. All the above presented
features are rather early events, occurring within the range between 6 h and 7
days of the postischemic period. Despite their relatively short duration, they
cover the time of nerve cell degeneration and the early stages breakdown. It is
worth mentioning that at that time marked changes in the permeability of cell
membranes of morphologically unchanged neurons appeared. This was do-
cumented by accumulation of serum proteins in their cytoplasm.

The other problem requires a short discussion. It is the progressive nature
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of nerve cell damage occurring during the whole postresuscitation period
(Mossakowski et al. 1986). The intensity of neuronal loss observed in animals
sacrificed 6 months after clinical death was much more advanced, as compared
with that in animals with shorter survival periods. So was extension and
distribution of tissue alterations (Zelman, Mossakowski 1988). The question
arises, what is the pathogenetic mechanism of those protracted and progressive
pathological events. One of a number possibilities is that the immunopatholo-
gical processes, connected with the appearance of circulating antineural
antibodies may be involved in the development of postresuscitation ence-
phalopathy. Such a mechanism has been suggested for neuronal loss connected
with brain ageing (Makinodan 1976; Redei et al. 1979; Cohen, Eisdorfer 1980;
Goodwin et al. 1982; Nandy 1982). Acceptance or rejection of such a
patogenic mechanism for the progressive in nature postischemic encephalopathy
thy requires numerous further studies.

PRZECIWCIALA ANTYNEURONALNE W SUROWICY KRWI SZCZUROW
PODDANYCH CALKOWITEMU NIEDOKRWIENIU MOZGOWIA

Streszczenie

Stwierdzono, ze w surowicy krwi zwierzat, ktore przezyly 10 lub 15 minutowa doswiadczalna
$mier¢ kliniczna, pojawiaja si¢ przeciwciala dajace dodatni odczyn immunologiczny z elementami
strukturalnymi tkanki nerwowej takimi jak astrocyty, mielina oraz komorki nerwowe. Pojawialy
si¢ one od 7 dnia po niedokrwieniu, a ich miano, w szczegélnosci przeciwcial antyneuronalnych,
narastalo do 6 miesi¢cy po niedokrwieniu. Obecnos¢ przeciwcial antyneuronalnych byla zjawi-
skiem najbardziej stalym, a dodatnia reakcja immunologiczna dotyczyla neuronéw kory mozgu,
rogu Amona, kory mo6zdzku i jader pnia moézgu. Odczyn miat charakter narzadowo-swoisty przy
braku swoistosci gatunkowej. Kontaktowi antygenow tkanki nerwowej z ukltadem immunologicz-
nym sprzyjal rozpad komorek nerwowych OUN wspolprzebiegajacy z uszkodzeniami bariery
krew —mozg, stwierdzonymi metodami immunochemicznymi.

[MPOTUBOHEBPOHAJIBHBIE AHTUTEJIA B CBIBOPOTKE KPOBU KPhIC,
MOJABEPITHYTHIX OBIIEA MO3IrOBOM UIIEMWUU

Pe3ome

OGHapyXEHO, 4TO Y KUBOTHBIX, KOTOPbIC MPOXKWIN 10-TH UAK |5-TH MUHYTHYIO 9KCNIEPUMEH-
TaJbHYIO KJIMHUYECKYIO CMEpTb, MOSBISAIOTCS B ChIBOPOTKE KPOBH AHTHTENA, BbI3bIBAKOLIKE
TIOJIOKHTENbHY IO HMMYHOJIOTHYECKYIO PEAKILHIO CO CTPYKTYPHBIMHM JJIEMEHTAMH HEPBHOW TKaHU
— aCTPOLIMTAMH, MHEJIHHON M HEPBHBIMM KJIeTKaMH. OHM NMOSBJISIIMCH € 7 JHSA NOCJIE HILEMHH, a
MX THTP, OCOOEHHO MPOTHBOHEBPOHAILHBIX AHTHTEJ, YBEIHYMBAJICS 10 6 MECALIEB MOC/IE HILIEMHH.

[pucyTcTBME TPOTHBOHEBPOHAJIbHBIX AHTUTEN ObUIO Hambosiee MOCTOSHHBIM (EHOMEHOM, a
' NOJIOXKHTENbHAS HMMYHOJIOTHYECKAsi pEAaKIMsi BBICTYNAja B HEBPOHAX MO3rOBOH  KOpBI,
aMMOHHMEBA pOTra, KOPbl MO3Xe4Yka M B sApax Mo3roBoro crsosia. Peakuus Obuta opraHo-
-cniet¢uyeckas, He 6bUTO BHAOBOW crermduyHocTH. KOHTAKTHI aHTHI€HOB HEPBHOM TKaHU C
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HMMYHOJIOTHYECKOH CHCTEMOMH CroCOOCTBOBAIO pa3pylLEHHE HEPBHBIX KJIETOK LEHTPAJIbHOW
HEPBHOW CHCTEMBI, CONYTCTBYIOLIEE C NMOBPEXICHHEM Oapbepbl KPOBb-MO3Tr, OOHApPYXEHHBIM
HMMYHOXMMHYECKHMH METOJAMH.
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ANDRZEJ KAPUSCINSKI

BARIERA KREW-MOZG W MODELU SMIERCI KLINICZNE]J
U SZCZUROW

Zaklad Neuropatologii Centrum Medycyny Doswiadczalnej i Klinicznej PAN, Warszawa

Wyniki badan doswiadczalnych i obserwacji klinicznych dotyczacych
encefalopatii poischemicznej, a zwlaszcza obserwacje patofizjologiczne doty-
czace rozwoju cytotoksycznego obrzgku mozgu, sa nadal kontrowersyjne.
Crone (1963) wykazal, ze nawet cigzka hipoksja, prowadzaca do rozwoju
strukturalnych uszkodzen mozgu, nie powoduje zmian w przepuszczalnosci
bariery krew-mozg dla inuliny i cukrozy. Bakay (1963) stwierdzil, ze samo
niedotlenienie nie wywotuje zaburzen w przepuszczalnosci bariery krew —mozg,
pojawiaja si¢ one dopiero przy skojarzeniu niedotlenienia z hiperkapnia.
Kapuscinski i wsp. (1972) badajac technika izotopowa wplyw niedokrwienia
niedotlenienia na barier¢ krew-mozg u szczuréw wykazali, ze przedtuzone
umiarkowane niedotlenienie, jak rowniez krotkotrwate glebokie niedotlenienie,
nie powoduje zaburzen przepuszczalnosci bariery krew —mozg, pomimo stwier-
dzanych zmian morfologicznych i histochemicznych w mozgu. Dopiero
skojarzone dzialanie ischemii i hipoksji prowadzito do znacznego zwigkszenia
przepuszczalnosci bariery krew-mozg, ktéremu towarzyszyl narastajacy obrzek
i nasilajace si¢ uszkodzenia strukturalne osrodkowego ukladu nerwowego.
Lysenkov (1981a,b) obserwowal zwigkszona przepuszczalnos¢ bariery krew —
mozg dla fosforanu i albuminy po 5 i 10 minutowej $mierci klinicznej u
SZCZUrow.

Szybki rozwoj nauki w ostatnich latach powoduje glebsze zrozumienie
mechanizmow patofizjologicznych i wprowadza potrzebe modyfikacji nie-
ktorych przyjetych pogladow i terminéw. Nowsze badania in vitro, wyniki
doswiadczalne i obserwacje kliniczne wskazuja na mozliwos¢ skutecznej
reanimacji ludzi i zwierzat w normotermii po dluzszym okresie $mierci
klinicznej niz dotychczas przyjmowano (Safar i wsp. 1982). Podzial obrzeku
mozgu na obrzgk naczyniopochodny i obrzgk cytotoksyczny (Klatzo 1967)
wydaje si¢ niepelny. Pappius (1983) uwaza, ze powyzsza klasyfikacje nalezy
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zmodyfikowa¢ 1 wyrdznia obrzgk osmotyczny, ischemiczny i srodmiazszowy.
Nowy termin — obrzgk jonowy — wprowadzony zostal przez Younga i wsp.
(1987).

Mozliwos¢ doktadnego okreslenia czasu catkowitego niedokrwienia mozgu
i stosunkowo nieskomplikowana metoda doswiadczalna spowodowaly, ze
model $mierci klinicznej u szczuréw opisany przez Korpaczeva i wsp. (1982)
jest coraz czesciej stosowany w naszym Instytucie do wielokierunkowych
badan encefalopatii poresuscytacyjnej, tym bardziej, ze pozwala on na wielo-
miesieczne przezycie zwierzat (Mossakowski i wsp. 1986; Majkowska 1986,
1987a, b; Kapuscinski 1987; Mossakowski, Krajewski 1987; Szumanska i wsp.
1988; Zelman, Mossakowski 1988). Dlatego tez wydawalo si¢ celowe okreslenie
stanu przepuszczalnosci bariery krew —mozg w powyzszym modelu przy
uzyciu ?°™TcO,, ktérego przydatnoéé do tego typu badan zostala udowodnio-
na w diagnostyce osrodkowego ukladu nerwowego.

Celem pracy byla ocena stanu przepuszczalnosci bariery krew —mozg w
roznych czasach po reanimacji zwierzat, ktore przezyly 10 i 15 minutowa
$mier¢ kliniczna.

MATERIAL I METODY

Badania przeprowadzono na 48 szczurach rasy Wistar z hodowli losowe;j,
samicach o masie ciala okoto 180 g. W plytkiej narkozie eterowej wywotywano
u nich $mier¢ klinicznag wedtug metody Korpaczeva i wsp. (1982), a nastgpnie
zwierzeta reanimowano stosujac zewngtrzny masaz serca i kontrolowana
wentylacje ptuc. Badania przeprowadzono u 8 zwierzat kontrolnych i w dwoch
grupach doswiadczalnych, wywotujac $mier¢ kliniczna zwierzat na okres 10 i
15 minut, a nastgpnie po reanimacji pozostawiajac je przy zyciu na okres 2
godzin oraz 2, 51 7 dni (po 5 szczurow w kazdej podgrupie). Na 2 godziny
przed usmierceniem zwierzat wstrzykiwano im do zyly udowej 40uCi
(1480 KBq) °°"TcO, w objetosci 0,2 ml. Nadtechnetan otrzymywano przez
elucie 0,9% NaCl kolumny molibdenowej-99 produkcji Instytutu Energii
Atomowej, Osrodka Reaktorow i Produkcji Izotopéow w Swierku. Przed
usmierceniem zwierzat, po otwarciu klatki piersiowej, pobierano 2 ml krwi z
lewej komory serca. Szczury usmiercano wykonujac w narkozie eterowej
przezsercowa perfuzje fizjologicznym roztworem NaCl przez okres 3 minut.
Nastepnie po otwarciu czaszki wyjmowano mozgowie wraz z krotkim
odcinkiem rdzenia szyjnego i dzielono je wzdiluz spoidla wielkiego na dwie
polowy okreslajac ich masg. Radioaktywnos¢ obu czgsci mozgu i 1 ml krwi
mierzono w scyntylacyjnym liczniku studzienkowym SE-2 wspotpracujacym z
przelicznikiem Pt-76a firmy Polon i drukarka VAG w czasie, zapewniajacym
dokladnos¢ statystyczna 3%. Wyniki wyrazano w postaci wspoélczynnika
okreslajacego stosunek aktywnosci wlasciwej mozgu do aktywnosci wlasciwej
krwi. Znamiennos¢ statystyczna uzyskanych wynikow w poréwnaniu z wyni-
kami grupy kontrolnej oceniono przy zastosowaniu testu ¢ Studenta.
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W badaniach izotopowych zwierzetom nie podawano nadchloranu potasu
celem zablokowania wychwytu nadtechnetanu przez splot naczyniowy mozgu.

Dodatkowa grupe doswiadczalna stanowily 3 zwierzg¢ta, u ktorych
wywotano 15 minutowa $mier¢ kliniczna i po reanimacji pozostawiono przy
zyciu przez okres 5, 7 i 12 dni. Zwierzetom tym na 2 godz. przed
usmierceniem wstrzykiwano dozylnie 2% roztwor bigkitu Evansa w objetosci
0,2 ml. Zwierzgta usmiercano w narkozie eterowej wykonujac krotkotrwala
przezsercowa perfuzje 09% NaCl (30 s) i 10% roztworem zbuforowanej
formaliny. Mo6zgi utrwalone in situ po wyjeciu poddano w catosci ocenie
makroskopowej, a nastepnie krojono je w plaszczyznie czolowej na 4 bloki,
ktore ogladano pod lupa poszukujac wynaczynien bigkitu Evansa.

WYNIKI

Skutecznos¢ reanimacji roznita si¢ w zaleznosci od czasu $mierci klinicznej
zwierzat. W grupie z 10 min $miercig kliniczna w okoto 40% przypadkow

Tabela 1. Radioaktywno$é¢ °°™TcO, w mézgu szczuréw w roéznych czasach po przebytej $mierci
klinicznej
Table 1. °*°™TcO, radioactivity in the rat brain in different survival time after clinical death

Czas $mierci klinicznej
Czas przezycia Time of clinical death Grupa kontrolna
Time of survival Control group
10 min 15 min
2 godz.
2 hours 0,38 +0,04* 0,34 +0,02*
n=>5 n=35
2 dni
2 days 0,46+0,03 0,48 +0,04 0,50+0,04
=3 n=>5 n=2_8
5 dni
5 days 0,56 40,04 0,51+0,02
n=3 n=3J
7 dni
7 days 0,50+0,03 0,52+0,04
=5 n=>;5

Wyniki wyrazono jako stosunek aktywnosci wlasciwych moézgu do krwi x 1072
Results expressed as ratio of the brain to blood specific activities x 1072

Srednia arytmetyczna + odchylenie standardowe

Mean + SD

n = liczba zwierzat
n = number of animals

*p < 0.005
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reanimacja byla nieskuteczna z powodu nieodwracalnego migotania komor
serca lub wtornego zalamania si¢ czynnosci serca po. przywroceniu rytmu
zatokowego. W grupie zwierzat z 15 min $miercia kliniczng reanimacja byta
nieskuteczna z tych samych przyczyn w okoto 70% przypadkow, a w okresie
wiosennym odstapiono od wykonywania doswiadczen z tak diugim czasem
smierci klinicznej ze wzgledu na nieskuteczno$¢ zabiegow reanimacyjnych.

Stan ogolny zwierzat w poczatkowym okresie po reanimacji charaktery-
zowal si¢ zmniejszona ruchliwoscia i zaburzeniami statyki. Pomiedzy 2 i 5
dniem po zabiegu ich stan ulegal szybkiej poprawie, a w 5 1 7 dniu po
reanimacji szczury obu grup do$wiadczalnych nie roznily si¢ od zwierzat
kontrolnych.

Wyniki badan izotopowych dla poszczegélnych czasow obserwacji przed-
stawiono w tabeli 1. Jak wynika z tabeli 1, mo6zgi szczuréw badane po 2 godz.
od zakonczenia reanimacji wykazuja w obu grupach statystycznie znamienne
obnizenie poziomu aktywnosci w porownaniu do poziomu grupy kontrolne;j.
W pozostatych przedziatach czasu stezenie nadtechnetanu w mozgach zwierzat
doswiadczalnych nie wykazuje roznic znamiennych statystycznie zarOwno w
poréwnaniu z jego stezeniem w mozgach grupy kontrolnej, jak i w poréwna-
niu migdzygrupowym.

U zwierzat, ktorym wstrzyknigto bigkit Evansa, nie stwierdzono niebieskie-
go zabarwienia tkanki na powierzchni mozgu ani na jego poprzecznych
przekrojach.

OMOWIENIE

Stan barier naczyniowo-tkankowych, jak réwniez bariery krew —mozg w
zastosowanym modelu doswiadczalnym, badany byl przez Lysenkova (1981a,b)
z zastosowaniem 2P i '3'J-albuminy. Stosujac Na,H3*?PO, w grupie zwierzat
z 5 min $miercia kliniczna i czasem przezycia do 3 dni wykazal on zmniejszenie
stezenia *?*P w potkulach mozgu i strukturach podkorowych w 30 min po
reanimacji ulegajace normalizacji w pozniejszych czasach. Autor ten stwierdzit
ponadto zwigkszenie radioaktywnosci w mozdzku i rdzeniu przedtuzonym
pomiedzy 11 6 godz. po reanimacji, a w rdzeniu przedtuzonym réwniez po 24
godz. z normalizacja w pozniejszych czasach. Zmniejszenie stezenia 2P w
potkulach moézgu i stukturach podkorowych we wezesnym czasie po reanimacji
jest zgodne z wynikami naszych badan z nadtechnetanem, pomimo réznych
fizjologicznych drog wychwytu i wydzielania obu zwiazkow (*?P — szpik
kostny, *°™TcO, — tarczyca, zoladek, nerki). Zmniejszenie stezenia w mozgu
obu tych traserow w krotkich czasach po reanimacji przemawia przeciwko
zwigkszonej przepuszczalnosci bariery krew —mozg wtedy, kiedy wystepuje
kompensacyjne zwigkszenie mozgowego przeptywu krwi (Kapuscinski 1987) i
nalezatoby si¢ spodziewac okresowego “otwarcia” polaczen $cistych komorek
srodbtonka naczyniowego. Mechanizm tego zjawiska jest jednak nieswoisty i
polega na zmniejszeniu przechodzenia znacznikow do poszczego6lnych narza-
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dow w okresie poischemicznym, co powoduje, ze klirens krwi jest wolniejszy i
wykazuje ona wyzsza aktywnos$¢ niz w kontroli.

Przy zastosowaniu '*!J-albuminy w grupie z 10 min $miercia kliniczna i
czasem przezycia do 6 godzin Lysenkov (1981b) stwierdzit u czesci zwierzat
zmiany aktywnosci w korze mozgu, strukturach podkorowych, moézdzku i
rdzeniu przedtuzonym, ktore moga $wiadczy¢ o zwigkszonej przepuszczalnosci
bariery krew —mozg. Wyniki tych badan réznia si¢ od naszych obserwacji
zapewne z powodu roznic w stosowanej metodyce badan. Lysenkov nie
stosowal perfuzji naczyn moézgowych przed pobraniem mozgow do pomiarow
radioaktywnosci. Powoduje to, ze w przypadku uzycia znacznikoéw bariero-
wych okoto 80% radioaktywnosci pochodzi z krwi zawartej w naczyniach.
Mozna sadzi¢, ze wyniki badan Lysenkova (1981a,b) odzwierciedlaja bardziej
roznice w regionalnej objetosci krwi niz stan bariery krew —mozg. Przema-
wiaja za tym réwniez obserwacje Mossakowskiego (1978), wykazujace, ze w
roznych postaciach hipoksji mozgu, w okresie pohipoksyjnym rozwija si¢
uogolnione przekrwienie, zwlaszcza naczyn zylnych z rozsianymi ogniskami o
zmniejszonej zawartosci krwi w lozysku naczyniowym.

Dienel i Pulsinelli (1986) stosujac 30 min niedokrwienie potkul mozgowych
u szczurOéw i badajac gromadzenie w mozgu 9 jonoéw znakowanych réznymi
izotopami wykazali, ze ®*Ni, **"TcO,, ?’Na i *H-tetracyklina wykazuja
wyzsze stezenie w uszkodzonych obszarach, natomiast m.in. 3?PO, nie
gromadzi si¢ w nieodwracalnie uszkodzonej tkance mozgu. Dienel i Pulsinelli
(1986) uwazaja, ze wymienione powyzej zwiazki moga by¢ uzyteczne w
diagnostyce ischemicznych uszkodzen mozgu u ludzi przy uzyciu techniki
emisyjnej tomografii pozytronowej. Wyniki badan tych autorow wskazuja, ze
32P0O, nie jest dobrym traserem do badania stanu bariery krew —mozg w
przeciwienstwie do nadtechnetanu.

Brak cech uszkodzenia bariery krew —mozg nawet przy 15 minutowym
catkowitym niedokrwieniu mézgowia obserwowanym w naszych warunkach
doswiadczalnych wydaje si¢ zaskakujacy, tym bardziej, ze tak dlugie nie-
dokrwienie powoduje zmiany morfologiczne. Zostaly one opisane przez
Mossakowskiego i wsp. (1986) oraz Zelman i Mossakowskiego (1988), i
ostatnio uzupetnione badaniami mikroskopowo-elektronowymi Majkowskiej
(1987a,b). Obraz strukturalnych uszkodzen osrodkowego ukladu nerwowego
byl jednakze ubogi w stosunku do 10 minutowego pelnego zatrzymania
czynnosci serca i cddechu w warunkach normotermicznych. Morfologiczne
wykladniki obrzeku mozgu wystepowaly jedynie we wczesnym okresie
obserwacji z lokalizacja ograniczonz do istoty bialej. Nie stwierdzono
natomiast cech obrzgku cytotoksycznego, stanowiacego typowe nastgpstwo
niedokrwienia mozgu (Klatzo 1975; Katzman i wsp. 1977). Wyniki badan
mikroskopowo-elektronowych Majkowskiej (1987a,b) dotyczace zmian w
korze mozgu i w sektorze CA, hipokampa po takim samym czasie Smierci
klinicznej s3 zgodne z wymienionymi uprzednio obserwacjami. W obu bada-
nych strukturach Majkowska wykazala u zwierzat z 3 dniowym przezyciem po
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reanimacji nieznaczne zmiany dotyczace glownie komorek glejowych, w
mniejszym stopniu neuronéw. Najwigksze nasilenie zmian obserwowala ona w
pozniejszym okresie (5 dni przezycia) w postaci obrzmienia zakonczen
presynaptycznych i zmniejszonej liczby pecherzykow synaptycznych. U zwierzat
z 14 dniowym przezyciem obserwowane neurony, poza zwigkszona iloscia cial_
gestych, nie wykazywaly istotnych zmian.

Moze si¢ wydawac, ze brak wzmozonej przepuszczalno$ci bariery krew
—mozg oraz stosunkowo ubogi obraz zmian morfologicznych obserwowane w
tym modelu nie sa zgodne z przyjetym pogladem o duzej wrazliwosci
osrodkowego ukladu nerwowego na niedokrwienie. Jednakze nowe badania in
vivo na modelach zwierzgcych i u pacjentow wykazaly, ze maksymalny okres
odwracalnej $mierci klinicznej w normotermii nie wynosi 5 minut, ale moze
trwa¢ do 20 minut (Safar i wsp. 1982). Nie oznacza to, ze dluzszy okres
niedokrwienia moézgu nie pozostawia trwalych zaburzen behavioralnych
(Hendrickx i wsp. 1984). Niezlina i wsp. (1987) wykazali w tym samym modelu
doswiadczalnym, ze 5 minutowa $mier¢ kliniczna, przy 8 miesigcznej obserwa-
cji zwierzat, powoduje dlugotrwale zmiany niektorych odruchéw warunko-
wych. Badania przeprowadzone w naszym Instytucie z zastosowaniem tego
modelu ujawnily obecnos¢ przeciwcial antyneuronalnych w surowicy krwi
szczurébw od 7 dnia przezycia (Mossakowski, Krajewski 1987), co moze
wskazywac na udzial mechanizmu immunologicznego w rozwoju encefalopatii
poresuscytacyjnej. Szumanska i wsp. (1988) badali przy uzyciu metod
cytochemicznych aktywnos$¢ fosfatazy zasadowej i cyklazy adenylowej w
naczyniach mozgu w tym samym modelu doswiadczalnym. Wykazali oni
zmniejszenie aktywnosci obu enzymow w 6 i 24 godzinie po reanimacji, az do
zaniku aktywnosci cyklazy adenylowej po 24 godzinach przezycia. W 3 dni po
reanimacji aktywnos¢ obu enzymow wzrastala, przy przemieszczaniu si¢ juz we
wezesniejszych czasach lokalizacji fosfatazy zasadowej z powierzchni luminal-
nej $rodbtonzow do ich czgsci abluminalnej i blony podstawnej. Moze to
swiadczy¢ o zwigkszeniu czynnego transportu metabolitow i zmianie inte-
gralnosci zlacza naczyniowo-tkankowego.

