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Abstract. The influence of staphylococcal o-toxin on the ultrastructure
of hypothalamo-neurohypophysical system in the brain (nucleus
supraopticus, nucleus paraventricularis, neurohypophysis) was studied
in the rat. In neurohypophysis, an area lacking blood-brain barrier,
o-toxin damaged both neuronal endings and capillary vessels. On the
other hand in hypothalamus, where blood-brain barrier is present
structural alterations were much less pronounced. Reactive gliosis,
accordant with cell damage, was observed in the entire neurosecretory
system. Putative mechanisms leading to brain damage after systemic
administration of ¢-toxin, including direct disruption of cell membrane
and induction of nitric oxide synthesis, are discussed.
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INTRODUCTION

Staphylococcal ¢i-toxin is a water-soluble 33 kD
polypeptide secreted by Staphylococcus aureus.
This substance, being lethal for most laboratory ani-
mals, has haemolytic and dermonecrotic properties.
The toxin has been shown to damage artificial
membranes (Tomita et al. 1992) and a variety of
mammalian cells including erythrocytes (Cassidy
and Harshman 1976), platelets, monocytes (Bhakdi
1990), pulmonary endothelial cells (Suttorp et al.
1985), alveolar macrophages (McGee et al. 1983),
and adrenocortical Y1 cells (Thelstam and Blom-
quist 1984).

Ithas been established by Fiissle etal. (1981) that
o-toxin is assembled from monomers to hexamers
inserted in the plasma membrane. There is evidence
for a causal relationship between hexamer formation
and the induction of functional membrane lesions,
hexamers forming ion-permeable trans-membrane
pores (Ikigai and Nakae 1987).

Besides circulatory disturbances induced by o-
toxin, the central nervous system has been con-
sidered to be a putative target for its lethal action.
The results showing binding the toxin to the myelin
with myelin disruption (Harshman et al. 1985),
electroencephalographic studies (Edelwein and
Jeljaszewicz 1973), and in vive distribution of 1311—
labelled toxin (Jeljaszewicz et al. 1963) imply a
neurotoxic action of o-toxin. In this study we show
that neurotoxic effects of o-toxin in brain hypotha-
lamo-neurohypophyseal system are particularly
pronounced in neurohypophysis, aregion devoid of
blood-brain barrier.

METHODS

The experiments were performed on 10 Wistar
rats, females weighing 170 g. Solution of o-toxin
was prepared according to Wadstrom (1968) and
0.5 ml of the diluted toxin (1:20) was injected into
the pedal vein of 5 animals under anaesthesia of 4%
halothane in 30:70 v/v O2/N20 mixture. 0.5 ml of

Fig. 1. Nucleus supraopticus, control animal. Fragment of nor-
mal neuron with developed Golgi comples (G) and many
neurosecretory granules (arrow). x10,000.

physiological saline instead of toxin was injected in
5 control rats. The animals were sacrificed after 48
h and transcardially perfused with 2.5% glutaralde-
hyde in phosphate buffer (pH 7.4). The brains were
isolated and additionally fixed in the same solution.
At the end of the postfixation period the tissue sam-
ples containing paraventricular and supraoptic nu-
clei, and the nervous part of the pituitary gland were
treated with 2% OsO4 dissolved in the same buffer.
Subsequently, the samples were dehydrated in the
increasing concentrations of alcohol and propylene
oxide, and embedded in Epon 812. The ultrathin
sections were contrasted in aqueous solution of
uranyl acetate and lead citrate. The microphoto-
graphs were taken in JEM 1200 EX electron micro-
scope.
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Fig. 2. Nucleus paraventricularis, 48 h after administration of

o-toxin. Ultrastructurally normal capillary vessel and frag-
ment of neurosecretory cells (N) with multiple neurosecretory
granules in the perivascular area. Note some swollen astro-
cytic processes (A) and synapses (S). x18,000.