Brak zaburzen bariery krew —mozg w obecnej serii badan jest zgodny z
pogladem innych autoréw, zdaniem ktorych srodbtonek naczyn mozgowych
jest mniej wrazliwy na niedokrwienie niz neurony (Olsson i wsp. 1971).
Wprawdzie niektorzy autorzy postugujac si¢ metoda mikroskopii elektronowe;j
wykazali przechodzenie trasera biatkowego przez srodblonek naczyn mozgo-
wych w pierwszych minutach od rozpoczgcia niedokrwienia mozgu (Loosinsky
1 wsp. 1979), wydaje si¢ ze jest to niewystarczajace do wytworzenia ilosciowo
znaczacych zmian w przechodzeniu takich traserow jak nadtechnetan czy
biekit Evansa.

Morfologiczne obserwacje Mossakowskiego i wsp. (1986) przeprowadzone
w tym samym modelu sugeruja naczyniopochodny mechanizm obrzgku mozgu
przy braku cech obrzgku cytotoksycznego, stanowiacego typowe nastgpstwo
niedokrwienia osrodkowego ukladu nerwowego (Klatzo 1975).



BBB w niedokrwieniu mozgu 181

Wystegpowanie obrzgku mdézgu we wczesnym okresie po reanimacji przy
braku zaburzen przepuszczalnosci bariery krew —mozg wydaje si¢ wskazywac,
ze mamy w tym wypadku do czynienia z obrzgkiem jonowym. W zwiazku z
hipoteza czynnosci buforowej gleju Young i wsp. (1987) proponuja zamiang
terminu “obrzgk ischemiczny”, jako formy przejsciowej, charakteryzujacej si¢
przyrostem wody w mozgu przed uszkodzeniem mechanizmoéw barierowych
(Katzman i wsp. 1977), terminem “obrzgk jonowy”, w ktorego rozwoju istotna
role odgrywaja rozne w czasie przesuni¢cia jonow sodu i potasu. Obrzgk
jonowy latwo odréznic od obrzgku naczyniopochodnego, poniewaz nie
wystepuje w nim penetracja duzych czastek przez barier¢ naczyniowo-
-mézgowa. Znaczna utrata potasu z tkanki przy przyroscie sodu i wody
(przesunigcie jonow netto) roznicuje ten obrzek od obrzgku cytotoksycznego.
Obrzgk jonowy powinien bezposrednio odzwierciedla¢ nasilenie uszkodzenia
elementow komorkowych.

BLOOD —BRAIN BARRIER IN THE EXPERIMENTAL MODEL OF CLINICAL DEATH
IN RATS

Summary

Clinical death was induced in adult rats for a period of 10 and 15 min by intrathoracic
compression of the cardiac vessels bundle at the base of the heart. Resuscitation was performed by
means of external cardiac massage with artificial ventilation and the animals were allowed to
survive 2 hrs, 2, 5 and 7 days. In the postresuscitation period **™TcO, was i.v. injected for 2 hrs
and after withdrawal of blood samples and transcardiac perfusion with the saline animals were
sacrificed. Evans blue was i.v. injected to a separate group of animals with 15 min of clinical death
and they were sacrificed 5, 7 and 12 days after resuscitation. Isotope studies showed decreas
concentration of pertechnetate in the brains 2 hrs after resuscitation, however, in both experigental
groups no abnormal increase of concentration was observed in follow-up measurements as
compared with the control.

Macroscopic examination of surface and sections of brain did not show colouring of tissue
characteristic for transfer of Evans blue through the vessel wall. The results revealed no increased
permeability of the blood —brain barrier for the above mentioned tracers in this experimental
model.

BAPbEP KPOBb—MO3I' B MOJIEJIU KJIMHUYECKOW CMEPTU KPbIC

Pesome

B3pocibie kpbichl noasepraiuck 10 U 15— MuHYTHON KJIMHHYECKOH CMEPTH TOCJIE TIOABJICHUS
COCYAMCTOro my4ka cepaua. JKuBoTHbie youBanuch B 2 yaca, 2, 5 ¥ 7 JHeH 1ocjie peaHUMallnH, a
Ha 2 yaca nepe/l yMepIBJIEHHEM BBOIHIIOCH BHYTpUBEHO3HO *°™TcO,. Tpem kpbicam youThim 5, 7
u 12 paHeit mocne 15-MHHYTHOM KJIMHHYECKOW CMEPTH, BBOIWJICS HHTPABEHO3HO 3BaHCOiay.
N3otonHsle uccnenobaHus MOKAa3ajd CTATHCTHYECKH SHAMEHATENbHOE MOHMXEHHE MO3TOBOU
koHuenTpamuu °°"TcO, B 2 yaca MOCje PeaHHMAI|H. B OCTAJbHBIX MCCIEAYEMbIX TEPHOIAX
NPOXUTHS B 00EMX JIKCIEPUMEHTAJIbHBIX IPyNmax Ha OOHAPYKEHO YBEJMYEHHS KOHIEHTPALMH
9TOr0 Mapkepa MO CpPaBHEHHIO ¢ KOHTPOJIbHOM rpymnmoi. B Makpockonu4eckoM MCCIIe0BaAHHH
TIOBEPXHOCTH M pa3pe30B MO3ra He ObLIO OKPAacKM TKaHeH, CBHETEIbCTBYIOIIEH O MPOHUKHOBE-
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HHH :u,ch()'.rlay BHE COCYAMCTOIO JIOXa. l'lonyqeﬂuue pe3yJibTaThl CBHACTE/ILCTBYKOT O OTCYCTBHH
yBCJ'lM"ICHHOﬁ TPOHHUIIAEMOCTH 6apbepa KpPOBb—MO3I' JUIA BbILICYIOMAHYTBIX COeIMHECHHH
B HMCCJICAOBAHHBIX MEPHOAAX BPEMCHH ynorpeﬁnemioﬁ 3KCﬂCpHMCHTaJIbHOﬁ MO/JICJIH. €
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MORPHOMETRIC STUDIES OF THE NERVE FIBERS IN CORPUS
CALLOSUM OF RATS EXPOSED TO MILD HYPOXIA

Department of Neurology, School of Medicine, Poznan

Lesions of the oligodendroglia-myelin complex as well as of axons in
hypoxia are known from several observations and studies. In rare cases of
arteriosclerosis and hypoxia produced by various noxious agents, the
syndrome of delayed hypoxic encephalopathy with diffuse demyelination was
described (Raine 1984). Intoxication with cyanide produces also severe
demyelination in the cerebral commissural system (Hirano et al. 1967; Foncin
et al. 1986). The oligodendroglia also show great vulnerability to the action of
this poison (Mossakowski, Gajkowska 1976; Mossakowski 1978). Results of
our karyometric and cytophotometric studies on rats exposed to hypoxia
confirmed the great sensitivity of oligodendroglia in the corpus callosum to
oxygen deficiency (Wender et al. 1988b).

Mild hypoxia induces changes in the chemistry of myelin: marked increase
in cholesterol esters and lysophosphatidylcholine content in the myelin
fraction, without evident demyelination (Wender et al. 1987). The structure of
myelin is apparently normal. However, the question if the myelin-axon
interrelationship undergoes some deviations is up till now open. As a
contribution to the problem we have studied the morphometry of myelin and
axons in the corpus callosum of rat brain after moderate experimental hypoxia,
of an intensity not leading to demyelination.

MATERIAL AND METHODS

The experiment was performed on Wistar rats. Mild hypoxia was induced
by placing the animals for 30 minutes in a glass chamber, containing 7% of
oxygen in appropriate gas mixture, the composition of which was secured by a
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flowmeter and a rotometer. For more details of the experimental techniques see
our previous work (Wender et al. 1988a).

At 4 h, 24 h, 14 days and 60 days after hypoxia the brains of four animals
from each group were perfused through the aorta with a mixture of 2%
glutaraldehyde and 3.4% paraformaldehyde buffered with 0.1 M sodium
cacodylate at pH 7.4. Narrow strips of corpus callosum were excised and kept
in cold fixative for additional 3 hours and, then, postfixed for 1 hour in 1%
osmium tetroxide, embedded in Epon, cut on Reichert’s Ultratome, stained
with uranium and lead salts and photographed in an Opton electron
microscope. The measurements were performed on prints with Reichert’s
Multioperational Planimeter. The results were expressed in working units after
conversion based on the value of the myelin unit — 12 nm. For more details of
the used method, see our previous paper (Wender et al. 1986).

RESULTS

Mean axon diameter and area, expressed in working units, were significant-
ly greater in corpus callosum of rats 24 hours after hypoxia than the values
found in normal animals. In contrast to the findings, the respective means were

Table 1. Nervous fibers of corpus callosum in rats exposed to the action of mild hypoxia
Tabela. 1. Wiokna nerwowe spoidia wieikiego szczuréw wystawionych na dzialanie tagodnego

niedotlenienia
4 hours 24 hours 14 days 2 months
Control |after hypoxia |after hypoxia |after hypoxia | after hypoxia
Norma W godziny poP4 godziny po| 14 dni po P miesiace po
niedotlenieniu | niedotlenieniu | niedotlenieniu | niedotlenieniu

Thickness of myelin
(in working units) 0.08+0.04 | 0.09+0.03 [ 0.114+0.02*| 0.114+0.02*| 0.10+0.02*
Grubos$¢ mieliny
(w jednostkach roboczych)
Number of myelin
lamellae 80 +33 81 527 87452 0. 3:E32*% | 92:4:30*
Liczba blaszek mieliny
Axon diameter
(in working units) 0.83+0.28 [ 092+0.31 | 1.02+0.33*| 0.7140.16*|0.74 +0.36**
Przekrdj aksonu
(w jednostkach roboczych)
Axon area
(in working units) 1591+6.21 | 17.1645.30 |19.17+7.12* [13.06 +5.74* [11.23 + 4.62**
Pole aksonu
(w jednostkach roboczych)

*difference statistically significant in analysis of variance (p < 0.05)
roznice statystycznie istotne przy analizie wariancji (p < 0.05)

**difference highly statistically significant in analysis of variance (p < 0.01)
roéznice wysoce istotne statystycznie przy analizie wariancji (p < 0.01)
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significantly lower in groups of rats studied 14 and 60 days after exposure to
the action of mild hypoxia. Mean thickness of myelin (in working units based
on the generally accepted value for myelin unit — 12 nm) was significantly
greater in animals studied 24 hours, 14 days and 2 months after the hypoxia,
when compared with the normal values. Mean number of myelin lamellae was

also greater in animals studied 14 and 60 days after the experimental hypoxia
(Tab. 1).

Table 2. The regression equation of the number of myelin lamellae to the axon diameter (mean) in
corpus callosum of rats exposed to the action of mild hypoxia. Axon diameter in working units
Tabela 2. Rownanie regresji liczby blaszek mieliny do przekroju aksonu (Srednia) w spoidle wielkim
szczurow wystawionych na dziatanie tagodnego niedotlenienia. Przekrdj aksonu w jednostkach

roboczych
24 hours 60 days
Control after hypoxia after hypoxia
Norma 24 godziny 60 dni
po niedotlenieniu po niedotlenieniu
Number Axon Number Axon Number Axon
of myelin diameter of myelin diameter of myelin diameter
lamellae (mean) lamellae (mean) lamellae (mean)
Liczba Przekroj Liczba Przekroj Liczba Przekroj
blaszek aksonu blaszek aksonu blaszek aksonu
mieliny (Srednia) mieliny (Srednia) mieliny (Srednia)
1 0.46 3 0.54 1 0.34
2 093 4 0.74 2 0.48
3 0.66 5 0.71 3 0.62
4 0.77 6 0.74 4 047
5 0.81 3 0.82 3 0.66
6 0.74 8 0.85 6 0.65
7 0.80 9 0.89 7 0.89
8 0.84 10 1.05 8 0.78
9 0.85 11 0.94 9 092
10 1.05 12 0.92 10 0.90
11 1.07 13 121 11 1.31
12 1.02 14 1.21 12 1.01
13 1.07 15 0.83 13 1.20
14 1.01 16 1.03 15 1.65
15 0.61 17 1.39 17 1.78
16 0.61 18 0.95
17 0.80 19 1.37
18 1.64 20 1.50
21 1.61
Significant regression Significant regression Significant regression
of II grade of Il grade of II grade
(parabolic) (parabolic) (parabolic)
Istotna regresja stop- Istotna regresja stop- Istotna regresja stop-
nia Il (paraboliczna) nia I (paraboliczna) nia II (paraboliczna)
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Table 3. Nervous fibers of corpus callosum in rats exposed to the action of mild hypoxia. Division into classes according to Dx (diameter of axon)

Tabela 3. Wtokna nerwowe spoidta wielkiego szczuréw wystawionych na dzialanie lagodnego niedotlenienia. Podzial na klasy stosownie do Dx

(przekroj aksonu)

4 hours 24 hours 14 days 2 months
Control after hypoxia
Norma 4 godziny 24 godziny 14 dni 2 miesiagce
po niedotlenieniu
Thickness of myelin
Grubos$¢ mieliny
Class I
0.06+0.03 0.074+0.02 0.10+0.02* 0.10+0.03* 0.09 +0.02*
Klasa I
Class 11 0,08+ 0.04 0.0940.02 0.10+0.01* 0.11+0.02* Qi o0fs L o
Klasa II . ‘i;"‘. I’; =086
Class TIT 0.11+0.03 0.1040.03 0.13+0.04* 0.14+0.05 QI74008s T e 8
Klasa III Class I _
Number of myelin lamellae Klasa I Dx <058 (25%)
Liczba blaszek mieliny Class 1I
Class 1 6.6+2.2 7.0+3.1 7.5+40 45422%* 49+ 1.8*%* 14 =058 <Dx <113 (50%)
Klasa I Klasa II
Claw' B wasai 8.5+42 99463 9.2+2.6%* grisgee Bl oL i (25%)
Klasa II Klasa III
Class II1 3
Klasa III 10.2+4.3 10.9+3.7 10.2+4.1 10.3+4.2 9.8+34

*difference statistically significant in analysis of variations f < 0.05
roznice statystycznie istotne analizie wariancji f < 0.05
** difference highly statistically significant in analysis of variations f < 0.01

roznice wysoce istotne statystycznie przy analizie waﬁaﬁﬂ: y }?8% or gD'

—
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The ratio of the number of myelin lamellae to the axon diameter expressed
as regression equation, showed no differences between the experimental and
control animals. In all groups a singificant regression of II grade (parabolic)
was obtained (see Tab. 2).

The studied myelin parameters (thickness and number of myelin lamellae)
were related to axon diameter, in axon classes containing respectively, 25%
(smallest axons), 50% (medium axons) and 25% (largest axons) of all axons in
experimental and control animals. The above described differences in the

studied parameters of axon and myelin were similar in all classes of axons
(Tab. 3).

DISCUSSION

The myelin-oligodendroglial complex as well as axons of the central nerve
fibers are highly sensitive to the action of different external factors. Aggressive
exogenous agents may lead to necrotic changes of the total nervous fibers or to
complete or incomplete demyelination (Smith, Benjamins 1984). Less intense
stimuli, as mild hypoxia provoke only some derangements of membraneous
structures in the myelin, expressed by deviations in the pattern in myelin lipids,
even if no evident morphological signs of demyelination are noticeable
(Wender et al. 1988a). In our further studies concerning the alterations of white
matter provoked by hypoxia, we have performed karyometric and cyto-
photometric studies of oligodendroglia (Wender et al. 1988b). We have
established enlargement of cell nuclei in the early period and some nuclear
shrinkage in the experimental groups studied after the longer time interval after
hypoxia. Cytophotometric analysis of the relative DNA content in cell nuclei of
oligodendroglia has indicated marked deviations in extinction of DNA after
moderate hypoxia.

The heretofore presented morphometric evaluation of the apparently
normal nervous fibers in corpus callosum of rats demonstrated some increase
of mean axon and myelin parameters 24 hours after the action of mild hypoxia.
The only explanation of this observation seems to involve edematous changes
of the axoplasm, accompanied by loosening of the myelin structure.

In later periods (14 and 60 days) after the hypoxia, morphometric studies of
the nervous fibers of corpus callosum have disclosed that the mean thickness of
myelin and number of myelin lamellae were greater, whereas the axon
parameters (diameter and area) smaller than in the control group. According to
our opinion, the obtained results should be explained by some kind of selective
destruction and disappearance of myelinated fibers in the course of hypoxia.
The most stable should be the axons, which are smaller, but exhibit a relatively
thick myelin sheath, whereas the bigger axons with relatively lower number of
myelin lamellae would be more sensitive. The selective disappearance of
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nervous fibers in corpus callosum, secondary to neuronal degeneration, so
typical for the pathology of hypoxia, is evidently the decisive factor provoking
the changes observed in our morphometric studies in myelin and axons.

CONCLUSIONS

1. 24 hours after the action of hypoxia nerve fibers in corpus callosum of
rats show an increase of the mean parameters of axons and myelin, provoked
by edematous changes of axoplasm, accompanied by loosening of myelin
structure.

2. In the later periods after hypoxia, the mean thickness of myelin and the
number of myelin lamellae are greater, whereas the mean diameter and area of
axons are smaller than in the control group.

3. Mild hypoxia induces selective destruction and disappearance of
myelinated fibers. Most stable are smaller axons exhibiting a relatively thick
myelin sheath, whereas bigger ones are more sensitive, featuring a relatively
smaller number of myelin lamellae.

BADANIA MORFOMETRYCZNE WLOKIEN NERWOWYCH SPOIDLA WIELKIEGO
SZCZUROW PODDANYCH DZIALANIU LAGODNEGO NIEDOTLENIENIA

Streszczenie

Szczury rasy Wistar poddano fagodnemu niedotlenieniu przez 30 minut w komorze szklanej o
zawartosci 7% tlenu. Po 4 i 24 godz. oraz po 14 i 60 dniach od zakonczenia do$wiadczenia
zwierzgta perfundowano mieszaning glutaraldehydu i paraformaldehydu, a nastgpnie skrawki
spoidta wielkiego po utrwaleniu i zabarwieniu badano w mikroskopie elektronowym. Wykonane
zdjecia poddano analizie morfometrycznej na wielozadaniowym planimetrze Reicherta. Wyniki
wyrazono w jednostkach roboczych po przeliczeniu wedlug znanej wielkosci jednostki
mieliny — 12 nm.

Wyniki badan doprowadzily do nastgpujacych wnioskow:

1. Wiokna nerwowe spoidia wielkiego szczurow wykazuja 24 godziny po niedotlenieniu
wzrost $rednich wartosci aksonu i mieliny, co jest wywolane przez zmiany obrzgkowe aksoplazmy,
z towarzyszacym rozluznieniem struktury mieliny.

2. W poéznym okresie po niedotlenieniu $rednia grubos¢ mieliny i liczba blaszek mieliny sa
wigksze, podczas gdy sredni przekroj i pole aksonu mniejsze niz w grupie kontrolnej.

3. Lagodne niedotlenienie wywoluje selektywne zniszczenie i zanik wiokien mielinowych;
najbardziej oporne sa mniejsze aksony, ale ze wzglednie gruba oslonka miclinowa, bardziej
wrazliwe natomiast aksony wigksze, lecz o wzglednie mniejszej liczbie blaszek mielinowych.

MOP®OMETPUYECKHUE UCCIEAOBAHUSA HEPBHLIX BOJIOKOH MO30OJIMCTOI'O
TEJIA KPbIC, MMTOJABEPTHYTBHIX CJIABOM T'MITIOKCUU
Pe3iome

Kpbichl packl Wistar nosepraiuch 30-TH MHHYTHOH c1ab0# rHMOKCHH B CTEKJISHHOM Kamepe,
conepxatomieit 7% xuciopoaa. Ilo ucrevenun 4 m 24 €acos, a Takxke 14 u 60 musx nociue
9KCIIEPHMEHTA MPOBOAWIACH Mepdy3us KHBOTHBIX CMEChIO TJIyTapajeruaa u napadopmabie-
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ruaa. 3arteMm, nocie (HUKCAMH W OKPALIMBAHHA, CPe3bl MO3OJHMCTOTO TeJia MCCIIEIOBAJINCH
3/IEKTPOHHO-MHKpOCcKonuyeckH. PoTorpaduu GblM MOPHOMETPHYECKH aHAJW3HPOBAHBI MHOTO-
3a/la4HbIM TUTaHUMETpOM Paiixepra. Pe3ynbrarhl GblIM BbipaXKeHbl B pabOYMX €AMHHIAX TOCTE
nepecyeTa 1Mo W3BECTHOM BEIMYMHE CAWHMIBI MHETHHBI — !2 nm.

Pe3ysibTaThl MCCIIEIOBAHMN TPHBENH K CJIEAYIOIIMM BBIBOAAM:

1. B HEpBHBIX BOJIOKHAX MO30JIMCTOTO TeJia KpbIC 24 Yaca mocjie runokCHu oOHapyx uBaeTcs
yBEJIMYCHHE CPEIHHX aKCOHAa M MMEJIMHBI, BhI3BAHHOE HaOyXaHHEM aKCOIUIa3Mbl C COCYLIECTBY-
IOLIMM Pa3peXEHHEM CTPYKTYPhI MHEJIHHBI.

2. B no3aHEM NOCTHTHIIOKCHYECKOM TNEPHOJIE CPEAHSS TOJIIMHA MHEJIHHBI W KOJHYECTBO
MHEJIMHOBBIX Osisiiex Gosble, TOrja Kak CpeJHee NONEPEYHOE CEYCHHE M IUIOLIa/lb AKCOHA
MEHbILIE 4eM B Ipynne KOHTPOJIbHOM.

3. Cnabasi THIIOKCHS BBI3bIBACT CEJIEKTHBHOE Pa3pyllICHHE H YOBITOK MHUEJIHHOBBIX BOJIOKOH:
MeJIKHE, HO CO CPABHHTENIHO TOJICTOM MHEJIMHOBOH O0OJIOYKOH — camMble CTOWKHE, a2 aKCOHBI
no-6oJibiiie, HO CO CPAaBHHTEIbHO MEHBIIIHM KOJIHYECTBOM MHEJIMHOBBIX OJisiex sBisitoTcs Gosee
4yBCTBHTEIbHBIMH.
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Besides a number of different abnormalities, dopamine (DA) increased
concentration in the brainstem and elevation of dopamine metabolites
(dihydroxyphenylacetic acid and homovanillic acid) in the brainstem, deep gray
matter and cortex in a rat model of ischemia were recently reported (lijima et
al. .1986). This elevated DA concentration was mainly attributed to its
increased synthesis. The pattern of structural changes or sensitivity of
substantia nigra (SN) cells in ischemia or anoxia has not been fully elaborated.
Animal models of ischemia showed a relatively good preservation or only
haphazardous injury of SN in vivo (Pulsinelli, Brierley 1979). A recently described
animal model of complete ischemia of the brain, however, revealed a constant,
rather selective SN damage (Mossakowski et al. 1986).

The aim of the present study was to examine the direct effect of
short-lasting oxygen deprivation on the morphological properties of SN in a
model of anoxia induced in vitro.

MATERIAL AND METHODS

Substantia nigra was dissected out under microscopic control from the
rostral midbrain of newborn Wistar rats under sterile conditions, placed in a
pool of medium and cut into small pieces. Thin slices of SN (about 1 —2 mm?)
were placed on collagen-coated glass coverslips and kept at 36,5°C in Carrel
flasks. The cultures were grown in a medium composed of 25% human serum,
65% Minimal Essential Medium, 10% chick embryo extract supplemented
with 600 mg% glucose and 100 U/ml penicillin. The cultures were fed twice
weekly. On the 14th day in vitro (DIV), at the stage of SN development in vitro
when well differentiated nerve cells with numerous synaptic contacts are
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present, experimental cultures were transferred for 30 minutes to a nitrogen
atmosphere (100%) in Carrel flasks adapted for gas flow (Krasnicka et al.
1967). Control cultures were grown in standard conditions. After 2, 24, 48 and
72 h post anoxia both experimental and control cultures were stained with
cresyl violet or processed for electron microscopy according to the previously
described method (Renkawek et al. 1982). A total number of 40 cultures was
used in these experiments.

RESULTS

Under the light microscope no significant morphological alterations could
be found in the experimental SN cultures as compared with the control group.

Under the electron microscope well preserved, differentiated nerve cells,
synaptic contacts of various types and glial cells represented mainly by
astrocytes were found in the control cultures of SN (for detail see Kida 1986).
Ultrastructural alterations observed in experimental, exposed to anoxia, SN
cultures were most severely expressed in the cultures examined 2 h after oxygen
deprivation and involved mainly the astroglial cells. Some of the astrocytes had
a swollen, electron-lucent cytoplasm with damaged organelles. Nuclear
chromatin formed in the nuclei of these cells a thin rim beneath the nuclear
envelope. In the cytoplasm numerous vacuoles of various size and enlarged
mitochondria with disrupted cristae and clear matrix were present (Fig. 1). In
some astroglial cells mitochondria were characterized by a diminished number
of irregularly arranged cristae and dark, granular matrix (Fig. 1). Some of the
astrocytes in these cultures had dark, condensed mitochondria of elongated
shape but well preserved other organelles including granular endoplasmic
reticulum or Golgi apparatus. Sometimes in the cytoplasm membraneous or
dense bodies were found. Often, astrocytes with swollen cytoplasm contained
dilated channels of granular endoplasmic reticulum deprived of ribosomes and
enlarged cisternae of Golgi apparatus. A few cells with clumping of the
nucleoplasm and condensed organelles were seen.

Nerve cells were better preserved. In some neurocyte cytoplasm large
mitochondria with disrupted, short cristae and electron-lucent matrix were
present. Besides mitochondrial alterations, distended cisternae of Golgi
apparatus, enlarged channels of granular endoplasmic reticulum and vacuoles,
sometimes very large, could be traced (Fig. 2). In other, usually small nerve
cells, accumulation of the organelles in the cytoplasm around the nucleus and
along the long axis of dendritic processes was found (Fig. 3). In these cells
mitochondria had a dark or granular martix, cristae were irregularly arranged.
In the cytoplasm large vacuoles, dense bodies and lysosomes were present.
Mitochondrial alterations were confined only to a certain number of nerve cells
meanwhile in other neurons mitochondria were intact, but even in these cells
numerous vacuoles of different size could be found (Fig. 4). In the neuropil
swollen astroglial processes were encountered. Synapses showed no alterations,
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SR

Fig. 1. SN culture 14 DIV, 2 h after anoxia. Astrogliﬂ cells with damaged mitochondria (arrows),
vacuoles (v) and dense bodies (db). Swelling of cellular processes in the neuropil. x 3600
Ryc. 1. Hodowla istoty czarnej 14 dni in vitro (DIV), 2 godziny po anoksji. Astrocyty z
uszkodzonymi mitochondriami (strzatki), wakuolami (v) oraz cialami gestymi (db). Obrzmienie
wypustek komoérkowych w neuropilu. Pow. 3600 x

however, some of the post synaptic terminals identified as dendrites revealed
mild swelling (Fig. 5).

The cultures examined 24 h after anoxia were less affected. Some of glial
cells still showed low electron density and swollen cytoplasm. Occasionally
~ astrocytes with electron-lucent cytoplasm containing a diminished number of
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Fig. 2. The same culture. Nerve cell with vacuoles (v), enlarged cisternae of Golgi apparatus (G) and
swollen mitochondria (m). x 9000

Ryc. 2. Ta sama hodowla. Komorka nerwowa zawierajaca wakuole (v), poszerzone zbiorniki
aparatu Golgiego (G) i obrzmiale mitochondria (m). Pow. 9000 x

organelles confined to few vacuolar structures and damaged mitochondria with
disrupted cristae and membranes could be seen. The nuclei of these cells
revealed uniformly dispersed nucleoplasm forming a thin rim beneath the
nuclear envelope. A few reactive astrocytes with abundant, rich in organelles
cytoplasm and excentrically situated nucleus could also be observed. However,
the majorty of the glial cells had an intact ultrastructural pattern.
Individual nerve cell characterized by well developed granular endoplasmic
reticulum exhibited focal dilatations of its channels with voluminous vacuoles
filled with fibrillar material. The other organelles in these cells including
mitochondria and Golgi apparatus were not altered. Some of the neuronal cells
characterized by a small amount of granular endoplasmic reticulum channels
showed mild dilatations of Golgi apparatus cisternae and a few lipid droplets.
The cultures examined 48 and 72 h after anoxia showed only slight
ultrastructural alterations, confined to a small number of cells, mainly
astrocytes. The majority of neurons and of glial cells revealed intact ultrastruc-
tural characteristics (Fig. 6, 7). Sporadically astrocytes with abundant,
electron-lucent cytoplasm poor in organelles with large nucleus were seen.
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Fig. 3. The same culture. Small nerve cell with accumulation of organelles around the nucleus and
along the long axis of the dendritic process. Vacuoles (v), damaged mitochondria (m). x 4800

Ryc. 3. Ta sama hodowla. Mala komorka nerwowa wykazujaca nagromadzenie organelli
komorkowych wokot jadra i wzdluz wypustki dendrytycznej. Wakuole (v), uszkodzone
mitochondria (m). Pow. 4800 x

There were occasionally nerve cells with focal enlargement of granular
endoplasmic reticulum channels and small vacuoles. In some astroglial cells
thin, myelin-like lamellar figures could be seen (Fig. 7).

Astroglial cells corresponding to reactive forms were also rarely visible. The
glycogen particles in the glial cells and their processes were only slightly
increased in number as compared with those in control cultures.

DISCUSSION

Short-term anoxia in vitro induced no specific morphological changes in rat
SN neurons. The alterations observed in neuronal cells seem to be reversible to
a great extent as they were less pronounced and frequent in cultures examined
in later periods after oxygen deprivation. Structural abnormalities observed in
neurons represented thus rather a result of metabolic disturbances than deep
cell injury and might reflect transient anaerobic metabolism. Glial cell
alterations were more severe confirming the earlier observations of particular
sensitivity of these cells to anoxia in tissue culture conditions (Renkawek et al.
1986).
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Fig. 4. The same culture. Fragment of cytoplasm of another nerve cell. Well preserved
mitochondria (m), vacuoles (v). x 9000
Ryc. 4. Ta sama hodowla. Fragment cytoplazmy innej komorki nerwowej zawierajacej prawidiowo
zachowane mitochondria (m) i wakuole (v). Pow. 9000 x

The absence of intensive neuronal damage after anoxia in our cultures
could be compared to the results of previous experiments performed on cortical
slices which showed survival of numerous neurons even although their cellular
metabolism was disturbed (Cohen 1962). Temporary, 5 minutes lasting anoxia
performed on cerebral slices in vitro impaired the ability to reconstitute
phosphocreatine, although the other high energy compound, ATP could be
restored to a normal level even after 10 minutes of oxygen deprivation (Cohen
et al. 1983). Moreover, in vivo experiments with rats showed an age-dependent
vulnerability to anoxia and a relative resistance of the neonatal brain (Slotkin
et al. 1986). The preservation and relative resistance of young tissue to anoxia
confirmed also in vitro allowed to postulate that the synaptic activity may be
mainly responsible for the sensitivity of mature tissue to anoxia (Rothman
1983). However, distinct alterations were reported in cerebellar cultures
exposed to anoxia, even in the absence of synaptic contacts (Krasnicka et al.
1986).

The early morphological alterations observed after both ischemia and
anoxia in vivo included axonal degeneration (Yu et al. 1972) and perikaryal
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Fig. 5. The same culture. Two synaptic contacts (arrows). Well preserved axon terminals filled with
small round synaptic vesicles (Ax), slightly swollen dendritic process (D). x 9000
Ryc. 5. Ta sama hodowla. Dwa zakonczenia synaptyczne (strzaitki). Prawidlowo zachowane
zakonczenia aksonalne wypelnione okraglymi, malymi pecherzykami synaptycznymi (Ax),
nieznacznie obrzmiala wypustka dendrytyczna (D). Pow. 9000

* ¥ * e & % e L ¥ % . 2 0 ’ -
Fig. 6. SN culture 48 h after anoxia. Well preserved nerve cells. x 4800

Ryc. 6. Hodowla istoty czarnej 48 godzin po anoksji. Prawidlowo zachowane komérki nerwowe.
Pow. 4800 x
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Fig. 7. SN culture 72 h post anoxia. Myelin-like lamellar figures in the astroglial cytoplasm.
x 3600

Ryc. 7. Hodowla istoty czarnej 72 godziny po anoksji. Figury mielinopodobne w cytoplazmie
astrocytu. Pow. 3600 x

abnormalities with chromatolysis and Golgi apparatus changes (Bubis et al.
1976). Recent experiments, however, point to rather selective, primary dendritic
damage resembling excitotoxin effect (Johansen et al. 1984). In our experiments
both perikaryal and dendritic changes, but of mild intensity were found what
may have been determined by specific tissue culture conditions and especially
lack of afferent innervation.

The relative good preservation of SN neurons exposed to short t#rm anoxia
in our experiments suggests their resistance to oxygen deprivation. However,
further experiments with prolonged oxygen defficiency and longer survival
periods after anoxia seem to be necessary to confirm our supposition
representing an approach to evaluation of anoxic changes in SN in human
pathology.

ZMIANY MORFOLOGICZNE ISTOTY CZARNEJ SZCZURA PODDANE]
KROTKOTRWALEMU NIEDOTLENIENIU W WARUNKACH ORGANOTYPOWEJ
HODOWLI TKANKOWEJ

Streszczenie

Przeprowadzono mikroskopowo-elektronowa oceng zachowania si¢ elementow komorko-
wych istoty czarnej szczura poddanych 30-minutowemu niedotlenieniu w warunkach organotypo-
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wej hodowli pozaustrojowej. Zmiany ultrastrukturalne obecne zarowno w komorkach nerwowych,
jak tez glejowych byly najbardziej nasilone we wczesnym okresie po niedotlenieniu. Przemijajacy
charakter zmian morfologicznych i ich stosunkowo niewielkie nasilenie moga wskazywacé, ze istota
czarna reprezentuje struktur¢ malo wrazliwa na niedobor tlenu.

MOP®OJIOTMYECKUE UBMEHEHHWS YEPHOI'O BEIIECTBA KPBbICHI
[IOABEPTHYTOM KPATKOBPEMEHHOW I'MIIOKCUU B OPTAHOTUITMYHOMN
TKAHEBOM KVJIbTYPE

Pe3some

I1poBeneHbI 371€KTPOHHO-MHKPOCKOTIHYECKHE HAOIIONCHUS KJIETOYHBIX 3JIEMEHTOB YEPHOTO
BELLECTBA KPBIChI, MOABEPHryTOro 30-TH MHHYTHOM THIIOKCHH B OPraHOTHIIMYHON TKaHEBOM
KyJIbTYpe. Y IbTPAacTPyKTYpHbIC H3MEHEHUs, OOHApyXEeHHbIE KaK B HEPBHbIX, TAK ¥ B TJIHO3HBIX
KJIeTKax OblIM CAMMH MHTCHCHBHBIMH B DAHHEM MOCTrUNOKCHYecKoM mepuose. [lepexoasiumii
XapakTep MOp(OJIOrH4ecKUX HM3MCHCHMH M MX OTHOCHTEJbHO HeDO/bLIAS WHICHCUBHOCTD
NOKa3bIBaIOT, BEPOSTHO, YTO HEPHOE BEILECTBO SBJSAECTCSH CTPYKTYPOH Majlo YyBCTBUTE/IHOW B
YCIIOBHSIX KHCJIOPOJHOW HEJIOCTaTOYHOCTH.
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It is becoming increasingly clear that the hypothalamic magnocellular
nuclei, the particularly supraoptic and paraventricular ones, produce several
neuroactive substances in addition to vasopressin (VP) and oxytocin (OT) and
their respective neurophysin (Swanson, Sawchenko 1980).

Among the opioid peptides Leu-enkephalin was indentified biochemically
in the hypothalamo-neurosecretory system by Rossier et al. (1979, 1980).
According to electrophysiological data, Clarke et al. (1979) suggested
inhibitory regulation of oxytocin release from neurohypophysial terminals by
enkephalin. Martin and Voigt (1981, 1983) provided immunocytochemical
evidence for Met-enkephalin in OT-terminals, and Leu-enkephalin in
VP-terminals, relating to the intraneuronal and intravesicular coexistence of
enkephalins and neurohypohysial hormones. Convincing immunoelectron
microscopic evidence has been provived that enkephalinergic processes
terminate in synaptoid fashion on pituicytes and it"has been proposed that
these glial elements could mediate the inhibitory action of enkephalin on VP
and OT release from the neural lobe (Van Leeuwen et al. 1983).

The aim of the present study was to investigated the precise identity and
intracellular distribution of Leu-enkephalin in neurosecretory cells in the rat
hypothalamus by the use of immunocytochemistry.

MATERIAL AND METHODS

Animals: 10 male Sprague-Dawley rats weighing about 230 g, were housed
under controlled conditions with food and water ad libitum. Five of them were
subjected to experimentally evoked ischemia according to the method
described by Korpaczev et al. (1982). Under slight ether anesthesia, a special
needle clip was inserted into the animal’s chest and the vascular bundle of the
heart was constricted. This operation led to cardiac arrest and cessation of
blood circulation and respiration. Release of constriction of the heart vascular
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bundle after 2.5 min and application of external heart massage allowed the
return of the heart function and respiration within 1—3 min.

Immersion fixation. After this time the rats were decapitated and the brains
immediately removed. The hypothalamic tissue containing supraoptic and
paraventricular nuclei was immersed in fixative for 40 min. After fixation with
4% paraformaldehyde containing 0.1% glutaraldehyde, pH 7.4 in Sorensen
phosphate buffer, the tissue samples were dehydrated in graded series of
ethanol and finally embedded in Epon 812.

Immuno-gold procedure. The sections mounted on Nickel grids were
floated on 50% Bovine serum albumin (BSA) before incubation for 30 min at
room temperature in anti-Leu-enkephalin serum diluted 1:50 in phosphate-
-buffered saline (PBS). Then the grids were washed with PBS, floated 10 min on
normal goat serum (diluted 1:5 PBS) and then 10 min on goat anti-rabbit
immunoglobulins conjugated to colloidal gold particles 5 nm in diametre
(1:100 in PBA) (Janssen, Pharmaceutica Beerse, Belgium). Controls were
carried out by using incucations in rabbit normal serum 1:5 in PBS phosphate-
-buffered saline in place of antibodies. After succesive washing in PBS and
distilled water the grids were air-dried. They were stained with uranyl acetate
4.7% in distilled water for 20 min, and washed for 30 sec with Reynold’s
solution. Electron microscopy: sections were examined and photographed in a
Philips EM 300.

RESULTS

In the routine procedure neurons of supraoptic (SO) and paraventricular
(PV) nuclei possessed a large rounded nucleus with an excentrically located
nucleolus, very well developed rough endoplasmic reticulum and a prominent
Golgi apparatus (Gajkowska 1987) Neurosecretory granules were seen in the
Golgi area or distributed throughout the cytoplasm. Lysosomes and multi-
vesicular bodies or nucleolus-like bodies were rarely observed.

Fixation with 4% paraformaldehyde and 0.1% glutaraldehyde resulted in a
sufficient preservation of immunoreactive Leu-enkephalin, however, with this
immunocytochemical procedure the overall morphology and ultrastructural
details were poorly visualized (Figs 1, 2, 3, 4).

At the EM level, Leu-enkephalin-positive perikarya were among the largest
in the SO nucleus, and sometimes were found among the neurons of the PV
nucleus. Immunostaining was mainly localized on rough endoplasmic
reticulum (RER) when gold particles were concentrated labelled with 5-nm
particles of colloidal gold in control and experimental animals. Little or no

F ig:s 1-4. Post-embedding immuno-gold labelling of rat supraoptic and paraventricular nuclei with
anti-Leu-enkephalin. Paraformaldehyde-glutaraldehyde fixation. Uranyl acetate and lead citrate
counterstaining

Ryc. 1-4. Pogatopieniowe immunologiczne znakowanie ziotem Leu-enkefaliny w jadrze nad-
wzrokowym i jadrze przykomorowym. Utrwalanie paraformaldehydem i glutaraldehydem.
Dobarwienie octanem uranylu i cytrynianem ofowiu
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~ Fig. 1. Fragment of unlabelled neuron of paraventricular nucleus. Control animal. x 45000
Ryc. 1. Fragment niewyznakowanego neuronu jadra przykomorowego. Zwierze kontrolne. Pow.
45000
Fig. 2. Fragment of neuron of supraoptic nucleus containing very well developed rough
endoplasmic reticulum labelled with gold particles (5 nm). Control animal. x 36000

Ryc. 2. Fragment neuronu jadra nadwzrokowego z dobrze rozwini¢ta ziarnista siateczka
srodplazmatyczna wyznakowana czasteczkami zlota (5 nm). Zwierz¢ kontrolne. Pow. 36000 x
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Fig. 3. Fragment of well developed rough endoplasmic retlculum abundantly labelled with gold
particles in supraoptic nucleus. Experimental animal. x 36000

Ryc. 3. Fragment dobrze rozwinigtej siateczki Srodplazmatycznej ziarnistej wyznakowanej
czasteczkami ztota w jadrze nadwzrokowym. Zwierz¢ doswiadczalne. Pow. 36000 x
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Fig. 4. The rough endoplasmic reticulum area of Leu-enkephalin-immunopositive perikaryon in

periventricular nucleus. No other cell organelles are labelled. Experimental animal. x 60000

Ryc. 4. W perykarionie jadra przykomorowego obszary siateczki $rodplazmatycznej ziarnistej

Leu-enkefalino-immunopozytywne. Inne organelle komoérkowe nie sa wyznakowane. Zwierze
doswiadczalne. Pow. 60000 x
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immunoreactivity was present on rough endoplasmic reticulum in SO and PV
neurons of control animals (Figs 1, 2). After 2.5 min ischemia Leu-enkephalin
immunoreactivity was observed in SO and PV neurons in a similar distribution
(Figs 3, 4). The majority of the immunoreactive cells was located in the
supraoptic nucleus. This was observed in normal as well as in experimental
conditions.

DISCUSSION

In the present study we examined by the immunocytochemical method the
localization of immunoreactive Leu-enkephalin substances in neurosecretory
cells of SO and PV neurons of normal rats and after transient ischemia.

At a subcellular level the Leu-enkephalin-like immunoreactivity was
localized on the rough endoplasmic reticulum. The intensity and frequency of
Leu-enkephalin immunostaining in the cytoplasm was much enhanced by
experimentally induced ischemia. The presence of gold particles on the RER
indicated the sites of newly synthesized proteins. From the result of our studies
it is clear, that transient cerebral ischemia evoked metabolic activation of
synthesis of precursor forms of proteins. This phenomenon has been previously
described in conventional electron microscopy studies as extensive hypertrophy
of RER in neurosecretory cells of SO and PV nuclei (Gajkowska 1987).

It is surprising that a short time after application of the ischemic conditions
the Leu-enkephalin immunoreactivity concerned RER exclusively. This finding
seem to be connected with the fact that the specimens studied were taken from
animals immediately after the ischemic incident. The possibility can not be
precluded that in a longer period of time after ischemia others intracellular
structures, especially those responsible for posttranslational modifications of
the proteins (Golgi complex, neurosecretory granules) would also be labelled.
Martin et al. (1983) and Lamberts and Goldsmith (1985) observed in
neurosecretory terminals of rat neurohypophysis coexistence of enkephalin and
neurohypophysial hormones (VP, OT). The authors suggested the coexistence
of immunoreactive Leu-enkephalin and VP and Met-enkephalin and OT in
neurosecretory granules. Various data from the literature revealed the role of
enkephalin in modulation of VP and OT release in the neural lobe (Van
Wimersma Greidanus et al. 1979; Lutz-Bucher, Koch 1980).

In conclusion, our study suggets that enkephalin-like cells were observed
mostly in the SO nucleus of the hypothalamus under normal and experimental
conditions, and distribution of colloidal gold clearly indicates immunopositive
structures without obscuring their identity. It is worth noting that an
experimental animals concentration of gold particles on RER were higher than
in control animals.