RESULTS

Hypothalamus: nuclei supraopticus (SO)
and nucleus paraventricularis (PV) 48 h
after administration of o-toxin

Neurones in SO and PV showed similar reaction
to o-toxin, and therefore the ultrastructural changes
in these two nuclei will be described jointly. Several
types of neurones were observed. The most often
encountered were ultrastructurally normal neur-
ones, containing giant nuclei with large invaginations,
well-developed rough endoplasmic reticulum and
Golgi complex, moderate amount of secretory gra-

Fig. 3. Nucleus supraopticus, 48 h after administration of .-
toxin. Large number of lysosomes, swollen mitochondria (M)
and nucleolus-like bodies (NLB) in the cytoplasm. Note ab-
normal dilation of rough endoplasmic reticulum (arrows).
x 18,000,

nules, mitochondria, and lysosomes (Fig. 1). In the
vicinity of blood vessels, neurones with abundant
secretory granules in perikaryon and cell-processes
were found (Fig. 2). Neurones with swollen mito-
chondria (with echolucent matrix and remnants of
cristae) were also sporadically encountered. In
these cells number of lysosomes was increased.
Rough endoplasmic reticulum was well-developed,
and in the peripheral areas of the cell it presented in-
flated channels forming cisterns devoid of ribo-
somes. The globular aggregates of electron-dense
granular material formed "nucleus-like" bodies
(Fig. 3). Some other neurons were shrunk and con-
tained dense matrix, abundant amount of lysosomes
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Fig. 4. Nucleus supraopticus, 48 h after administration of o-
toxin. Two slightly changed secretory neurones (N) in the
perivascular area, swollen synapses (S) and an astrocytic pro-
cess with large number of gliofibrilles (arrows). x8,500.

and dense bodies (so-called dark neurones). Micro-
glial cells were always found in their neighbour-
hood. Synapses with the ultrastructurally-abnormal
neurones were swollen in their presynaptic parts,
and contained echolucent cytoplasm, small amount
of synaptic vesicles in bizarre configurations, and
mitochondria.

Structurally-abnormal astrocytes were encountered
neuropil surrounding PV and SO neurones. In the
majority of fibrillar astrocytes there was excessive
amount of gliofibrils in the perikaryon and pro-
cesses. The perivascular processes of protoplasmic
astrocytes were swollen, contained echolucent cy-
toplasm and remnant organelles(Fig. 4). Glia sur-
rounding capillaries was often abnormal; some glial
processes were swollen, the others having excessive
amount of gliofibrils (Figs. 2, 4 and 5).

Endothelium, pericytes and basement mem-
branes of capillary vessels did not show significant
ultrastructural abnormalities.

Neurohypophysis (PN) - 48 hours after
administration of c-toxin

Normal ultrastructure of neurohypophysis is
showed in Fig. 6. In the experimental group critical
abnormalities in the ultrastructure of all tissue ele-

Fig. 5. Nucleus paraventricularis, 48 h after administration of
o-toxin. Fragment of a capillary vessel with ultrastructurally
unchanged endothelial cell and pericyte. Markedly swollen
protoplasmic astrocytic process (Ap) and fibrillar astrocytic
process with abundant gliofilaments (Af). x10,000.

ments in neurohypophysis were found (Fig. 7). The
most significant changes were observed in the peri-
vascular area. Many axonal fibres were severely
damaged, their plasma membrane was broken and
organelles translocated into the dilated perivascular
space. Many fibres contained small amount of neur-
osecretory granules, but instead increased number

Fig. 6. Neurohypophysis, control animal. Ultrastructurally un-
changes axon profiles containing neurosecretory granules,
mitochondria, microvesicles, and neurotubules, remaining in
a close contact with unchanged pituicytes and capillaries.
x10,000.



Fig. 7. Neurohypophysis, 48 h after administration of o-toxin.
Axon profiles (Ax) and pituicytes (P) exhibiting signs of de-
generation with interrupted cell membrane bilayer and ex-
truded organelles. Note presence of microglial cells (M) near
the perivascular area. x8,500.

of lysosomes, dense bodies, myelin figures, and ab-
normal mitochondria. In the neighbourhood of the
damaged fibres, microglial cells with the signs of
activation (wide channels of rough endoplasmic re-
ticulum filled with a electron-dense substance, large
amount of ogranelles) were observed (Fig. 7). Some
pituicytes were structurally abnormal with in-
creased number of lipid droplets and big, irregular,
electron-lucent vacuoles. These cells contained
fragments of axonal fibres.