The presence of Leu-enkephalin is some neurons of SO and PV nuclei
suggest that enkephalins may play an important role in the hypothalamo-
-hypophyseal system after ischemia.
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BARWIENIE IMMUNOLOGICZNE Z UZYCIEM ZLOTA LEU-ENKEFALINY
W NEUROSEKRECYJNYCH JADRACH PODWZGORZA SZCZURA

Streszczenie

Zbadano immunocytochemicznie lokalizacj¢ Leu-enkefaliny w neuronach jadra nadzwroko-
wego (SO) i jadra przykomorowego (PV) podwzgérza szczura, stosujac metode IGS (immuno-gold
staining). Czasteczki zlota (5 nm) znakowaly wyraznie, jedynie, obszary zajmowane przez ziarnista
- siateczk¢ Srodplazmatyczna (RER). Badania te przeprowadzono takze u zwierzat po krotko-
trwatym (2,5 min) niedokrwieniu mézgowia, u ktorych czasteczki ztota znakujace Leu-enkefaling
wystgpowaly w takiej samej lokalizacji, ale bardziej licznie. Leu-enkefalino-pozytywne neurony
spotykano czgsciej w SO niz w PV.

Przypuszcza sig, ze Leu-enkefalina syntetyzowana w obydwu jadrach neurosekrecyjnych
odgrywa rol¢ w regulacji ukladu podwzgoérzowo-przysadkowego, rowniez w warunkach niedo-
krwienia.

UMMVYHOJIOTUYECKASA PEAKLIUA JIEV-DHKE®AJIMHA C VIIOTPEBJIEHUEM
30JIOTA B HEBPOCEKPEILIMOHHBIX SAJIPAX I'MIIOTAJIAMYCA KPBIChI

Pesome

HUccsienopanack MMMYHOLMTOXMMHUYECKAsl JIoKaim3anus Jley-snkeanuua B HeBpoHax N.
supraopticus (SO) u N. paraventricularis (PV) runotanamyca Kpbicl ¢ ynoTpe6aeHneM immuno-
-gold meronma. YacTuusl 3050Ta (5 nm) NoKa3bIBaIM TOJLKO 06JIACTH 3aHATHIE YHAOMIA3MATH-
YECKOW 3EpHUCTOM ceTdyaTKoW. WMICHTHYHBIE HCCIENOBAHUS TPOBOJAMIMCHL Y JXHBOTHBIX C
KPaTKOBPEMEHHOH TMOJIHOW HINEMMEH LEHTPAJbHON HEPBHOH CHCTeMbl. PacnosioxkeHue 4acTHIl
3010Ta CBA3aHHBIX ¢ Jley-HKkepamMHOM HMeEO B OOEHX rpymmax XHBOTHBIX TAKYIO XK€ CAMYIO
JIOKAJIM3alHI0, HO OTJIMYAJIOCh WHTEHCHBHOCTBIO HakoruieHus. HeBpoHwl comepxasiume Jley-
-oHKe(anuH BeicTynanu vame B SO yem B PV.

[Ipeanonaraercs, 4ro Jley-sHkeanuH CHHTETH3HPOBAHHBIH B ODOMX HEBPOCEKPELMOHHBIX
S/Ipax HMrpaeT CyMIECTBEHHYIO POJIb B PEryJslMH THIOTAJAMO-THNOMHU3aPHON CHCTEMBI TOXE
B YCJOBMAX HILEMHH MO3ra.
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Multiple sclerosis (MS) is considered as a disease of young adults. However,
a number of data presented recently point to a possibility of appearance of the
disease symptoms in middle age, and even in advanced age, over 50—60
(Leibowitz et al. 1964). In the material of Leibowitz et al. (1964) among 282
cases of MS in 10% the disease began beyond 50 years of age. According to
data of Noseworthy et al. (1983) such a late beginning of MS was found in
9.4% among 838 cases. In advanced age the course of the disease is usually
progressive without remission and relapses (Larsen et al. 1985). Spinal motor
(Leibowitz et al. 1964) or spinal and cerebellar signs (Noseworthy et al. 1983)
predominate. Older patients are bedridden earlier than young ones (Miiller
1951; Cazzulo et al. 1978; Detels et al. 1982). Diagnosis of MS is often difficult
since the slow deteriorating motor function is misinterpreted very frequently as
brain and spinal cord vascular disease. It is possible that differences in the
clinical picture of MS in young and old cases may be related to morphological
dissimilarity of the pathological process. Therefore, a comparison of
morphological changes in various age cases, especially histological evaluation
of immunological exponents of MS seems ineresting.

MATERIAL
The examined material comprised four cases of MS. Two of them concerned
young people in which clinical picture and course of the disease were typical.

Postmortem neuropathological examination confirmed clinical diagnosis of

**Work supported by the Institite of Psychiatry and Neurology within agreement No r.34.1.
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MS. Two other cases concerned old peoples in which clinical picture and
course suggested clinical diagnosis of. cerebral stroke of vascular origin. Short
characteristics of all cases is presented below.

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

Case 2. Male patient, 41-year-old. Onset of the disease at the age 29. Course
of the disease: at first with remissions and relapses, after 39 years of age —
progressive. Clinical symptomatology: numerous, polysystemic symptoms
typical of MS. Bedridden at the age of 39. Duration of the disease: 12 years.
Clinical diagnosis: Multiple sclerosis. Cause of death according to postmortem
examination: pneumonia. In both’ above mentioned cases during final
hospitalization cerebro-spinal fluid was not examined.

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

Case 4. Female patient, 81-year-old with no data concerning the beginning
of the disease. As far as the course of the disease is concerned, there were data
on gait disturbances lasting for some years. For one month prior to hospita-

Figs 1 and 2. Case 3. Paraventricular demyelination. Kliiver — Barrera. Natural size
Ryc. 1 and 2. Przypadek 3. Okolokomorowa demielinizacja. Kliiver — Barrera. Wielkos$¢ naturalna
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Fig. 3. Case 4. Paraventricular demyelination. Kliiver —Barrera. Natural size
Ryc. 3. Przypadek 4. Okolokomorowa demielinizacja. Kliiver —Barrera. Wielkos¢ naturalna

Fig. 4. Case 4. Paraventricular demyelination with finger-like process. Kliiver —Barrera. Natural
size

Ryc. 4. Przypadek 4. Okolokomorowa demielinizacja z palczasta wypustka. Kliiver —Barrera.
Wielkos¢ naturalna

lization patient was incoherent and bedridden. No pathological changes of
CSF were found. Cause of death according to postmortem examination:
pneumonia. '

In all cases autopsy was performed before 24 hours after death.
Postmortem examination of formalin-fixed brain and spinal cord in cases 1 and
2 confirmed clinical diagnosis of MS. In cases 3 and 4 with diagnosis of
cerebral stroke, diagnosis of MS was established during gross examination of
the brain, which revealed typical and typically located periventricular
demyelination plaques (Figs 1—4). They were greyish in colour and were
sharply demarcated from the surrounding tissue.

METHODS

For histopathological examination paraffin-embedded slices were stained
with hematoxylin and eosin, and by van Gieson, luxol fast blue and PTAH —
Mallory’s methods. A part of slices was impregnated by Bielschowsky’s and
paraffin-modification of Cajal’s method. In all cases three hemispheric slices (at
the levels od basal ganglia, thalamus, and parieto-occipital region) and two
brain stem slices were examined. On those sections from both groups of cases a
trial of morphometric estimation of the immunological process intensity was
carried out consisting in calculation of active demyelination plaques and
perivascular infiltrates. In the histopathological investigation the picture of
active acute, and subacute plaques was evaluated using Adam’s following
criteria concerning active plaques: 1. Congestion with or without transudate, 2.
Distinct astroglial response, 3. Microglial reaction, 4. Loosening of tissue
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Fig. 5. Case 1. Congestion, astroglial and microglial proliferation, discreet perivascular infiltrates,
loosening of tissue structure. H—E. x 112
Ryc. 5. Przypadek 1. Przekrwienie, rozplem astro- i mikrogleju, dyskretne okolonaczyniowe
nacieki limfocytarne, rozrzedzenie podioza. H—E. Pow. 112 x

Fig. 6. Case 3. Congestion, eccymosis, astroglial proliferation discreet perivascular unfiltrates,
loosening of tissue structure. H—E. x 112

Ryc. 6. Przypadek 2. Przekrwienie, wybroczyna krwotoczna, pobudzenie gleju astrocytarnego,
dyskretne nacieki okolonaczyniowe, rozrzedzenie podloza. H—E. Pow. 112 x

Fig. 7. Case 3. Congestion, perivascular transudate, reactive astrocytes, loosening of tissue
structure. H—E. x 224

Ryc. 7. Przypadek 3. Przekrwienie, przesick okolonaczyniowy, przerost astrocytow, rozrzedzenie
podioza. H—E. Pow. 224 x

Fig. 8. Case 3. Perivascular transudate, hypertrophic astrocytes, single rod cells. H—E. x 224

Ryc. 8. Przypadek 3. Przesick okolonaczyniowy, przeroste astrocyty, pojedyncze komorki
mikrogleju poteczkowatego. H—E. Pow. 224 x

structure, 5. Reduced myelin staining with slightly marked edge, 6. Perivascular
lymphocytic infiltrates.

A distinctly outlined area with few vessels and a scarce amount of
astrocytes was considered to be an old plaque.

The quantity of lymphocytes in the perivascular space was identified and
evaluated in a scale from 1+ to 3+: 14+ — a few perivascular lymphocytes
(discreet lymphocytic infiltrate), 2+ — monolayer lymphocytic infiltrate,
3+ — multilayer perivascular lymphocytic infiltrate (cuff).

Because of the participation of plasmatic cells, monocytes, and phagocytes
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in the immunological process, they were counted in every perivascular infiltrate
in each case. These data are given in absolute numbers which are the sum
obtained in 2 younger and 2 senile MS cases.

RESULTS

Congestion was found in all cases in the active plaques (Figs 5, 6 and 7)
particularly in very small vessels. The perivascular transudate (Figs 7, and 8)
and ecchymoses (Figs 6 and 9) were visible only in case 3 within the pale and

Fig. 9. Case 3. Ring perivascular hemorrhage, hypertrophic astrocytes, loosening of tissue structure.
H—-E. x 224

Ryc. 9. Przypadek 3. Kolista wybroczyna okotonaczyniowa, przerosle astrocyty, rozrzedzenie
podioza. H—E. Pow. 224 x

Fig. 10. Case 1. Dense zone of glial cells at the plaque margin (arrows). Discreet perivascular
infiltrates. H—E. x 32
Ryc. 10. Przypadek 1. Oboczny wat glejowy (strzatki). Dyskretne nacieki okotonaczyniowe. H—E.
Pow. 32 x
Fig. 11. Case 3. Numerous glial cells in the white matter, indistinct dense zone of glial cells at
plaque edge. H—E. x 112
Ryc. 11. Przypadek 3. Zageszczenie gleju w istocie bialej, stabo zaznaczony oboczny wat glejowy.
H—-E. Pow. 112 x
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-

Fig. 12. Case 1. Congestion, hypertrophy of astroglial cells, rod cell forms of microglia, discreet
perivascular lymphocytic infiltrates. H—E. x 448

Ryc. 12. Przypadek 1. Przekrwienie, przerost astrocytow, komorki mikrogleju pateczkowatego,
dyskretne okotonaczyniowe nacieki limfocytarne. H—E. Pow. 448 x

Fig. 13. Case 3. Congestion, discreet perivascular lymphocytic infiltrates, reactive astrocytes,
loosening of tissue texture. Lack of microglial rod cells. H—E. x 448

Ryc. 13. Przypadek 3. Przekrwienie, dyskretny okolonaczyniowy naciek limfocytarny, przeroste
astrocyty, rozrzedzenie podloza. Brak komorek paleczkowatych mikrogleju. H—E. Pow. 448 x

somewhat rarefied background with a scarce amount of cells (Figs 4, 5 and 7).
Reduced myelin staining and loosening of the active plaque structure was
noted in all cases (Figs 3, 4, 5, 6 and 7).

Proliferation of astrocytes with appearance of their reactive forms was seen
within plaques in all cases, but the astroglial response on the active plaque edge
was more pronounced in case 1 and 2 than in senile cases (Figs 10, 11).

The participation of activated microglia in active plaques was also more
distinct in cases 1 and 2 than in senile cases (Figs 12, and 13). The most
important difference concerned the intensity of the lymphocytic reaction. In all

Fig. 14. Case 1. Perivascular lymphocytic infiltrate with phagocytic cell participation, hypertrophic
astrocytes, rod cells. H—E. x 448
Ryc. 14. Przypadek 1. Okotonaczyniowy naciek limfocytarny z udzialem makrofagéw, przeroste
astrocyty, komorki paleczkowate. H—E. Pow. 448 x

Fig. 15. Case 1. Multilayer and discreet perivascular lymphocytic infiltrates. H—E. x 112
Ryc. 15. Przypadek' 1. Wielorzgdowy oraz dyskretne nacieki limfocytarne. H—E. Pow. 112 x
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Table 1. Intensity of the perivascular mononuclear cells response within fresh plaques
Tabela 1. Nasilenie okolonaczyniowych naciekéw komorek jednojadrzastych w $wiezych blaszkach

Mean age in Lymphocytic infiltrates Other cells in infiltrates
Groups of MS groupe Number of Nacieki limfocytarne Inne komorki w naciekach
Grupy wiels(l:d:j agm t;'rj‘s:lz]b:laé?‘::'s | Disoreet | BEONOM per Mhinre Monocytes | Plasmocytes | Phagocytes
. = R Pruck T :

przypadkow z MS pach zych blaszek DySI_(:eme Jedioim' Wflif_zsd. Monocyty | Plazmocyty | Makrofagi
Young age
cases 373 27 26 17 10 21 18 83
Przypadki wieku miodego
Senile age
cases 78.5 2 12 — - 2 3 8

Przypadki wieku starczego
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cases within the active plaque and at its edge discreet perivascular lymphocytic.
infiltrates (Figs 10, 11, 13 and 14) were seen. However, only in case 1 and 2
mono- or multilayer perivascular lyphocytic infiltrates were found (Fig. 15).
They surrounded greater number of vessels in cases 1 and 2, than in cases 3 and
4. This was possibly connected with a greater number of active plaques in case
1 (14 plaques) and 2 (13 plaques), than in analogous sections in case 3
(7 plaques) and 4 (5 plaques) (Table 1.)

Discreet perivascular lymphocytic infiltrates in apparently normal white
matter occurred in all cases. In the subarachnoid space discreet and monolayer
infiltrates were found in cases 1 and 2 (Fig. 16). Among the senile cases few
discreet infiltrates were seen subarachnoideally only in case 3. The participa-
tion of other mononuclear cells (counted only within perivascular lymphocytic
infiltrates) was different in younger cases than in senile ones. Comparison of
younger cases with senile ones is difficult, considering the fact that the number
of active plaques in senile cases made up 45% of the number of plaques in cases
1 and 2. In young age cases, however, 18 plasmatic cells, 21 monocytes and 83
phagocytes were found, whereas in senile cases the number of these ceils
amounted to 2, 3 and 8 respectively. Thus, the latter numbers were several
times lower. The old plaques in both groups differed only in respect to the
lymphocytic reaction, more distinct in cases 1 and 2. Activated areas of old
plaques were found in both groups.

Fig. 16. Case 1. Discreet perivenous infiltrate in subarachnoid space. H—E. x 448

Ryc. 16. Przypadek 1. Dyskretny naciek okolozylny w przestrzeni podpajeczynéwkowej. H—E.
Pow. 448 x

DISCUSSION

It is commonly accepted, that the recent areas of demyelination are
characterized by congestion with or without transudate, marked proliferation
of astroglial and microglial cells, loosening of tissue structure, partial
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destruction of myelin and perivenous lymphocytic infiltrates (Adams 1977).
Activated neuroglia cells form the plaque border. An old plaque shows a
distinctly outlined border and a scarce amount of astrocytes within the plaque.
The activated plaque can be distinguished by signs of recent plaque at
peripheral zone of demyelinated area.

Evaluation of MS patients deceased in young and advanced age on the
basis of the above listed criteria, indicates, that congestion is a constant feature
of recent demyelination. Perivascular transudate and ecchymoses were found
only in senile case 3. Interpretation of changes in this area is difficult. Markedly
reduced myelin staining with rarefaction of background with scarce cells seems
to indicate rather an old demyelinative focus, but considerably increased
vascular permeability and perivascular lymphocytic infiltrates point to the
possibility of an acute and subacute process. This process would be atypical
because activation of the demyelinated area takes place in the central part of
the plaque. In the subject deceased at the age of 76, the effect of the period
before death, increasing vascular permeability within the rarefied plaque
cannot be excluded. Glial proliferation with reactive astrocytic forms was
present in all cases, but a dense zone of cells at the plaque perimeter was more
marked in younger cases. Although, it is necessary to emphasise difficulties
interpretation of the morphological picture in senile cases. Astroglial and
microglial proliferation forms a distinct dense cell zone surrounding the plaque.
In senile individuals with cerebral atrophy resulting in reduction of the brain
volume, including the white matter, microscopic evaluation of the latter gives
the impression of distinct astroglial proliferation. The lack of standards for
determining the number of astroglial cells on the respective surface of tissues at
various ages does not allow reference.

Thus, it is impossible to determine deffinitively whether in senile individuals
astroglial proliferation is present or whether there is a standard for a respective
age. Therefore, assessment of the plaque margin glial proliferation is very
difficult and estimation of the old plaque activity is also not easy in senile cases.
A widening of the demyelination area probably could mean a manifestation of
small vessels congestion. An essential criterion for assessment of the demyeli-
nation process activity is a perivenous hematogenic infiltrate composed of
lymphocytes, monocytes, plasma cells, which represents a morphological
exponent of an immunological process. In cases with the onset of illness and
death at young age discreet lymphocytic infiltrates occur around a greater
number of vessels than is senile cases.

The presence of mono- and multilayer infiltrates in young cases, contrary to
senile ones, in which those infiltrates within a plaque and its neighbourhood
were not observed, is also worth noting. In our material the lymphocytic
reaction in senile cases was weaker in spite of distinct demyelinative
manifestations, than in younger cases. The infiltrates located in the dense zone
of glial cells surrounding a plaque and in the subarachnoid space were also
more marked and more numerous in younger cases.
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However, there was no clear difference in respect to the inflammatory signs
in apparently healthy tissues in both groups. The effect of the immunological
process in MS include i.a. an increased IgG level in the cerebro-spinal fluid
(CSF) and serum (Davison, Curner 1977; Thompson 1977), the presence of IgG
in astrocytes of recent plaques (Davison, Curner 1977), humoral response to
oligoclonal IgG (Kappa) (Link et al. 1980), and a considerable percentage of
oligoclonal IgG in the CSF (Noseworthy et al. 1983).

In exacerbations of the disease, a decrease of early lymphocytes T and T, in
blood is observed (Reinherz et al. 1980), similarly as in acute experimental
allergic encephalitis (EAE) (Raine et al. 1980). The number of cytotoxic Ty cells
decreases and their reduction is more evident in the CNS than in the blood
(Zaffaroni et al. 1985). It is not clear, whether it is a sign of migration of those
cells from the blood to the CSF via the perivascular space of the brain (Nyland
et al. 1982). Numerous data indicate, however, that the function of the
immunological system varies with ageing since the thymus gland, bone
marrow, spleen and lymph nodes are growing old. The number of T,; cells
decreases (Nagel et al. 1981; Dwilewicz-Trojaczek 1982). In MS plaques Ty
lymphocytes dominate in the perivascular infiltrates (Brinkman et al. 1982,
Nyland et al. 1982). The drop of T}, cells count is connected with a decline of
interleukine 2 production in old humans (Makinodan, Hirokawa 1985) and
animals (Gaidl et al. 1976). It results in failure of the humoral reaction. It seems
that the decrease of IgG in the serum in old MS persons may be
a manifestation of that failure (Thompson 1977).

Controversial data on T, lymphocytes: both the decline of the number of T,
cells (Nagel et al. 1981; Dwilewicz-Trojaczek 1982) and their insufficiency as
well as the increase of their activity in humans (Makinodan, Hirokawa 1985)
and animals have been described (Gaidl et al. 1976). Contrary to short-living
lymphocytes B (5— 14 days), lymphocytes T live a long time (10— 15 years)
(Kuratowska 1982). Therefore, they are subjected to the process of ageing,
likewise as cells of other tissues.

Absolute and percentual T-cell counts indicate a significant depression with
ageing (Teasdale et al. 1976). The surface density of antigen Thy I on the T cell
surface decrease with ageing. Within the mitochondria of lymphocytes T of old
subjects the number of mitochondrial cristae diminishes and myelin-like bodies
occur, the ultrastructure of the cell nucleus is also changed. Metabolic
disturbances occur as well (Makinodan, Hirokawa 1985). Consequently, in the
ageing process not only the regulatory character of thymus, but also senile
changes of lymphocytes T lead to failure and alterations of the cell-mediated
and humoral immunological reactions. In our cases the perivascular lymphocy-
tic and other infiltrate cell reaction within the plaque and in the adjacent area
is distinctly less intensive than in the younger cases compared for reference. The
number of monocytes, plasma cells and phagocytes in perivascular infiltrates
may constitute an additional criterion for estimation of the local immunologi-
cal activity. The absolute number of those cells in infiltrates of senile cases was
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considerably lower than in younger cases, which were moreover treated with
suppressive drugs.

Histological evaluation does not enable a conclusion as to the insufficiency
of the immunological system. It is possible only to suppose that the lack of
plasma cells may be connected with insufficiency of lymphocytes B, resulting
from the defective regulative function of the lymphocyte T system. Although
the B-cell number remains stable, their function is impaired with ageing
(Teasdale et al. 1976).

Ageing of the bone marrow and reticuloendothelial system may influence
the decrease of monocytes and phaggocytes quantity in the perivascular
infiltrations of recent demyelinative plaques. May be the weak reaction of
microglial cells in senile cases is also connected with ageing.

In the experimental investigation the antigen originating from old animals
showed reduced encephalitogenic properties as compared with young animals’
(Wender, Goncerzewicz 1987). It is possible that in human advanced age the
morphological picture of the demyelination plaques depends on antigen
properties as well as on the change of the immunological response.

If MS is an autoaggressive disease, the changed properties of antigen would
in advanced age modify pathogenesis and the morphological picture of the
disease. A peculiarity of the clinical picture of MS in advanced age could be
related to an insufficiency or a different reaction of the ageing immunological
system as well as to changed properties of the antigen. In senile MS cases the
contribution of multi-organ or systemic disease processes should also be taken
into account.

W SPRAWIE MODYFIKACJI OBRAZU HISTOPATOLOGICZNEGO
STWARDNIENIA ROZSIANEGO W WIEKU STARCZYM

Streszczenie

U dwoch chorych zmartych z rozpoznaniem udaru niedokrwiennego w wieku 76 i 81 lat na
sekcji makroskopowej mozgu stwierdzono typowe, zlokalizowane okolokomorowo, blaszki
stwardnienia rozsianego. Porownano aktywne ogniska demielinizacyjne w tych przypadkach z
aktywnymi ogniskami demielinizacji u zmarlych z rozpoznaniem SM w wieku 33 i 41 lat.
W starczych przypadkach SM stwierdzono niewielki udzial mikrogleju oraz wyraznie mniejsza
reakcj¢ limfocytarna. Okolonaczyniowe nacieki limfocytarne byly mniej liczne oraz mniej
intensywne niz u zmarlych w wieku miodym i srednim. W naciekach okolonaczyniowych w
przypadkach starczych komorki plazmatyczne, monocyty i fagocyty byly mniej liczne. Uwzgled-
niono mozliwos¢ wplywu starzenia si¢ ukladu immunologicznego na obraz histopatologiczny
aktywnych blaszek SM w wieku starczym.

K MOJJU®UKALIMM T'MCTOMATOJIOTMYECKON KAPTUHBI PACCESIHOT'O
CKJIEPO3A B CTAPYECKOM BO3PACTE

Pesome

VY nByx 60JbHBIX yMepILIMX B Bo3pacTe 76 u 81 roaa ¢ qMarHo30M HMILIEMHYECKOrO MHCYJIbTa
MO3ra, Ha aBTONCHH MO3ra OOHAapYyXEHO THNHYECKHE, TNEPUBEHTPHKYJSAPHO PACIOJIOKEHHBIE
OJISIIKH PACCESHHOTO CKJIEpO3a. AKTHBHBIC OYard JEMHEIHHH3AIMH B 3THX CTAPYECKHX CIydasx

http://rcin.org.pl



222 J. Rafatowska et al.

ObLIM CpaBHEHbI C AKTUBHBIMHU JIEMHETMHU3AIMOHHBIMUA OYaraMM yMEpLIMX C JMarHo3oM pac-
CeSHHOTO CKJiepo3a B Bo3pacte 33 u 41 ner.

B CTAp4YeCKUX Cly4asX KOHCTATHPOBAHO MEHBUICEC Y4HYaCTHEC MHKPOIJIHM M OTHCTIHBO MeE-

HBIIYIO JTUMbOIUTApHYIO peakimio. [lepuBackyIspHbIX JTUMQOUMTAPHBIX HHGUILTPATOB OBLIO
MeHbllie ¥ OblIM OHM MEHEEe WHTCHCHBHBI, YeM B CIIy4asiX, YMEpIIHX W MOJIOZIOM B CPEIHEM
Bo3pacTte. B nepuBackyIspHbIX MHQUIBTPATAX CTAPYECKMX CiIyyaeB OOHAapyXeHO MeEHbLIE
MJIa3MaTHYECKUX KJIETOK, MOHOLMTOB M ¢arouutoB. OO6CyXIaeTcsi BO3MOXHOCTH BJIMSIHHS
CTApeHHsi UMMYHOJIOTHYECKOH CHCTEMBbl Ha TMCTOMATOJIOTMYECKYIO KapTHHY AKTHBHBIX O4YaroB
PaccestHoro CKJiepo3a B CTapyeckoM BO3pacTe.
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BADANIA AKTYWNOSCI B-MONOOKSYGENAZY DOPAMINOWE]J
W MOZGU I NADNERCZACH KROLIKA pt

Katedra i Zaklad Chemii Fizjologicznej, Akademia Medyczna, Lublin

W osrodkowym ukladzie nerwowym krolika z dziedziczng drzaczka
porazng (krolik pt) wykazano znaczne roznice w stezeniu amin katecholowych
w porownaniu ze st¢zeniami wystepujacymi u krolika zdrowego (Borkowska i
wsp. 1986). Dotyczy to przede wszystkim niskiego poziomu dopaminy w pniu
mozgu i moézdzku mutantow neurologicznych, przy roOwnoczesnym wyzszym
poziomie noradrenaliny. Enzymem katalizujacym reakcje hydroksylacji
dopaminy do noradrenaliny zarowno w osrodkowym, jak i w obwodowym
ukladzie nerwowym, jest f-monooksygenaza dopaminowa (Levin i wsp. 1960).

W celu wyjasnienia, czy obserwowane roznice poziomu noradrenaliny
wynikaja ze zmian aktywnosci P-monooksygenazy dopaminowej, podj¢to
probg porownania aktywnosci tego enzymu u krolikow pt i krolikow zdro-
wych. Badania przeprowadzono na zréznicowanych anatomicznie obszarach
osrodkowego ukladu nerwowego oraz na nadnerczach.

MATERIALY I METODY

Material doswiadczalny stanowily 6 —8 tygodniowe kroliki objawowe pt
wyhodowane w Zwierzgtarni Centrum Medycyny Doswiadczalnej i Kliniczne;j
PAN w Minsku Mazowieckim oraz kroliki zdrowe w tym samym wieku, ktore
pochodzily spoza stada mutantow pt. Po usmierceniu zwierzat preparowano
nadnercza, a z mozgu izolowano pien moézgu i mozdzek, ktore natychmiast
zamrazano.

Aktywnos$¢ B-monooksygenazy dopaminowej oznaczano na podstawie
metody Nagatsu i Udenfriend (1972), stosujac jako substrat tyraming. Metoda
polega na enzymatycznym przeksztalcaniu tyraminy w oktopamine, ktora po
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226 K. Kowalczuk i wsp.

utlenieniu do p-hydroksybenzaldehydu oznacza si¢ spektrofotometrycznie przy
330 nm.

Homogenizacj¢ tkanek przeprowadzano w buforze Tris-HCl (5 mmol/l) o
pH 6,5 z dodatkiem roztworu Triton X-100 w ilosci 0,1/100 ml w
temperaturze 0°C stosujac 10 ml roztworu buforowego na 1,0 g tkanki
(Bouclier i wsp. 1977). Homogenat wirowano przez 20 minut przy 10 tys.
obrotow/min, a uzyskany supernatant stuzyl do oznaczen aktywnosci DBH.

Proby inkubacyjne zawieraly: bufor octanowy 1,0 mol/l, pH 5,5—-0,2 ml,
fumaran sodowy 0,2 mol/l — 0,05 ml, N-etylomaleimid 0,2 mol/l — 0,15 ml
N-metylo-N-benzylo-2-propylaming 0,02 mol/l — 0,05 ml, kwas askorbinowy
0,2 mol/l, pH 5,5 — 0,05 ml, roztwor katalazy (akt. 35405 jedn. Bergmayera/ml,
.. odpowiada~41000 U) — 0,30 ml, tyraming¢ 0,4 mol/l — 0,05 ml oraz
homogenat tkankowy 0,05 lub 0,4 ml. Czas inkubacji wynosit 20 lub 60 minut,
a temperatura 37°C. :

Proby kontrolne zawieraly od poczatku inkubacji inaktywowany enzym.
Ze wzgledu na obecno$¢ endogennej tyraminy w mozgu zwierzat (Spector i
wsp. 1964) przeprowadzono rowniez dodatkowa kontrol¢ w postaci inkubacji
homogenatu bez egzogennej tyraminy. Reakcj¢ enzymatyczna przerywano
przez dodanie roztworu kwasu trdjchlorooctowego (3 mol/l) w ilosci 0,2 ml.
Nastepnie proby wirowano, a klarowny supernatant przenoszono na kolumny
Dowex 50 W w formie H*. Oktopaming eluowano przy pomocy 2 ml roztworu
NH,OH o stgzeniu 4 mol/l. Utlenianie oktopaminy do p-hydroksybenzalde-
hydu przeprowadzano w ciggu 5 minut przez dodanie do eluatu 0,2 ml
nadjodanu sodowego o stgzeniu 2 g/100 ml, a nadmiar NaJO, unieczynniano
przy pomocy 0,2 ml pirosiarczynu sodowego o stezeniu 10 g/100 ml. Tlos¢
powstalego p-hydroksybenzaldehydu oznaczano spektrofotometrycznie przy
330 nm. Aktywnos¢ B-monooksygenazy dopaminowej w 1 mg badanej tkanki
wyrazano iloscia nmoli badZz pmoli oktopaminy, ktora powstatla w czasie 1
godz. inkubacji.

Wyniki badan poddano analizie statystycznej uwzgledniajac liczbe ozna-
czen (n), Srednig arytmetyczna (X), odchylenie standardowe (SD) oraz istotnos¢
roznic testem C-Cochrana i Coxa (Oktaba 1980).

WYNIKI

Przed rozpoczeciem wlasciwych oznaczen aktywnosci B-monooksygenazy
dopaminowej zanalizowano efektywnos¢ stosowanej metody, biorac pod
uwage stezenie homogenatu tkanki oraz czas inkubacji w zaleznosci od rodzaju
badanej tkanki. Na podstawie otrzymanych wynikow przyjeto, ze dla oznczen
w mozgu przeprowadza si¢ inkubacj¢ homogenatu z 40 mg tkanki w czasie 60
minut, natomiast dla nadnerczy wystarcza inkubacja z 1,25 mg tkanki w czasie
20 minut.

Badaniem objeto 12 krolikow pt oraz 10 krolikow zdrowych. Wyniki z
oznaczen aktywnosci enzymu w tkance mozgu oraz w nadnerczach poddano
analizie statystycznej, a uzyskane wartosci ujeto w tabeli 1.
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Tabela 1. Aktywno$¢ B-monooksygenazy dopaminowej w homogenatach tkanki mozgu oraz nadnercza krolika pt i krolika zdrowego

Table 1. Dopamine- B-hydroxylase activity in homogenates of the brain stem, cerebellum and adrenals of pt and healthy rabbits

Poréwnanie grup

Aktywnos¢ Groups comparison
e Liczba oznaczen (pmol lub nmol/godz./mg tkanki)
Té::;a i:l‘:l:t Number of estimation Activity wartos¢ funkcji
n (pmol or nmol/h/mg tissue) testowe) P
X+SD value of test’s
function
pien mozgu pt 18 140,67+ 29,67 (pmol) C =245 < 0,05
brain stem zdrowy 13 114,95+ 26,56 (pmol)
healthy
mozdzek pt 15 61,35+16,27 (pmol) C° =148 nieistotne
cerebellum zdrowy 14 52,48 +16,00 (pmol) insignificant
nadnercza pt 16 68,42 +27,52 (nmol) Ct= —1,81 nieistotne
adrenals zdrowy 32 82,33+ 15,95 (nmol) insignificant
healthy
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Jak wynika z przedstawionych danych, zaré6wno u zwierzat zdrowych, jak i
mutantow pien mozgu wykazuje dwukrotnie wyzsza aktywnos¢ B-mono-
oksygenazy dopaminowej w stosunku do aktywnosci wystepujacej w mozdzku.
Dla mutantoéw pt wartos¢ srednia wynosita w pniu moézgu 140,67 pmol/godz./mg
tkanki, a w mozdzku 61,35 pmoli, natomiast u krolikow zdrowych aktywnos¢
w pniu wynosita 114,95 pmol/godz./mg tkanki, a w moézdzku 52,48 pmoli.
Porownujac grupe krolikow pt z grupa zwierzat kontrolnych mozna zauwazyc,
ze aktywnos¢ B-monooksygenazy dopaminowej przypadajaca na mg tkanki
jest nieznacznie wigksza w mozgu krolikow pt. Po uwzglednieniu wartosci
testowej (C°) oraz wartosci granicznej (C,os) stwierdzono, ze roznica
statystycznie istotna dotyczy tylko aktywnosci w pniu mézgowym (p < 0,05).

Wyniki badan przeprowadzonych na nadnerczach wykazaly, ze nie ma
statystycznie istotnych roznic pomiedzy grupa krolikow pt i zdrowych.
U mutantow pt aktywnos¢ B-monooksygenazy dopaminowej odpowiadala
najczesciej wartosci okoto 70 nmol/godz./mg tkanki, a u zwierzat kontrolnych
wartosci 80 nmol/godz./mg tkanki.

Na podstawie danych zamieszczonych w tabeli 1 i uwzgledniajac masg
poszczegblnych tkanek obliczono catkowita aktywnos¢ B-monooksygenazy
dopaminowej w badanych tkankach (“aktywno$¢ narzadowa”). Uzyskane
wartosci przedstawia tabela 2. Poniewaz masa pnia mozgu krolika pt wynosita
srednio 1709 mg (wahala si¢ w granicach od 1380 mg do 2120 mg), a u krolika
zdrowego 1835 mg (od 1350 do 2280 mg), wynik aktywnosci catkowitej dla
pnia moézgu mutantow odpowiada wartosci 4,0 nmol/min, zas dla grupy
zwierzat kontrolnych 3,5 nmol/min. Srednia waga moézdzku krolika pt
wynosita 868 mg (779 —1100 mg), a moézdzku krolika zdrowego 1076 mg
(780 — 1260 mg), tak wigc catkowita aktywnos¢ f-monooksygenazy dopamino-
wej mozdzku wynosi dla obu badanych grup okoto 0,9 nmol/min.

Mimo ze waga nadnerczy jest 10— 20-krotnie nizsza od wagi mézdzku lub
pnia mozgu, to “aktywno$¢ narzadowa” nadnerczy jest kilkadziesiat razy
wigksza. I tak s$rednia waga nadnerczy mutantow wynosita 56,7 mg
(42 —70 mg), a zwierzat kontrolnych 58,7 mg (35— 72 mg); catkowita aktywnos¢
badanego enzymu odpowiada wigc wartosci 64,65 nmol/min dla krolikow pt i
80,54 nmol/min dla krolikow zdrowych.

Tabela 2. Calkowita aktywno$¢ B-monooksygenazy dopaminowej pnia moézgowego, mozdzku,
nadnerczy krolika pt i krolika zdrowego (nmol/min)
Table 2. Total activity of dopamine- B-hydroxylase in pt and healthy rabbits brain stem, cerebellum
and adrenals (nmol/min)

Krolik pien moézgu mozdzek nadnercza
Rabbit brain stem cerebellum adrenals
pt 4,00 0,89 64,65
zdrowy 3,51 0,94 80,54

healthy
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Reasumujac dane zawarte w tabelach mozna stwierdzi¢, ze z wyjatkiem
pnia mozgu nie ma znamiennych roznic w aktywnosci B-monooksygenazy
dopaminowej pomiedzy grupa krolikow pt a grupa zwierzat kontrolnych.

OMOWIENIE

Przedstawiona praca jest kontynuacja naszych poprzednich badan
dotyczacych amin katecholowych w osrodkowym ukiadzie nerwowym krolika
pt. Zainteresowanie B-monooksygenaza dopaminowa wynikato z faktu, ze w
poprzedniej pracy stwierdzono diametralnie rozny stosunek stezen dopaminy
do noradrenaliny w mozgu krolika pt w porownaniu ze zdrowym zwierzeciem.
U mutantow wynosit on 0,5, a w grupie kontrolnej powyzej jednosci.
Wiadomo, ze markerem dla noradrenergicznego ukladu nerwowego jest
B-monooksygenaza dopaminowa (Hartman i wsp. 1972), ktoéra katalizuje
ostatni etap syntezy noradrenaliny.

Beta-monooksygenaza dopaminowa jest miedzioproteina i podczas reakcji
hydroksylacji, Cu?* ulega cyklicznej redukcji i utlenianiu (Friedman, Kaufman
1965). W zwiazku z tym, zwiazki chelatujace i sulfhydrylowe, ktore tworza
kompleksy z Cu?*, hamuja aktywno$¢ enzymu (Nagatsu i wsp. 1967).
Potencjalnymi inhibitorami B-monooksygenazy dopaminowej moga byc
rowniez niektore analogony dopaminy (Creveling i wsp. 1962). Przypuszcza sie,
ze proces inaktywacji oraz ponownej reaktywacji enzymu przez zwiazki bedace
zarowno substratem, jak i inhibitorem dla B-monooksygenazy dopaminowej,
zalezy w duzym stopniu od pH s$rodowiska (Colombo i wsp. 1984).
W wigkszosci tkanek organizmu wystepuja tego rodzaju endogenne inhibitory,
dlatego tez w nie oczyszczonych preparatach tkankowych aktywno$¢ B-mono-
oksygenazy dopaminowej jest niewielka. W badaniach in vitro stosuje si¢ zatem
oprocz substancji zabezpieczajacych enzym przed jego inaktywacja rowniez
substancje, ktore znosza hamujace dzialanie endogennych inhibitorow.

W oznaczeniach przeprowadzanych na homogenatach tkankowych do-
datkowa przeszkode stanowi obecnos¢ noradrenaliny, ktorej duze stezenie
hamuje reakcj¢ hydroksylacji dopaminy. W metodach, w ktorych stosuje si¢
jako substrat dopaming, nalezy przed wykonaniem oznaczenia oddzieli¢
enzym od endogennej noradrenaliny. W tym celu stosowana jest ekstrakcja
enzymu przy uzyciu Con-A-Sefarozy (Racz i wsp. 1986). Istnieja jednak
metody, gdzie zamiast dopaminy stosuje si¢ tyraming (Kuzuya, Nagatsu 1968;
Nagatsu, Udenfriend 1972). W naszych doswiadczeniach postuzono si¢ tym
skladem medium inkubacyjnego, ktory zawiera jako substrat tyraming.

Przeprowadzone badania wykazaly, ze w odroznieniu od nadnerczy,
homogenat tkanki mozgu krolika wykazuje bardzo mata aktywnos$¢ B-mono-
oksygenazy dopaminowej. Niemniej stwierdzono zasadnicze réznice rozmiesz-
czenia enzymu w zaleznosci od obszaru anatomicznego moézgu. Zgodnie z
przewidywaniami, pien moézgu, jako obszar noradrenergiczny, wykazuje
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zdecydowanie wigksza aktywnos¢ niz mozdzek. Podobne wyniki uzyskali
Bouclier i wsp. (1977), ktérzy przy uzyciu radioaktywnej tyraminy badali
aktywnos$¢ narzadowa nadnerczy szczura i otrzymali warto$é 2,35 nmol/min.
1 myszy (u szczura pien — 100 pmol/godz./mg tkanki, a mézdzek — 56
pmol/godz./mg tkanki; u myszy pien 64 pmol/godz./mg, mozdzek zas
33 pmol/godz./mg tkanki). Wspomniani autorzy badali rowniez catkowita
aktywnos$¢ narzadowa nadnerczy szczura otrzymali warto$¢ 2,35 nmol/min.
U krolika uzyskaliSmy 30-krotnie wyzsza wartos¢ badanego enzymu (tab. 2).
Tak duza roznica wynika nie tylko z wigkszej masy nadnerczy krolika, lecz
rowniez z jego odmiennosci gatunkowej. Krolik, w odroznieniu od szczura, a
takze czlowieka, nalezy do tych zwierzat, u ktorych w tkance chromafinowej
nadnerczy noradrenalina dominuje nad adrenalina.

Zasadniczym celem naszych badan bylo poroéwnanie aktywnosci f-mono-
oksygenazy dopaminowej w mozgu krolika pt z aktywnoscia krolika zdrowe-
go. Chociaz aktywno$¢ wyrazona w pmol/mg tkanki byla nieco wyzsza w
grupie mutantow neurologicznych (tab. 1), to na podstawie przeprowadzonej
analizy statystycznej stwierdzono, ze istotna roznica wyst¢puje tylko w pniu
mozgu. W zwiazku z tym nie wydaje si¢ mozliwe, zeby tak niewielki wzrost
aktywnosci B-monooksygenazy dopaminowej byl przyczyna wyzszych stezen
noradrenaliny, jakie stwierdzono u mutantéow pt (Borkowska i wsp. 1986).
Nalezy wigc szukac innej przyczyny zmian w poziomie amin katecholowych w
mozgu krolika pt.

Wiadomo ze na skutek zahamowania aktywnosci oksydazy monoaminowe;j
(MAO) wzrasta zawartos¢ noradrenaliny w pecherzykach magazynujacych
aminy katecholowe. By¢ moze w mozgu krolikow pt ulega zmianie aktywnos¢
MAO, problem wymaga wigc dodatkowych badan.

Ponadto nalezaloby si¢ zastanowi¢ nad miejscem magazynowania nora-
drenaliny i enzymu odpowiedzialnego za jej syntez¢ w przypadku duzych
zmian morfologicznych, jakie wystgpuja w strukturach pnia moézgu i mozdzku
u mutantow pt. Wiadomo ze w warunkach fizjologicznych noradrenalina
gromadzi si¢ w obrgbie neuronu w charakterystycznych pecherzykach,
a z blona tych organelli zwiazana jest rowniez B-monooksygenaza dopamino-
wa. Nasuwa si¢ wobec tego pytanie, czy istnieje mozliwos¢ magazynowania
noradrenaliny i enzymu réwniez poza neuronem, a mianowicie w komorkach
glejowych, podobnie jak to ma miejsce w przypadku nowotworow neuroglejo-
wych. Jak wynika z pracy Zelman i Taraszewskiej (1984), zageszczenie
komorek glejowych w mozgu krolika pt jest znacznie wigksze i dluzej
utrzymujace si¢ niz u krolika zdrowego. Komorki te moglyby zatem stanowic
dodatkowy magazyn noradrenaliny i B-monooksygenazy dopaminowej. Po-
niewaz nasze badania nad aktywnoscia B-monooksygenazy dopaminowej, a
takze oznaczenie amin biogennych byly przeprowadzone na calej tkance bez
izolowania komorek glejowych, udziat tych ostatnich mozemy traktowac tylko
jako hipoteze do rozstrzygnigcia w dalszych badaniach.
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DOPAMINE-B-HYDROXYLASE ACTIVITY IN THE BRAIN AND SUPRARENAL
GLANDS OF pt RABBIT

Summary

The activity of dopamine-B-hydroxylase was determined in the case of rabbits with hereditary
paralytic tremor (pt), showing marked differences in the level of catecholamines in the central
nervous system. Activity of the enzyme was investigated in a homogenate of brain tissue and
adrenals using the method of converting tyramine to octopamine, which was determined with the
help of spectrophotometry, after conversion to p-hydroxybenzaldehyde.

It was found that the activity of the investigated enzyme is higher in the pt rabbit’s brain stem
than in the brain of the healthy rabbit. In the cerebellum, however, no statistically significant
difference was found. Both in the case of the control group and the neurological mutants, the
activity of dopamine-B-hydroxylase in the adrenals was much higher than that appearing in the
brain.

UCCIIEJOBAHUE AKTUBHOCTU JOPAMUHOBOUN B-MOHOOKCUT'EHA3BI
B MO3Ir'y U HAAINMOYEYHUKAX KPOJIMKA PT

Pe3swome

.

Onpenensiach aKTHBHOCTh JA0(aMHHOBO# B-MOHOOKCHIeHa3bl y KPOJHMKOB C HACJEACTBEH-
HBIM JIPOXKAaTEJIbHBIM Napajn4doM (pt), B LEHTPAJIbHON HEPBHOM CHCTEME KOTOPBIX HabogaroTes
6osiblIIME pa3HUIBI B YPOBHE KATEXOJAMHHOB. AKTHBHOCTH 9H3MMa HCCJIE0BAJIaCh B TOMOTEHATE
TKaHH MO3ra M B HAJANOYEYHHKAX MPH NMOMOCH METOMA, 3aKJFOYAIOLIErocs B MpeoOpa3oBaHHH
THpDaMHHA B OKTO(AMHH, KOTOpbIH I0C/E €ro NpeBpallieHuss B M-THAPOKCHOEH3aIbaeruj
OnpeaesiiCs CneKTpoGOTOMETPHYECKH.