The majority of vessels were structurally abnor-
mal and showed features of considerable damage.
Endothalium was thin, the individual endothelial
cells contained dilated or opened tigh junctions,
with deficiencies in the continuity of basement
membrane. The perivascular space was dilated,
electron-lucent, and occasionally contained rem-
nants of organelles, such as neurosecretory gra-
nules, microvesicles, and fragments of collagen
fibres (Fig. 8).

DISCUSSION

The analysis of ultrastructural changes in hypo-
thalamo-neurohypophyseal system revealed that
especially the neurohypophysis is susceptible to the
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Fig. 8. Neurohypophysis, 48 h after administration of ¢-toxin.
Ultrastructurally changed capillary vessel with flattened en-
dothalial cells, open tight junctions, and interrupted basement
membrane (arrows). Abnormal axon fobres (Ax) and pituicyte
(P) near a dilated perivascular space. Note multiple electron-
lucent vacuoles (V), liposomes (L), and disintegrated axonal
profiles (arrowheads) in the cytoplasm of a pituicyte. x10,000.

injury imposed by the systemic administration of
staphylococcal o-toxin. In SO and PV only a minor
fraction of neurones showed features of upregula-
tion of neurosecretory granule biosynthesis. Some
of cells was ultrastructurally damaged with charac-
teristics suggesting a mild retardation and inhibition
of neurosecretion. In the axons and endings of PV
and SO neurones, forming the neural portion of the
pituitary gland, the ultrastructural picture suggested
a severe impairment of the process of neurosecre-
tion. It is thus conceivable that the action of a-toxin
reduces secretion of the hormones into the circula-
tion.
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Microglia in SO, PV and neurohypophysis
showed morphological features of activation, being
in a close surface communication with the structu-
rally changed neurones and synapses. This, together
with an apparent activation of fibrillar astrocytes
and pituicytes suggests an activation of macrophage
properties of glia as a response to cell damage trig-
gered by o-toxin. Activated fibrillar astrocytes are
immunologically competent cells functionally similar
to macrophages and microglia (Zargba-Kowalska et
al. 1983, Malipiero et al. 1990). Reactive gliosis,
such as observed in this study, is a typical response
to injury within the territory of the central nervous
system (Giulian 1993). It has been established that
astrocytes may regulate synapse formation in the
neurosecretory system; glial retraction and associ-
ated synaptogenesis have been proposed to syn-
chronise cellular activity which is an indispensable
phenomenon for a proper pulsate hormone release
(Hatton et al. 1984). Our results may thus suggest
that astroglial and microglial cells are involved in
central neuronal survival in SO and PV.

The exact mechanism of the deleterious action of
a-toxin in the central nervous system has not been
fully elucidated. This toxin may directly damage cell
membranes as described by Freer and Arbuthnott
(1983), but an indirect action via nitric oxide (NO)
is also possible. It has been recently showed that o.-
toxin stimulates NO synthetase in endothelial cells
(Suttorp et al. 1993), and NO in the central nervous
system is considered to be a neurotoxic agent (re-
viewed by Bredt and Snyder 1992). NO is syn-
thesised mainly in the endothelium and in the
post-synaptic neural elements, and diffuses freely
into other cells (Garthwaite 1991).

The finding of only minor, ultrastructural abnor-
malities in capillary vessels in SO and PV is in ac-
cordance with previous observations that o-toxin
does not cross blood-brain barrier in this area
(Blumquist et al. 1987). In contrast, in neurohypo-
physis which lacks blood-brain barrier, we observed
major ultrastructural alterations, exemplified by
presence of wide, irregular perivascular spaces,
membrane lesions, and degeneration of a few axo-
nal endings and pituicytes. These changes may be

attributed to a free penetration of the toxin through
the capillary wall.

In conclusion, this study provides evidence for
the deleterious action of staphylococcal o.-toxin in
the hypothalamo-neurohypophyseal system in
brain. It seems likely, that the damage triggered by
the toxin depends on the patency of blood-brain bar-
rier.
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