YCTaHOBJICHO, YTO AKTHBHOCTb HCCIEAYeMOro JH3WMa ObUla BbIIE B MO3TOBOM CTBOJIE
Kposiuka (pt) , 4eM B MO3rOBOM CTBOJIE 3/I0POBOTO JXHBOTHOrO. B TO Xe BpeMsi B MO3keuke He
6BUIO CTATHCTHYECKH CYIIECTBEHHOW pAa3HMILI B AKTHBHOCTH I3TOr0 3H3MMa. AKTHBHOCTH
N0(paMHHOBOM -MOHOOKCHI€Ha3bl B HA/AMOYEYHMKAX KAK 3/[0POBBIX KHBOTHBIX, TAK M HEBPOJIOTH-
4eCKHX MYTaHTOB OblIa BO MHOro pa3 Bbillle aKTHBHOCTH B MO3TY.
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Badania mikroskopowo-elektronowe z zastosowaniem réznych technik
utrwalania komoérek wykazaly, ze substancja podstawowa cytoplazmy ma
strukture siateczkowata (Wolosewick, Porter 1976; 1979). Mikrotrabekularna
siateczka jest utworzona ze spolimeryzowanych bialek, pomiedzy ktorymi
istnieje faza wodna zawierajaca niskoczasteczkowe metabolity. Obecnie uwaza
sig, ze siateczka ta jest jednym z elementow szkieletu wewnatrzkomorkowego.
Poza tym szkielet komorkowy jest reprezentowany przez mikrotubule,
filamenty posrednie i mikrofilamenty (Weber i wsp. 1978; Groniowski 1981).
Wedtug Groniowskiego (1981) szkielet komorkowy jest odpowiedzialny za
istnieniu tadu wewnatrzkomorkowego. W celu ujawnienia elementow szkieletu
komorkowego metodami cytochemicznymi stosowano barwniki polikationo-
we, takie jak czerwien rutenu (Dolapchieva i wsp. 1986), azotan lantanu
(Burton, Fernandez 1973) oraz bigkit alcjanu (Schofield i wsp. 1975).
Powinowactwo tych barwnikéw do skladowych szkieletu komorkowego
wskazuje, iz w ich sklad wchodza glikoproteiny (Hinkley 1973). Stosowane
obecnie utrwalacze aldehydowe wraz z kwasem taninowym daja dobre wyniki
w uwidacznianiu bton plazmatycznych, mikrotubul oraz filamentow (Hepwood
1985). Ostatnio ta metoda zostata wzbogacona dodatkowa procedura dotrwa-
lania osmem wraz z zelazocyjankiem potasu i dobarwianiem materiatu
tkankowego przed odwodnieniem solami uranu (Goldfischer i wsp. 1981; King,
Hiams 1982).

Badania szkieletu komorkowego prowadzono zarowno na komorkach,
pochodzacych z hodowli tkankowych, jak rowniez na komorkach nieizolowa-
nych, pochodzacych z roznych tkanek zwierzgcych (Bretscher, Weber 1980;
Mesland, Spicle 1983). Istotnym problemem dyskutowanym przez autorow
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tych prac byl dobor techniki utrwalania oraz metoda mogaca w sposob jak
najbardziej wiarygodny uwidoczni¢ szkielet komorkowy. Stosowane techniki
szybkiego zamrazania izolowanych komorek, a nastgpnie napylanie ich powie-
rzchni warstwa wegla, umozliwily, migdzy innymi, dokonanie obserwacji sieci
mikrotrabekularnej w fibroblastach (Houser, Kirschner 1980), jak rowniez
molekularnej organizacji mikrotubul i mikrofilamentow w komorkach nerwo-
wych (Hirokawa 1982; 1986). Komoérka nerwowa ze wzgledu na swoja funkcje
i specyficzna budowg jest dogodnym modelem do badan szkieletu komorko-
wego. Zwraca si¢ szczegolna uwage na elementy szkieletu reprezentujace
aksoplazm¢ w postaci mikrofilamentow cytoplazmatycznych, filamentéw to-
warzyszacych mikrotubulom, a w szczegélnosci na mikrotubule (Metuzala
i wsp. 1980; Jockusch, Jockusch 1981). Mikrotubule, ktore w komorkach
nerwowych nosza nazwe neurotubul, podobnie jak neurofilamenty, biegna
rownolegle do dlugiej osi neuronu. Tym strukturom przypisuje si¢ udziat
w procesie transportu aksonalnego, jak rowniez uwaza sig, ze odgrywaja one
duza rol¢ w formowaniu i orientacji pecherzykéw w synaptosomach (Gray
i wsp. 1982; Allen, Weiss 1985).

Wigkszos¢ badan z uzyciem wyznacznikow komponent glikoproteinowych
szkieletu komorkowego prowadzono na izolowanych neuronach zwierzat
zmiennocieplnych, co bylo podyktowane mozliwoscia latwiejszej penetracji
stosowanych wyznacznikéw (Burton, Fernandez 1973; Hinkley 1973).

Badania przedstawione w niniejszej pracy prowadzono na neuronach jader
sekrecyjnych podwzgoérza szczurOw majac na celu zobrazowanie elementow
szkieletu komérkowego. Do badan zastosowano utrwalacze aldehydowe wraz
z blgkitem alcjanu oraz jako kontrol¢ utrwalacze z kwasem taninowym,
uwazajac je za dobre wyznaczniki elementow wewnatrzkomorkowego szkie-
letu.

MATERIAL I METODY

Material pobierano z jader nadwzrokowych i przykomorowych pod-
wzgorza szczurOw rasy Wistar, o masie ciala okoto 200 g, bezposrednio po
dekapitacji. Okolice mozgu, z ktorych pobierano wycinki tkankowe o wymia-
rach 0,5 x 0,5 mm w trakcie pobierania oplukiwano ptynem utrwalajacym.
Tkanke pobrana od kazdej grupy zwierzat utrwalano wedlug nastgpujacych
zasad:

1) Utrwalacz A skladatl si¢ z 2% glutaraldehydu, 1,5% paraformaldehydu i
0,5% biekitu alcjanu w 0,2 M buforze kakodylanowym o pH 7,4. Utrwalanie
prowadzono przez 3 godz. w temperaturze +20°C z zachowaniem ciaglego
ruchu plynu utrwalajacego. Nastgpnie wycinki tkankowe ptukano w 0,1 M
buforze kakodylanowym o pH 7.4 z dodatkiem bigkitu alcjanu w stezeniu
0,5%. Dotrwalanie prowadzono 3 godz. w temperaturze +20°C w 1,5% OsO,
w 0,1 M buforze kakodylanowym, do ktorego dodano bigkit alcjanu w ilosci
0,5%.
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2) Utrwalacz B zawieral 2,5% glutaraldehyd, 2% paraformaldehyd i 1%
kwas taninowy w 0,1 M buforze kakodylanowym o pH 74. Utrwalanie
prowadzono przez 6 godz. w temperaturze +20°C, a nast¢pnie ptukano przez
24 godz. w 0,1 M buforze kakodylanowym. Kolejno preparaty inkubowano
przez 30 min w 0,8 % wodnym roztworze zelazocyjanku potasu i dotrwalano w
temperaturze pokojowej w 1% OsO, w 0,1 M buforze kakodylanowym z
dodatkiem 0,8% zelazocyjanku potasu przez 60 min. Po trzykrotnym
przeptukaniu materiatu w 0,1 M buforze kakodylanowym preparaty kontrasto-
wano “w bloku” w 1% wodnym roztworze octanu uranylu przez 1 godz.
Materiaty tkankowe utrwalane wedtug 1 i 2 procedury, odwadniano w szeregu
alkoholi i tlenku propylenu i zatapiano do Eponu 812. Dokumentacj¢
wykonano na mikroskopie elektronowym JEM 7A. Wymiary omawianych
elementow oceniano na podstawie pomiaréw dokonanych na mikrografiach
elektronowych o stalym powigkszeniu wynoszacym 150000 x.

WYNIKI

Obraz komoérek nerwowych pochodzacych z jader neurosekrecyjnych
podwzgorza szczura utrwalanych w aldehydach z jednoczesnym “dobarwia-
niem” bigkitem alcjanu (utrwalacz A) wykazuje dobre zréznicowanie elemen-
tow morfotycznych komorek. Widoczne jest dobre zachowanie blon plazma-
tycznych z jednoczesnym podkresleniem ich rysunku (ryc. 1). W poblizu jadra

‘}

£ e K

Ryc. 1. Reakcja z bigkitem alcjanu. Neurony jadra nadwzrokowego moézgu szczura. W aksonach
widoczne liczne neurotubule. Pow. 10500 x

Fig. 1. Alcian blue reaction. Neurons of supraoptic nucleus. Axons containing numerous
neurotubules. x 10500
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komorkowego obserwowano kompleks Golgiego zajmujacy duzy obszar
cytoplazmy. Zbudowany byl on ze splaszczonych lub szerokich zbiornikow
utozonych rownolegle oraz pecherzykow zwiazanych ze zbiornikami, lub tez
potozonych w ich sasiedztwie. Niekiedy w obrebie zbiornikéw i pecherzykow
obserwowano delikatny elektronowogesty material (ryc. 2).

Ryc. 2. Reakcja z blgkitem alcjanu. Fragment neuronu jadra przykomorowego. Przy jadrze
komérkowym widoczny kompleks Golgiego. W obszarze pecherzykéw kompleksu Golgiego
delikatny produkt reakcji (strzatki). Pow. 36000 x

Fig. 2. Alcian blue reaction. Fragment of a neuron of paraventricular nucleus containing Golgi
complex. In the vicinity of the Golgi complex a slight reaction product is seen (arrows). x 36 000

W aksonach na przekrojach podtuznych obserwowano liczne rownolegle
ulozone neurotubule. Ich szerokos¢ wahala si¢ w granicach 22 —30 nm (ryc. 3).
Kolejnym elementem strukturalnym cytoplazmy, dobrze uwidocznionym po
zastosowaniu blekitu alcjanu, byly uklady neurofilamentow (ryc. 4). Z prze-
prowadzonych pomiar6w wynika, iz grubo$¢ neurofilamentow waha si¢ w
granicach 5—11 nm. W ultraskrawkach pochodzacych z obwodowych czgsci
bloczkéw tkankowych, gdzie penetracja bigkitu alcjanu byla ulatwiona,
obserwowano produkt reakcji o nieco zwigkszonej gestosci elektronowe;.
Tworzyl on delikatng siateczke. Jej wyznakowane bigkitem alcjanu fragmenty
przylegaly do powierzchni mitochondriow, blon innych struktur cytoplazmy
oraz neurotubul (ryc. 5). Dodatnia reakcj¢ z bigkitem alcjanu obserwowano
wsrod blon tworzacych ostonki mielinowe. W badanym materiale byly rowniez
dobrze widoczne synaptosomy, a w szczeg0lnosci strefy blon pre- i postsynap-
tycznych. Na powierzchni blon ograniczajacych szczeling synaptyczna obser-
wowano drobnowlokienkowy oraz ziarnisty material, ktory w czgsci postsy-
naptycznej posiadal bogatszy rysunek (ryc. 6).
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Ryc. 3. Reakcja z bigkitem alcjanu. W aksonach jadra nadwzrokowego widoczne neurotubule na

przekroju podtuznym. Do wiokna nerwowego przylega kolbka synaptyczna. Pow. 36 000 x

Fig. 3. Alcian blue reaction. Axons originating in supraoptic nucleus showing longitudinally
sectioned neurotubules. Note synaptic bouton close to the nerve fiber. x 36 000

Ryc. 4. Reakcja z bigkitem alcjanu, jadro przykomorowe. We wnetrzu wildkna nerwowego
widoczna sie¢ neurofilamentow (strzalki). Przestrzenie migdzy blaszkami ostonki mielinowej
wyznakowane produktem reakcji. Pow. 110 000 x

Fig. 4. Alcian blue reaction, paraventricular nucleus. Nerve fiber displaying the network of
neurofilaments (arrows). Note the reaction product between membranes of myelin sheath.
x 110 000
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Ryc. 5. Reakcja z bigkitem alcjanu, jadro przykomorowe. Na powierzchni mitochondrialnej bony

zewnetrznej oraz fragmentach siateczki $rodplazmatycznej elektronowo-gesty produkt reakcji.

W otoczeniu mitochondrium delikatna siateczka, ktora moze stanowi¢ fragment siatki mikro-
trabekularnej (strzatki). Pow. 42 000 x

Fig. 5. Alcian blue reaction. Paraventricular nucleus. The surface of mitochondrial membrane and
some fragments of endoplasmic reticulum contain the reaction product. Note fine mesh around the
mitochondrium, it probably represents a fragment of the microtrabecular network (arrows).
x 42 000
Ryc. 6. Reakcja z bigkitem alcjanu, jadro przykomorowe. Kolbka synaptyczna przylegajaca do
aksonu. Na blonach pre- i postsynaptycznych uwidoczniony zostatl drobnowlokienkowy materiatl.
Pow. 65 000 x ;

Fig. 6. Alcian blue reaction. Paraventricular nucleus. The synaptic bouton laying close to the axon
profile displays fine fibrillar material in association with pre- and postsynaptic membranes.
x 65 000

Zastosowana metoda utrwalania jader neurosekrecyjnych podwzgorza w
utrwalaczach aldehydowych z kwasem taninowym (utrwalacz B) oraz dotrwa-
lanie materialu w mieszaninie zelazocyjanku potasu z czterotlenkiem osmu
wykazala bardzo duze zréznicowanie wszystkich struktur blonowych. Rowniez
rysunek neurotubul i neurofilamentoéw zostat ujawniony bardzo przejrzyscie i
kontrastowo. Nie ujawnily si¢ jednak przy tym sposobie utrwalania fragmenty
opisane po zastosowaniu utrwalacza A (ryc. 7). W tej technice utrwalania (B)
rysunek $cian poszczego6lnych neurotubul jest bardzo wyrazny. Na przekrojach
poprzecznych kolisty profil neurotubul ma srednicg 20—28 nm (ryc. 8).

OMOWIENIE

Badania biochemiczne prowadzone w ostatnich dziesigtkach lat wykazaty,
ze struktury zawarte w cytoplazmie podstawowej, we wszystkich dotychczas
przebadanych komorkach, zawieraja glikoproteiny. Znaczna czgs¢ tych zwigz-
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Ryc. 7. Utrwalanie z kwasem taninowym i zelazocyjankiem potasu. Jadro przykomorowe.
W widocznych fragmentach neuronéw neurotubule oraz neurofilamenty. Pow. 36 000 x
Fig. 7. Fixation with tannic acid and ferrocyanide. Paraventricular nucleus. Neurotubules and
neurofilaments are seen within the fragments of secretory neurons. x 36 000

Ryc. 8. Utrwalanie z kwasem taninowym i zelazocyjankiem potasu. Jadro nadwzrokowe. We
fragmencie neuronu uwidocznione utozone réwnolegle neurotubule. Pow. 80 000 x

Fig. 8. Fixation with tannic acid and ferrocyanide. Supraoptic nucleus. Fragment of neurons
howing parallel arrangement of neurotubules. x 80 000
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kow ma charakter bialek integralnych bton organelli komorkowych, chociazby
mitochondriéow (Martin, Bosmann 1971). Prowadzone w potowie lat siedem-
dziesigtych badania (Autori i wsp. 1975) wykazaly obecnos¢ glikoprotein
zarowno adsorbowanych na blonach frakcji mikrosomalnej komorek watrobo-
wych, jak rowniez w wolnym od ultrastruktur przesaczu. Ta ostatnia frakcja
glikoproteinowa nie ulegala precypitacji z przeciwcialami bialek surowicy,
zawierala za$§ dziesigciokrotnie wigcej kwasu N-acetyloneuraminowego w
porownaniu do bialek surowicy. Zastosowanie bezjonowego detergentu
(Triton WR-1339) wykazalo, iz rOwniez absorbowane na mikrosomach
glikoproteiny naleza do “wolnej” frakcji sialoprotein substancji podstawowe)
cytoplazmy. Dalsze badania cytowanych autoréw (Autori i wsp. 1975) sugeru-
ja, ze sa one uwalniane z aparatu Golgiego, a nastgpnie wbudowywane do
mikrosoméw. Czes¢ tych glikoprotein stanowi¢ moze element puli biatkowej
tworzacej siatk¢ mikrotrabekularng. Nie mozna jednak wykluczy¢ jeszcze innej
mozliwosci syntezy tych bialek. Wiadomo chociazby z badan nad synteza
czasteczek kolagenu, ze znaczna czg$¢ zmian potranslacyjnych, a w tym
poczatek glikozylacji, zachodzi juz na terenie siateczki srodplazmatycznej (Hay
1983). By¢ moze ten mechanizm dotyczy glikoprotein wchodzacych w skiad
sieci mikrotrabekularnej. Tym tez mozna tlumaczy¢ brak wyraznej reakcji z
blekitem alcjanu na terenie aparatu Golgiego, zakladajac pominigcie tego
ostatniego w procesie ostatecznej syntezy bialek sieci mikrotrabekularne;.
Stosowane metody cytochemiczne do badania szkieletu komérkowego przy
uzyciu barwnikow polikationowych (Tani, Ametani 1970), kwasu taninowego
(Mizuhira, Futaesaku 1972), jak rowniez utrwalania w mieszaninie osmu z
zelazocyjankiem porasu daly dobre rezultaty (McDonald 1983; 1984).

W naszym materiale bigkit alcjanu ujawnit produkt reakcji na powierzchni
neurotubul. Castejon i wsp. (1976) stwierdzaja, iz powinowactwo blgkitu
alcjanu do mikrotubul ewidentnie wykazuje obecnos¢ glikoprotein przylega-
jacych do scian. Obserwacje te zostaly potwierdzone testami kontrolnymi: po
trawieniu hialuronidaza jadrowa uzyskano znacznie zmniejszony efekt bar-
wienia bigkitem alcjanu $cian mikrotubul. Lantan stosowany przez Burtona i
Fernandeza (1973) do badania izolowanych neuronéw z mozgu ryb
wybarwial czgsci rdzenne mikrotubul. Wedlug sugestii wymienionych autorow
rdzen mikrotubul moze by¢ reprezentantem elementow odpowiedzialnych za
transport wewnatrztubularny, a neurotubule moga spetnia¢ funkcje dyfuzyjnych
kanalow dla transportu wybranych substancji kationowych. Podsumowujac
wazkos¢ prowadzonych badan z zastosowaniem lantanu, autorzy wskazuja na
dobre ujawnienie grup polianionowych oraz wykazanie komponent mukopoli-
sacharydowych po zastosowaniu azotanu lantanu. Hinkley (1973) stosujac
blekit alcjanu w badaniu mozgéw ryb ujawnit drobnowlokienkows siateczke
taczaca mikrotubule w obrgbie aksonu i sugeruje, iz te wiokienkowe elementy
moga formowac “uklad siateczkowy” dla transportu materiatu. Obserwacje te
dotyczyly wiokienek laczacych mikrotubule, pecherzyki synaptyczne oraz
miktrotubule i mitochondria. Badania prowadzono rowniez z uzyciem
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siarczanu winblastyny, ktory blokowal transport wewnatrzaksonalny, powo-
dowat rozrywanie wigkszosci mikrotubul, jak rowniez uszkadzat “wtokienka”
tworzace siateczkowate pofaczenie mikrotubul (Fernandez i wsp. 1971).

Zastosowany w naszych badaniach bigkit alcjanu wyznakowal rowniez
drobnowlokienkowy materiat przylegajacy do strefy blon pre- i postsynapty-
cznych. Przeprowadzone badania enzymantyczne majace na celu identyfikacje
skfadu chemicznego wiokienek strefy blon synaptycznych wykazaly obecnos¢
glikoprotein bogatych w kwas hialuronowy i chondroitynosiarczanowy
(Castejon i wsp. 1976).

W prowadzonych przez nas badaniach dla indentyfikacji struktur szkieletu
komorkowego zastosowaliSmy utrwalanie z kwasem taninowym, a nastepnie
dotrwalanie mieszaning osmu z zelazocyjankiem potasu. To postgpowanie
stanowito pewnego rodzaju badanie kontrolne dla uzytej metody z bigkitem
alcjanu. Kwas taninowy zostal wprowadzony do mikroskopii elektronowej
jako dodatek do utrwalaczy aldehydowych, wzbogacajacy kontrast struktur
zewnatrz i wewnatrzkomorkowych, a w szczegdlnosci blon plazmatycznych
(Hopwood 1985). Przyjmuje sig, ze stosowane utrwalacze aldehydowe zawiera-
jace kwas taninowy reaguja z polipeptydami i proteinami, a nast¢pnie tworza
trwale chelatowe polaczenia z osmem lub zelazem (Futaesaku, Mizuhira 1972).
Podkresla si¢ rowniez, iz kwas taninowy stabilizuje komponenty fosfolipidowe
zapobiegajac ich ekstrakcji podczas odwadniania. Wymienione wilasciwosci
utrwalacza aldehydowo-taninowego sprawily, iz byt on stosowany do badan
blon plazmatycznych oraz plaszcza powierzchniowego komorek nablonka
jelitowego, nablonka nefronu, rzesek drzewa oskrzelowego, wiokienek
keratynowych, mikrotubul i innych struktur (Mizuhira, Futaesaku 1972;
Walski, Olszewska 1981). W analizowanych przez nas preparatach utrwala-
nych kwasem taninowym podstawowe skiadniki szkieletu komorkowego, w
szczegolnosci neurotubule i neurofilamenty miaty bardzo wyrazny rysunek, co
potwierdza przydatnos$¢ tej metody do rutynowych badan cytoskeletonu.

Zastosowane przez nas techniki badania szkieletu komorkowego jader
neurosekrecyjnych podwzgoérza mozgu szczura pozwolily dokonac¢ obserwacji
poszczegolnych jego sktadowych. Bigkit alcjanu uwidocznit delikatne struktury
siateczkowe, ktore moga odpowiada¢ anionowej sieci mikrotrabekularnej
szkieletu komorkowego. Uwazamy przeto, iz stosowane przez nas metody beda
przydatne do dalszych badan ladu wewnatrzkomorkowego na modelach
doswiadczalnych.

ELECTRON MICROSCOPIC INVESTIGATIONS OF CYTOSKELETAL ELEMENTS
IN HYPOTHALAMIC ENDOCRINE NEURONS

Summary

Endocrine neurons of hypothalamic supraoptic and paraventricular nuclei of the rat were
investigated to elucidate the elements of the cell cytoskeleton. Two fixation method were used: A) in
aldehydes containing alcian blue and B) in aldehydes containing tannic acid. Speciments fixed in
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tannic acid were postfixed in a mixture of ferrocyanide and osmium tetroxide. Alcian blue labelled
the neurotubule wall and the surface of neurofilaments. Fragments of the microtrabecular network
were also visible. Some fine filaments were well revealed in association with synaptic membranes.
The reaction product also appeared between the membranes of the myelin sheath.

Fixation with tannic acid allowed good preservation of membraneous structures. This method
also made possible observations of neurotubules and neurofilaments. The cytochemical techniques
used in this study seem to be useful as regards investigations of the cytoskeletal organization of the
neurons.

VIIbTPACTPYKTYPHBIE UCCJIEAOBAHUA 3JIEMEHTOB KJIETOYHOI'O
CKEJIETOHA HEBPOHOB HEBPOCEKPELIMOHHBIX SAJIEP 'MIIOTAJIAMYCA KPBIChI

Pesome

HccnenoBanuch HEBPOHBI CyNpPAONTHYECKHX W NMApaBEeHTPYKYJSPHBIX s/IEp IHIoTajaMyca
KPBIChI, 4TOOBI MO3HATH 3JIEMEHTBI KJIETOYHOTO cKesletoHa. [TpuMeHsueh 1Ba cnocoba dukcaiuu:
¢bukcauus B ajbaeruaax ¢ A00aBJEHMEM AJIbLMAHOBON Ja3ypu M (HKCalMs B ajbAEruaax
106aBJIECHHEM TAHHUHOBOM KMCJIOTHI. MaTepuas (MKCHPOBAHHBIH B TAHHWHOBOW KHCJIOTE ObLI
106aBOYHO (MKCHPOBAH B cMecH (peppOLMAHUAA KU H YETBIPEXOKMCH OCMMS.

AJsbiMaHoBas j1a3ypb 0003Ha4MIa CTEHKH HEBPOTYOYJUT M IETHKAaTHYIO MUKpOdHIaMEHTap-
HYI0 CETOYKY BHYTPH HEBPOHOB. Xopoiuo ObL1 ONMpeacicH MEIKOBOJIOKOHIEEbIH MaTepHal
NPUJIEratolMii K CHHANTHYECKMM MeMOpaHaMm.

MeToa (uKcalMH C TAHHHHOBOW KHCJIOTOW XOpOILUIO BBISBHJ MEMOpPaHHBIE CTPYKTYDBI.
Cnoco6 3TOT MO3BOJMJI TakXke Ha HAaOMIOAEHUS MHKPOTYOYT M MHKPODHIAMEHTAPHOH CETOYKH
BHYTPH HEBPOHOB.

VYnorpebyieHHBIE B 3THX HCCJICIOBAHUAX IIMTOXHUMHYCCKHE METO/IbI K2XYTCsl NPUTO/HBIMH B
HCCIEIOBAHUAX KJIETOYHOIO CKEJIETOHa HEBPOHOB.
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Exposure to elevated environmental temperature produces in the animal
organism a number of complex interrelated changes, among which a shift in
mitochondrial metabolism plays an important role. To data a number of
papers have been published demonstrating that hyperthermia modifies the
activity of the respiratory chain of liver mitochondria (Cassuto, Chaffee 1966;
Roberts, Chaffee 1976; Swaroop, Ramasarma 1982; Skonieczna et al. 1986a),
the kidney (Puranam et al. 1984), heart (Bedrak, Samoiloff 1967), the small
intestine mucosa (Musaev et al. 1981) and skeletal muscle (Brooks et al. 1971).

The molecular mechanism of the metabolic changes arising in the brain
under the influence of elevated environmental temperature is relatively little
known. The results of studies devoted to this problem are controversial
(Goldberg et al. 1966; Carlsson et al. 1976). In view of this, investigations were
undertaken of the functional state of brain mitochondria. It was found in
earlier research that under conditions of moderate hyperthermia changes occur
in the activity of respiratory enzymes in the brain mitochondria (Skonieczna et
al. 1987). The present study was undertaken to investigate the influence of acute
environmental hyperthermia on the activity of respiratory chain enzymes,
respiration and oxidative phosphorylation processes in brain mitochondria.

MATERIAL AND METHODS

Adult male aibino rats (200 — 230 g body wéight) were used. They were fed a
standard diet and received water ad libitum. The animals were adapted before
the experiments to laboratory conditions for 5—6 days. During the experi-

*This work was supported by Grant No. 06-02.11.3.6 from the Polish Academy of Sciences
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ments the rats were kept in a chamber with forced air flow, humidity within
30+ 10 per cent and regulated temperature. The control temperature was
21°C+1°C. The animals were exposed 6 h daily for three successive days to the
experimental temperature of 41+ 1°C. For three days before introducing the
animals into the warm chamber their temperature was measured twice daily in
the rectum with a mercury baguette thermometre. Rectal temperature was also
measured immediately before placing the animals in the chamber and after
exposure. On the next day, 18 h after the end of exposure to heat the animals
were decapitated and the brain hemispheres were preparated out for removing
the mitochondrial fraction which was isolated according to the method of
Clarck and Niclas (1970). The mitochondria were suspended in a medium of
the following composition: 0.25 M sucrose, 10 mM Tris, 0.5 mM K*"EDTA,
pH 7.4. The mitochondrial suspension (10 mg/ml) was subjected to uitra-
sonification for 2 min with 30 s interruption and 30 s intervals in a MSE tissue
disintegrator of 9 kHz frequency and 16 amplitude. The sediment obtained
after 10 min centrifugation at 8500 x g was discarded and the supernatant
containing submitochondrial particles was stored on ice for enzyme
determinations.

Enzymatic assays

The activities of NADH :cytochrome c reductase and succinate:cytochrome
¢ reductase were determined as described by Sottocasa (1967). Cytochrome
oxidase activity was measured according to the method of Smith (1954),
succinate dehydrogenase by the method of King (1963), NADH dehydrogenase
by the method of King (1967).

Adenosine-triphosphatase assay. The reaction medium in a final volume of
1 ml contained: 3 mM MgCl,, 150 mM NaCl, 20 mM KCI, 160 mM Tris/HCl,
pH 7.4, 1 mM EDTA, 12.5 mM sucrose and 1 mM ouabain. A 0.1-ml sample of
the mitochondrial fraction (100—150 pg protein) was added to the reaction
medium and preincubated for 10 min at 37°C. The reaction was started by
addition of ATP to a final concentration of 3 mM. After 20 min the reaction
was stopped by addition of 4 ml of cool mixture of 1% Lubrol and 1%
ammonium molybdate in 1.8 N H,SO, (Atkinson et al. 1973). The yellow
colour which developed was read at 390 nm. Latent ATP-ase activity was
determined in the presence of 1 mM 24-dinitrophenol (Hosie 1965).

Oxygen uptake measurement. Oxygen uptake was determined at 29°C by
the polarographic method with the use of an oxygen electrode of Clark type
coupled with a OH-120 Radelkis polarograph. The measurements were
performed in a thermostated vessel of 1 cm?® volume with constant stirring. The
medium for oxygen consumption measurement contained: 300 mM mannitol,
10 mM KCl, 0.2 mM K*EDTA, 10 mM Hepes, pH 7.4, 10 mM K-phosphate
buffer, pH 7.4, 1 mg bovine serum albumin and about 2 —3 mg mitochondrial
protein.

Respiration in state 4 was induced by addition of 4 mM potassium

http://rcin.org.pl



Cerebral hyperthermia — oxidative metabolism 247

succinate or 10 mM potassium glutamate and 5 mM potassium L-malate. The
state of active respiration (state 3) was evoked by adding to the reaction
mixture 300 nmoles ADP. The phosphorylation index ADP/O and respiratory
control ration were calculated according to the method of Estabrook (1967).

RESULTS

The results of body temperature measurement in the animals during three
days before exposure to heat and on the successive days of thermic treatment
are shown in Figure 1. It results from these data that the mean morning and
afternoon temperature in the tested group of animals before exposure to heat
was 37.4°C. The heat treatment was applied between 9°° a.m. and 3°° p.m. (6 h)
for three successive days. The results indicate that exposure to a temperature of
41°C causes a rise of the rat body temperature after the first day of exposure by
2.5°C. After further exposures the body temperature of the animals was
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Fig. 1. Body temperature of rats befor¢ and after the exposure to an ambient temperature of 41°C.
Values are arithmetic means + SEM from 27 rats. [ —III days before exposure to heat, 1 —3 days
heat exposure. I — colonic temperature of animals at 9°° a. m., 2 — colonic temperature of animals
at 3°° p.m. *¥p < 0.001
Ryc. 1. Temperatura ciala szczurow przed i po ekspozycji na temperatur¢ srodowiska 41°C.
Wartosci sa srednig arytmetyczna + SEM dla 27 szczurow. I—III dni przed nagrzewaniem, 1—3
dni nagrzewania, | — temperatura w odbycie o godz. 9°°, 2 — temperatura w odbycie o godz.
15°. *'p < 0.001
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elevated. Mean body temperature after the second exposure was 39.9°C in the
tested group, and after the third one 40°C. Each time after the test the animals
were transferred to laboratory conditions (19 —22°C). Measurements before the
next exposure proved that while the animals remained in the laboratory, their
body temperature returned to normal.

The rats were sacrificed by decapitation 18 h after the end of the last
exposure to heat. The submitochondrial fraction of the brain was isolated and
the activity of respiratory enzymes localized inside the mitochondrial
membrane was determined. The results are shown in Table 1.

It results from these data that exposure of the animals to heat enhanced
NADH dehydrogenase activity by about 25 per cent. Statistical analysis
demonstrated that the differences are statistically significant at p < 0.02 in
relation to the control (exposure temperature 21°C). Parallelly with the
increase in NADH dehydrogenase activity, that of the enzymatic system
NADH-cytochrome ¢ reductase increased by about 10 per cent. Statistical
analysis indicated, however, that the differences are not statistically significant.
In the mitochondria of animals exposed to 41°C a slight increase of succinate
dehydrogenase (by ca 8%) and succinate-cytochrome ¢ reductase activity was
noted. The enhanced activity of these enzymes is not statistically significant,

Table 1. Effect of exposure to heat on the activity of respiratory enzymes in brain mitochondria

Tabela 1. Wpltyw hipertermii srodowiskowej na aktywnos$¢ enzymow oddechowych mitochondriow
moézgu szczura

Temperature

Enzyme activity Temperatura s soege
Aktywno$¢ enzymatyczna v control.

% kontroli

2°C 41°C
X + SEM X + SEM

NADH dehydrogensse®
Dehydrogenaza NADH 1.473+0.037 1.841 +0.050 125
Succinate dehydrogenase®
Dehydrogenaza bursztynianowa 442427 47.6+3.2 108
Cytechrome oxidase®
Oksydaza cytochromowa 1.350+0.110 1.215+1.126 90
Succinate:cytochrome ¢ reductase® .
Bursztynian-cytochrom ¢ reduktaza 292+14 312+1.6 106
NADH-cytochrome ¢ reductase®
NADH-cytochrom ¢ reduktaza 96.7+4.9 107.3+6.3 110

Values are means + SEM for six experiments
Wartosci sa srednimi +SEM z 6 doswiadczen
¥ Results are expressed as pmol/min/mg protein
Wyniki wyrazono w pmol/min/mg biatka
" Results are expressed as nmol/min/mg protein
Wyniki wyrazono w nmol/min/mg biatka
“p <0.02
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however. On the other hand, exposure to heat depresses in the animals
cytochrome oxidase activity, but the differences are not statistically significant.

Measurement of the activity of Mg?*-ATP-ase, the key enzyme participa-
ting in the process of ATP synthesis, are shown in Figure 2. These data indicate
that, under the conditions of environmental hyperthermia applied (41°C), a
statistically significant increase in the activity of this enzyme by about 20
percent occurs. The enzyme in the control group show, in the presence of
2,4-dinitrophenol (DNP) an about twofold activity increase. Exposure of the
animals to heat produces a change in the susceptibility of Mg?*-ATP-ase to
the activating action of DNP. In the presence of the latter Mg?*-ATP-ase
activity in the heat-treated animal mitochondria increases much less (ca 10%).
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Fig. 2. Activity of Mg?*-ATP-ase in brain mitochondria of rats expdsed to high ambient-
temperature. Values are arithmetic means + SEM from 6 rats. *'p < 0.02

Ry 2. Aktywno$¢ Mg?*-ATP-azy mitochondriow moézgu szczuréw poddanych dziataniu
wysokiej temperatury srodowiska. Wartosci sa srednia arytmetyczna + SEM z 6 doswiadczen.
*
p < 0.02
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The kinetic studies of ATP hydrolysis by Mg?*-ATP-ase during 1 —60 min
are presented in Figure 3. The results of these experiments show that the curves
representing this process catalysed by the enzyme in the control and the tested
groups have a very similar course — both are triphasic. In the time interval of
1 —15 min the quantity of inorganic phosphate released by the enzyme in the
control group and in the tested one is very similar, without statistically
significant differences. When the incubation period is prolonged, a statistically
significant increase in the amount of phosphate released by the enzyme of the
animals exposed to heat occurs as compared with that in the control group. In
the course of further experiments the process of Mg?*-ATP-ase inhibition by
chlorpromazine (CPZ) — a known inhibitor of this enzyme (Akera, Brody
1972) — was studied.

umoles Pi/mg protein
umole Pi/mg biatka
5.0r
*)
4°C
“Or 21°¢
*)
3,0t v
201
o-1
R
1,01

10 20 30 40 50 60 t [min]
Fig. 3. Hydrolysis of ATP by Mg?*-ATP-ase as a function of time. Each point represents
mean + SEM of 6 experiments. *'—p < 0.02, I — control group, 2 — rats exposed to 41+ 1°C
Ryc. 3. Hydroliza ATP przez Mg?*-ATP-az¢ jako funkcja czasu. Kazdy punkt jest $rednia +
SEM z 6 doswiadczan. I — grupa kontrolna, 2 — grupa nagrzewana w temperaturze 41+ 1°C.
*)
p < 0.02
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Analysis of the inhibition curves (Fig. 4.) indicates that, in the presence of
chlorpromazine in a 2.5x 1073 M to 1 x 10~* M concentration, no statistically
significant differences appear in the degree of inhibition of the enzyme in the
control and the experimental group, whereas CPZ in a 25x107* M
concentration caused a 70 per cent inhibition of enzyme activity in the control
group and a much weaker, by about 40 per cent, depression of enzyme activity
occurs in animals subjected to thermic treatment. After an increase of CPZ
concentration in the incubation medium the degree of inhibition of enzyme
activity in both groups of animals increases, reaching at concentration of
1 x 1073 M 90 per cent in the control group and 65 per cent in the test group.
The I, value was found to be for the enzyme of the control group 1.75x 10™*
M and for the enzyme of the thermically treated animals it is higher amounting
to 4x10”* M. The functional state of brain mitochondria of animals after
subjection to thermic treatment was evaluated on the basis of polarographic
measurement of oxygen uptake (results are shown in Tab. 2). These data
indicate that exposure of the animals to heat causes an about 13 per cent
increase of mitochondrial activity in respiration state 4 in the presence of
succinate and a slight decrease of the oxygen uptake rate in respiration state 3.
Statistical analysis demonstrated, however, that these differences are not
statistically significant. The parametres of oxidative phosphorylation (ADP/O
and RCR) in mitochondria of control and of tested animals are very close and
do not show statistically significant differences.
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Fig. 4. Percent of inhibition of Mg?*-ATP-ase as a function of chlorpromazine concentration.
Each point represents mean + SEM of 6 experiments. I — control group, 2 — rats exposed to
41+1°C. ¥p < 0.02
Ryc. 4. Procent inhibicji Mg? * -ATP-azy jako funkcja st¢zenia chloropromazyny. Kazdy punkt jest
srednia + SEM z 6 doswiadczen. I — grupa kontrolna, 2 — szczury nagrzewane w temperaturze
41+1°C. ¥p < 0,02
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Table 2. Respiratory activity and oxidative phosphorylation of rat brain mitochondria after exposure to high temperature
Tabela 2. Aktywnos¢ oddechowa i oksydacyjna fosforylacja mitochondriow moézgu szczura poddanego dzialaniu wysokiej temperatury otoczenia

Oxygen uptake

nmoles O,/min/mg protein Number of
Substrate Tempenis Zuzycie tlenu animals
Substrat TR nmole O,/min/mg biatka s R Liczba
zwierzat
(°C) state 4 state 3
stan 4 stan 3
Succinate 21 102+1.2 445+3.1 1.90+0.12 48+04 10
Bursztynian 41 11.6+1.4 438+2.7 1.82+0.11 45403 10
Glutamate 21 9.240.6 36.8+23 2.75+0.10 49405 8
+ malate
Glutaminian
+ jablczan 41 8.74+0.5 34.5+2.7 2.66+0.13 47406 10

. Results are mean values + standard error of the mean.
| Wyniki sa $rednimi arytmetycznymi + $redni blad Sredniej arytmetycznej.

respiratory control ratio
RCR — ) i
wspolczynnik kontroli oddechowe;j

phosphorylation index

ADP/O —
iloraz fosforylacyjny

http://rcin.org.pl

(44

‘Te 12 BUZOAMUONS ‘A



Cerebral hyperthermia — oxidative metabolism 253

DISCUSSION

High environmental temperature is a stress factor to which the organism
responds by a number of metabolic changes (Karlyev 1985). Under conditions
of acute environmental hyperthermia there occurs an insufficiency of the
thermoregulative mechanisms, owing to the disturbed heat exchanges with the
environment, this causing a rise of body temperature above normal.

The experimental model applied by us consisted in a threefold subjection of
the animals for six hours to elevated environmental temperature of 41+ 1°C.
This temperature is the lower limit of intensive hyperthermia. Survival of the
rats under the conditions applied was 85 per cent. The results of our
investigations demonstrated that exposure of the animals to 41°C breaks down
the thermoregulation mechanism as manifested by the appearance of fever. The
body temperature rise was rather pronounced amounting on the succesive days
of exposure to 2.5° 2.5° and 2.4°C. These data agree with the results of other
authors (Carlsson et al. 1976; Rakhimov, Almatov 1977).

The results of earlier studies indicate that exposure of animals to heat
produces changes in oxidation processes in the mitochondria of various organs.
The intensity of these changes depends of the kind of tissue, the environmental
temperature and the time of exposure. Short action of elevated temperature
(41°C, 2 h) on the organism depressed the respiratory activity of the
mitochondria of skeletal muscles and simultaneously stimulated processes of
oxidative phosphorylation (Karlyev 1985), whereas in the liver the substrate
oxidation rate did not change (Rakhimov, Almatov 1977, Swaroop, Rama-
sarma 1982). The investigations of Musaev et al. (1981) indicate that, during
exposure of animals to heat, the changes are most pronounced in the
mitochondria of the small intestine mucosa. The oxygen uptake rate increases
in respiration states 3 and 4, and the phosphorylation index and respiration
control decrease. When the elevated environmental temperature is applied
repeatedly (38° and 41°C) the oxidation rate decrease in the liver mitochondria
(Rakhimov, Almatov 1977; Swaroop, Ramasarma 1982; Skonieczna et al.
1986a) and in the kidneys (Puranam et al. 1984), the oxidative phosphorylation
parameters remaining unchanged. The results of the present paper indicate that
exposure of animals to a temperature of 41°C for three days does not cause
significant changes in the respiratory activity and oxidative phosphorylation
processes in the brain mitochondria.

Under conditions of environmental hyperthermia changes occur in the
activity of the mitochondrial respiratory enzymes. Depression of succinate
dehydrogenase activity in the liver mitochondria was observed even after a
short exposure to excessive heat (Swaroop, Ramasarma 1982; Skonieczna et al.
1986b). Thermic stress produces a decrease in succinate oxidase and
cytochrome oxidase activity in the heart and skeletal muscle mitochondria
(Bedrak, Samoiloff 1967). We have demonstrated in our earlier investigations
that exposure of animals to moderate environmental hyperthermia enhances
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NADH dehydrogenase and NADH-cytochrome c reductase activity and
depresses succinate dehydrogenase and succinate-cytochrome c reductase
activity in the brain mitochondria (Skonieczna et al. 1987). The here presented
results indicate that application of a higher temperature, up to 41°C, to the
animals does not enhance the observed modifications in the respiratory
enzymes. In the brain mitochondria of animals subjected to acute environmen-
tal hyperthermia only an increase of NADH dehydrogenase activity was noted.
The question arises, why do, under the influence of hyperthermia, after a short
time changes arise in the respiratory processes in the mitochondria of skeletal
muscles and the small intestine mucosa, and after prolonged exposure, in the
liver and kidney mitochondria, whereas no such modifications are found in the
brain. It would seem that this question may at least partly be explained by the
changes in blood circulation observed under conditions of environmental
hyperthermia and consisting in an increased surface blood flow and its
diminution in the internal organs (liver, kidneys), this leading to anoxia in these
tissue. The studies of Carlsson et al. (1976) showed, on the other hand, that
changes do not occur in blood flow in the brain when the body temperature of
the animals rises to 41°C, and when it reaches 41°C the blood flow through the
brain even increases with simultaneous enhanced lung ventilation. Owing to
these mechanisms set in operation the brain temperature in animals exposed to
heat is lower than in the remaining parts of the body. The data quoted here
may explain the fact that, even under conditions of severe hyperthermia no
changes are noted in the functional state of the brain mitochondria.

It should, however, be taken into account that, in spite of the lack of
changes in the mitochondrial respiratory parameters, environmental hyper-
thermia may cause structural disturbances in the mitochondrial membranes.
Rakhimov (1977) demonstrated that even short lasting elevated environmental
temperature reduces the thermostability of liver mitochondria and increases
their susceptibility to the lytic action of phospholipase D and trypsin. Musaev
et al. (1981) also found some latent impairments in the mitochondrial
membranes of the small intestine mucosa of animals exposed to elevated
temperature. The liver and kidney mitochondria of the animals subjected to
moderate environmental hyperthermia also exhibit a loosened structure of the
mitochondrial membranes. As consequence of this the cytochrome c content
decreases (Swaroop, Ramasarma 1982; Puranam et al. 1984). Structural
disorders in the mitochondrial membranes observed under varying thermic
conditions arise as the result of changes in the membrane phospholipid content
(Raison 1973; Demediuk, Moscatelli 1983).

The results of Szepelev’s investigations (1976) proved that, under conditions
of severe environmental hyperthermia the degree of unsaturation of brain lipids
is diminished because of the decrease of arachidonic acid content and increase
of palmitic and stearic acids content. The changes observed by us and other
authors (Brooks et al. 1971; Suchocka, unpublished data) in Mg?*-ATP-
-ase activity in the mitochondria of animals exposed to heat may result from
structural changes in the mitochondrial membranes. The latter enzyme is
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lipid-dependent and its activity is regulated by the membrane lipids. It was
found, under in vitro conditions that structural changes are induced in
Mg?*-ATP-ase by temperature (Parenti Castelli et al. 1983). Studies of the
kinetics of the ATP hydrolysis reaction and kinetic investigations of the process
of this enzyme inhibition by chlorpromazine point to structural changes in the
enzyme arising as the result of exposure of the animals to heat. The enzyme of
animals subjected to severe environmental hyperthermia is less sensitive to the
action of the inhibitor (I, value more than two times higher). We believe that
modification of Mg?*-ATP-ase activity under varying temperature conditions
of the environment may be an indicator of structural changes in the inner
mitochondrial membrane. Our suggestions agree with the conclusion of
Gwozdz et al. (1978) who demonstrated destructive changes in the brain
mitochondria, increasing in intensity with the rise of the body temperature of
the animals.

OKSYDACYJNA FOSFORYLACJA I AKTYWNOSC WYBRANYCH OKSYDOREDUKTAZ
MITOCHONDRIOW MOZGU SZCZURA PODDANEGO DZIALANIU OSTREJ
HIPERTERMII SRODOWISKOWE]J

Streszczenie

Przeprowadzono badania procesu oksydacyjnej fosforylacji, aktywnosci enzymow lancucha
oddechowego oraz Mg?*-ATP-azy mitochondriow mozgu szczuréw, ktore przez kolejne 3 dni
nagrzewano 6 godzin w temperaturze 41+1°C.

Aktywno$¢ enzyméw oddechowych oznaczano we frakcji czastek submitochondrialnych.
Iloraz fosforylacyjny ADP/O i wspoélczynnik kontroli oddechowej wyznaczano metoda polaro-
graficzna, przy uzyciu elektrody tlenowej Clarka.

Stwierdzono, ze nagrzewanie zwierzat powoduje znamienny statystycznie wzrost aktywnosci
dehydrogenezy NADH (ok. 25%) i Mg?*-ATP-azy (ok. 20%), natomiast aktywnosci NADH-
-cytochrom c¢ reduktazy, dehydrogenazy bursztynianowej, bursztynian-cytochrom c¢ reduktazy i
oksydazy cytochromowej ulegaja nieznacznym zmianom, ale roznice te sa nieznamienne
statystycznie.

Badania kinetyki reakcji hydrolizy ATP oraz procesu inhibicji przez chloropromazyng
wykazaly, z¢ w wyniku nagrzewania zwierzat dochodzi do zmian strukturalnych Mg?*-ATP-azy
mitochondriéw mézgu. Pomimo wystepujacych zmian Mg?*-ATP-azy w badanych warunkach
hipertermii srodowiskowej nie nastgpuje zaburzenie procesow oksydacyjnej fosforylacji. Wartosci
ADP/O i RCR mitochondriéw mozgu zwierzat nagrzewanych ulegaja nieznacznemu obnizeniu, ale
roznice te sa nieznamienne statystycznie w stosunku do kontroli (zwierzgta przebywajace w temp.
21%C).

OKCUJJATUBHAS ®OCOOPUIIALIUA U AKTUBHOCTb U3BPAHHbIX
OKCUJIOPEJYKTA3 MO3IOBbIX MUTOXOH/IPEB KPbICHI MOJABEPTHYTOM
JENUCTBUIO OCTPOW TUIEPTEPMUU CPE/lbI

Pe3ome

HccnenoBanuck npoiece OKCHAATHBHON HOCHOpPHIISIIMA, AKTUBHOCTH IH3UMOB bIXATEIbHOM
uenu 1 Mg?*-AT®-a361 MUTOXOHPEB MO3ra KpBIC, OIBEPracMbIX B TEYEHHE 3 OUEPE/THBIX JHEH
6-TH 4acoBOMYy HarpeBaHuio B Temmnepatype 41+ 1°C.

9 — Neuropatologia Polska 2/88
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AKTMBHOCTb JIbIXaTeJIbHBIX JH3MMOB 00O3HaYajachb B CyOMHTOXOHJIPHAJIbHOW (PaKLKMK.
Yactaoe dochopunsiuun ADP/O u k03DOHIHEHT AbIXaTEIBHOrO KOHTPOJIS ONpPEACIISIHCh
noJisporpapuyeckuM MeToaoM, ynotpebiss kuciopoanyrwo aekrpoay Clarka.

OOHapykeHO, YTO HArPEeBaHHE KUBOTHBIX BHI3BIBAET CTATHCTHYECKH 3HAMEHATEIILHOE YBEJIH-
yeHne akTHBHOCTH aeruaporenasst NADH (okono 25%) u Mg? " -AT®-a3s1 (okos10 20%), BMeCTO
Toro akTuBHOCT NADH-IMTOXpOM C peayKTassl, SHTAapHOM JErHAPOreHa3bl, CyKIIHHATOLUTO-
XPOM C pe/lyKTa3bl W IIMTOXPOMOBO# OKCH/IA3bl W3MEHSETCH HE3HAYMTEJIHO M ITH H3MEHEHHs
CTATHCTUYECKH HE3HAMEHATE/IbHBI.

UccrieoBanns KHHETUKH peakuuu ruapoiusa AT® u npouecca TOPMOXKEHHS XJIOpONpoma-
3HHOW TMOKa3aj¥, YTO HArpEeBAHHWE J>XHBOTHBIX TNPHUBOAMT H CTPYKTYPAJbHBIM HM3MEHECHUAM
Mg?*-AT®-a3b1 MuToXoHApHeB Mo3ra. He cMoTps Ha m3menenus Mg? " -AT®-a3bl B uccieno-
BaHHBIX YCJIIOBUSX FHIIEPTEPMHUH CPEJIbl, HET HAPYILEHHs MIPOIeCCa OKCHAATHBHOM dochopuisiiun.
Benmuuna ADP/O u RCR MHTOXOHApEB MO3ra HAarpeBaeMbIX J>XHBOTHBIX HE3HAYHUTEIBHO
MNOHMXAFOTCS, HO 3TO NOHMKEHHE CTATHCTHYECKH HE3HAMEHATEJIbHOE M0 CPABHEHHIO C KOHTPOJIb-
HO# rpynmoi (KMBOTHbIe mpobbiBarome B Temnepatype 21°C).

REFERENCES

1. Akera T., Brody T. M.: Effects of chlorpromazine free radical on brain enzymes. Biochem.
Pharmacol., 1972, 21, 1403 —1411.

2. Atkinson A., Gatenby A. D., Lowe A. G.: The determination of inorganic ortophosphate in
biological systems. Biochim. Biophys. Acta, 1973, 320, 195—204.

3. Bedrak E., Samoiloff V.: Comparative effects of aldosterone and heat acclimatization on
oxidative enzymes in rat tissues. Canad. J. Physiol. Pharmacol., 1967, 45, 717—722.

4. Brooks G., Hittleman K., Faulkner R.: Temperature, skeletal muscle mitochondrial function
and oxygen debt. Amer. J. Physiol., 1971, 220, 1053 —1059.

5. Carlsson C., Haggerdal M., Siesjo B. K.: The effect of hiperthermia upon oxygen consumption
and upon organic phosphates, glycolytic metabolites, citric acid cycle intermediates and
associated aminoacids in rat cerebral cortex. J. Neurochem., 1976, 26, 1001 —1006.

6. Cassuto X., Chaffee R. R.: Effect of prolonged heat exposure on the cellular metabolism of the
hamster. Amer. J. Physiol., 1966, 210, 423 —463.

7. Clark J., Niclas W.: The metabolism of rat brain mitochondria. J. Biol. Chem., 1970, 245,
4724 —4731.

8. Demediuk P., Moscatelli E. A.: Synaptosomal and brain mitochondrial lipids in hibernating
and coldacclimated Golden hamsters. J. Neurochem., 1983, 40, 1100—1105.

9. Estabrook R. W.: Mitochondrial respiratory control and polarographic measurement of
ADP:O ratios. In: Methods in enzymology. Eds. R. W. Estabrook, M. E. Pullman, Academic
Press, New York, 1967, 10, 41 —47.

10. Farias R. N., Bloj B., Morero R. D., Sineriz F., Trucco R. E.: Regulation of allosteric membrane
bound enzymes though changes in membrane lipid composition. Biochim. Biophys. Acta, 1975,
415, 231-251.

11. Goldberg N., Passonneau J., Lowry O.: Effects of changes in brain metabolism on the levels of
citric acid cycle intermediates. J. Biol. Chem. 1966, 241, 3997 —4003.

12. Gwozdz B., Dyduch A., Grzybek H., Panaz B.: Structural changes in brain mitochondria of
mice subjected to hyperthermia. Exp. Pathol., 1978, 15, 124 —126.

13. Hosie R. J.: The localization of adenosine triphosphatases in morphologically characterized
subcellular fractions of guinea-pig brain. Biochem. J., 1965, 96, 404 —412.

14. Karlyjev K. M.: Effect of high environmental temperature on oxygen consumption by the
bodies of humans and animals. Usp. Fizjol. Nauk., 1985, 16, 109 —121.

15. King T. E.: Reconstitution of respiratory chain enzyme systems. XI. Use of artifical electron
acceptors in the assay of succinate dehydrogenatng enzymes. J. Biol. Chem. 1963, 238,
4032—4036.

http://rcin.org.pl



20.

218

22.

23.

24.

25:

26.

27

28.

29.

Cerebral hyperthermia — oxidative metabolism 257

. King T. E,, Horward R. L.: Preparation and properties of soluble NADH dehydrogenase from

cardiac muscle. In: Methods in enzymology. Eds. S. P. Colowik, N. O. Kaplan, Academic
Press, New York, 1967, 10, 275—294.

. Musaev K., Almatov K., Rakhimov M., Akhmedov R.: Effect of hyperthermia on the functions

of mitochondria from rat small intestine mucosa. Vop. Med. Khim., 1981, 27, 763 —769.

. Parenti Castelli G., Barocca A., Fato R., Rabbi A.: A temperature dependent structural changes

of mitochondrial ATP-ase. Biochem. Biophys. Res. Commun., 1983, 111, 366 —372.

. Puranam R. S., Shivaswamy V., Kurup C. K., Ramasarma T.. Oxidations in kidney

mitochondria of heat exposed rats: regulation by cytochrome c. J. Bioenerg. Biomembr., 1984,
16, 421 —431. ;
Raison J. K.: The influence of temperature-induced plase changes on the kinetic of respiratory
and other membrane associated enzyme systems. J. Bioenergetics, 1973, 4, 285—309.
Rakhimov M., Almatov K.: Some characteristics of mitochondrial multienzyme systems from
rat liver mitochondria after heating of rats. Biokhimia, 1977, 42, 1852—1863.

Roberts J. C., Chaffee R. R.: Metabolic and biochemical aspects of heat acclimation in the deer
mouse. Peromyscus maniculatus sonoriensis. Comp. Biochem. Physiol., 1976, 53A, 367 —369.
Shepelev A.: Effect of acute physical overheating of animals on peroxidation of lipids. Vop.
Med. Khim., 1976, 22, 47—51.

Skonieczna M., Piech A., Bicz W.: Influence of repeated exposure to elevated environmental
temperature on the activity of respiratory enzymes of rat liver mitochondria. Med. Pracy,
1986a, 37, 227—235.

Skonieczna M., Kruszewska J., Nowak J., Bicz W.: Influence of increased environmental
temperature on oxidation processes in rat liver mitochondria. Acta Physiol. Pol., 1986b, 37,
157—167.

Skonieczna M., Kruszewska J., Bicz W.: Oxidations in brain mitochdria of rats exposed to
heat. Neuropatol. Pol., 1987, 25, 177—185.

Smith L.: A study of some oxidative enzymes of bakers yeast. Arch. Biochem. Biophys. 1954,
50, 285—298.

Sottocasa G. L., Kuylenstierna B., Ernster L., Bergstrand A.: An electron transport system
associated with the auter membrane of liver mitochondria. A biological and morphological
study. J. Cell. Biol,, 1967, 32, 415—448.

Swaroop A., Ramasarma T.: Changes in mitochondrial oxidative metabolism under conditions
of heat stress. Indian J. Biochem. Biophys., 1982, 19, 382—387.

Authors’ address: Dept. of Drug Metabolism, Institute of Biopharmacy, 1, Banacha Str.,

02-097 Warszawa.

http://rcin.org.pl



NEUROPATOL. POL., 1988, 26, 2
PL ISSN 0028-3894

JAN PACHECKA, JERZY PODLESNY*, WIESLAW GAZDZIK*, KATARZYNA ZAREMBA,
WLODZIMIERZ BICZ

EFFECT OF HIGH AMBIENT TEMPERATURE ON DISTRIBUTION
OF CARBAMAZEPINE AND ITS MAIN METABOLITE
10,11-EPOXY-CARBAMAZEPINE IN RAT BRAIN**

Department of Drug Metabolism, School of Medicine, Warszawa and *Laboratory of Clinical
Pharmacokinetics, Center of Child Health, Warszawa

Carbamazepine is an iminostilbene derivative with anticonvulsant proper-
ties. The drug is wedely used for the treatment of convulsive disorders,
trigeminal neuralgia and other lightening pains (Suria, Killam 1980). The
metabolism of carbamazepine has been extensively studied both in laboratory
animals and in man. The main pathway of biotransformation involves
formation of carbamazepine-10,11-epoxide, which is similar in activity to the
parent drug. The epoxide crosses the blood-brain barrier and may contribute
to the total anticonvulsant activity after carbamazepine administration
(Frigerio, Morselli 1975; Frigerio et al. 1976). Carbamazepine and its main
metabolite are distributed rapidly and quite uniformly to various organs and
tissues, with higher concentration in liver, kidney and brain (Morselli et al.
1971; Morselli 1975). In the rat brain concentration of carbamazepine is 1.1 to
1.6 times that in plasma, whereas brain to plasma ratios for the epoxide range
from 0.4 to 0.8, suggesting a reduced penetration of the metabolite into the
brain after single dosing (Farghali-Hassan et al. 1976). Studies on the regional
brain distribution in rats housed at constant room temperature (22°C) have
shown that at shorter time higher carbamazepine concentrations may be found
in the cortex and thalamus, whereas lower levels may be observed in the
cerebellum and lower brain stem. In contrast, the carbamazepine epoxide was
found apparently concentrate in the thalamus (Pantarotto et al. 1979). No data

**The work was supported by Polish Academy of Sciences. Research Programme CPBP
06-02.11.3.6.
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are available in the current literature on the effects of high ambient
temperature on the distribution of carbamazepine and its epoxide in different
rat brain areas. In this study, we have examined the distribution of both
carbamazepine and carbamazepine-10,11-epoxide in different brain areas of
rats given a single dose of drug and exposed to high environmental
temperature.

MATERIAL AND METHODS

Animals. Male white rats weighing 250—300 g were used for the
experiments. Carbamazepine dissolved in oil was administered through
a gastric probe in a dose of 50 mg/kg body weight and the rats were exposed to
increased temperature. During hyperthermia the rats were housed 3—35 per
cage at 28°C or 35°C for 6 h. The relative humidity during exposure to increase
temperature was 40—70%. After 6 h of exposure, the rats were killed by
decapitation. Blood serum and brain regions (hypothalamus, thalamus,
striatum, hippocampus, lower brainstem, cerebellum and cerebral hemispheres)
were collected and stored at —21°C until required for analysis.

Extraction procedure. To 0.5 ml blood serum or brain tissues (after
homogenization of 0.1 g of net weight with 1 ml of distilled water) 12 pul of
5,5-diphenylhydatoin methanol solution (400 pg/ml as internal standard) and
50pl acetate buffer, pH 4.0 was added. The samples were extracted with 4 ml of
methylene chloride. The extractions were carried out for 30 min by shaking at
room temperature. After separation by centrifugation the organic phase was
transferred to conical glass tubes and evaporated to dryness under a gentle
stream of nitrogen. The residue was dissolved in 200 ul of mobile phase
solution and a 20 pl portion of this was injected for high performance liquid
chromatography.

High performance liquid chromatography (HPLC). HPLC was carried out
on an apparatus equipped with a 8500 pump Varian, USA, Spectrophotometric
detector (Technicol, USA), integrator CDS 111 (Varian, USA) and registrator
T-2-4100 (Laboratorni Pristroje, CSRS). '

The separation of the drug and metabolite was carried out using a system
containing precolumip RP-18 SPMERI/10 18-GU (Brownelee Libs, USA),
column PARTISIL CGS/C8 5 nm 100 mm x 4.6 mm (Whatman, USA)
located in a thermostat (Labora Menheim FCR) at 30°C. The solvent system
consisted of methanol:phosphate buffer, pH 4.42 (46:54 v/v), flow rate 80
cm?/h, wavenlength — 210 nm.

RESULTS AND DISCUSSION

The concentrations of carbamazepine and cerbamazepine-10,11-epoxide in
rat brain regions and serum were determined by high performance liquid
chromatography using phenytoin as internal standard.
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The results presented in Fig. 1. indicate that cerbamazepine as well as
carbamazepine-10,11-epoxide penetrate to all tested brain areas of control rats
(21°C). The highest concentration of carbamazepine (5.5 + 0.8 pg/g fresh tissue)
was observed in the hippocampus, whereas the lowest (1.9+0.3 pg/g fresh
tissue) in the cerebral hemispheres. In contrast to the parent drug, the main
metabolite carbamazepine-10,11-epoxide was present at highest concentration
in the hypothalamus (1.6+0.24 pg/g fresh tissue) and the lowest in the
hemispheres (0.5+0.1 pg/g) fresh tissue.

A similar pattern of distribution of carbamazepine and 10,11-epoxycar-
bamazepine in the brain of rats exposed 6 h to 28°C was observed, however, in
the case of all anatomical regions tested, an increased level of the drug was
observed. The increased level of carbamazepine in the hippocampus was
6.3+0.6 pg/g fresh tissue (Fig. 2). The exposure of rats to 35°C caused a
significant increase of carbamazepine concentration in the hippocampus to
9.8+2.3 pg/g fresh tissue, and in the hemispheres to 2.8 +0.5 pg/g fresh tissue.
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Fig. 1. Carbamazepine and 10,11-epoxycarbamazepine levels in rat brain regions. Data represent
mean values from 6 experiments + SD. a — hippocampus, b — striatum, ¢ — thalamus, d —
hypothalamus, e — cerebellum, f — medulla oblongata, g — cerebral hemisphere
Ryc. 1. Poziomy karbamazepiny i 10,11-epoksykarbamazepiny w badanych strukturach moézgu.
Wyniki stanowia $rednia z 6 zwierzat + SD. a — hipokamp, b — prazkowie, c — wzgorze, d —
podwzgorze, e — mozdzek, f — rdzen przedtuzony, g — poltkule mozgu
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Fig. 2. Concentration of carbamezepine in brain regions of rats exposed to elevated ambient

temperature. Data represent mean values from 6 experiments + SD. a — hippocampus, b —

striatum, ¢ — thalamus, d — hypothalamus, e — cerebellum, f — medulla oblongata, g — cerebral
hemisphere

Ryc. 2. Stezenie karbamazepiny w strukturach anatomicznych moézgu szczurow poddawanych

ekspozycji na dzialanie podwyzszonej temperatury otoczenia. Wyniki stanowia $rednig z 6 zwierzat

+ SD. a — hipokamp, b — prazkowie, ¢ — wzgorze, d — podwzgorze, e — moézdzek, f — rdzen
przedtuzony, g — potkule mozgu
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Fig. 3. 10,11-epoxycarbamazepine levels in various rat brain regions after single exposure to high

ambient temperature. Data represent mean values from 6 experiments + SD. a — hippocampus, b

— striatum, ¢ — thalamus, d — hypothalamus, e — cerebellum, f — medulla oblongata, g —
cerebral hemisphere

Ryc. 3. Poziomy 10,11-epoksykarbamazepiny w roznych strukturach anatomicznych mozgu

poddawanych ekspozycji na dziatanie podwyzszonej temperatury otoczenia. Wyniki stanowia

Srednig z 6 zwierzat + SD. a — hipokamp, b — prazkowie, ¢ — wzgorze, d — podwzgorze, e —
mozdzek, f — rdzen przedluzony, g — poétkule mozgu
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Statistical analysis of these data indicates that these differences are not
significant.

Another pattern of distribution was observed in the case of 10,11-epoxy-
carbamazepine. The highest concentration of this metabolite was observed in
the thalamus (3.1+0.5 pg/g fresh tissue), the lowest in the hemispheres
(0.5+0.2 png/g tissue). The exposure of rats to higher ambient temperatures
caused an increase of 10,11-epoxycarbamazepine concentration in different
brain areas (Fig. 3). The mean level of the parent drug in the thalamus of rats
exposed to 35°C or 28°C was 5.5+ 1.1 pg/g tissue or 4.0+ 1.0 pg/g tissue,
respectively. These differences were statistically significant.

The results presented in this paper suggest, that exposure of rats to 35°C
changes the concentration of 10,11-epoxycarbamazepine, but not that of the
parent drug, in some areas of rat brain. The mechanism of these changes as well
as the clinical significance of these findings are not known.

WPLYW PODWYZSZONEJ TEMPERATURY OTOCZENIA NA ZAWARTOSC
KARBAMAZEPINY I JE] GLOWNEGO METABOLITU 10,11-EPOKSY-KARBAMAZEPINY
W MOZGU SZCZURA

Streszczenie

Metoda wysokosprawnej chromatografii cieczowej oznaczano stezenie karbamazepiny
i jej gtownego metabolitu 10,11-epoksykarbamazepiny w 7 strukturach anatomicznych mozgu
szczurow, ktore poddawano jednorazowej 6 godzinnej ekspozycji na dzialanie temperatury 28°C
i 358

Stwierdzono, ze podwyzszona temperatura otoczenia 35°C powoduje istotny statystycznie
wzrost stezenia 10,11-epoksykarbamazepiny w podwzgorzu, poétkulach moézgu, prazkowiu,
mozdzku i rdzeniu przedtuzonym.

BJINSIHME MOBBIIIEHHON TEMITEPATYPbI CPE/Ibl HA PA3MEIIEHUE
KAPBAMASBEITUHBI U EE I'N'TABHOI'O METABOJIMTA 10.11-3ITOKCHA KAPBAMA-
3EMMMHBI B AHATOMUYECKHUX CTPYKTYPAX MO3lrA

Pe3ome

MeTonoM BBICOKOMCTIPaBHO#M JIMKBOPHOM XpoMaTtorpaduum 0603Ha4anach KOHIEHTpAIHs
kapbamasenuHbl ¥ ee riaBHoro merabonmra, 10,11-3m0kcH kap6amasenuusl B 7 aHATOMHYECKHX
CTPYKTYpax MO3ra KphiC, KOTOpbI€ ObUIH NMOABEPrHYTHI OHOKPATHON 6-TH 9aCOBOM 3KCIO3HIIHH
Ha TemmnepaTtyphl 28°C u 35°C.

OG6HapyXeHO, 4TO TNOBbIIEHHas TeMmrepatypa cpeabl (35°C) BBI3BIBAET CTATHCTHYECKH
CYLIECTBEHHOE yBeJMYeHHe KoHUeHTpamuH 10,11-3mokcH kapbamasenmuHbl B MO3rOBBIX
MOJIyIIAPUSAX THIOTAJaMyce, CTPHAPHBIX SJPaX, MO3XE4YKe H MPOJOJIrOBaTOM MO3re.
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