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Ultrastructural examination of hippocampal cells
after experimental administration of dexamethasone

Badania ultrastrukturalne komérek hipokampa
po doswiadczalnym podaniu dexametazonu

Glucocorticosteroids (GCs) are one of the most commonly prescribed classes of medications in
medicine, with numerous applications ranging from physiologic replacement therapy to immuno-
suppression. Due to the presence of GC receptors in almost all cells, both the desired and undesired
effects of GC therapy are manifold. Increasing evidence indicates that GCs are toxic to neurons and
have an important role in neurodegenerative process. This is particularly so in the hippocampus,
a principal neural target tissue for GCs with the highest concentration of GCs receptors in the central
nervous system (CNS). The purpose of our experiment was the ultrastructural examination of hippo-
campal neurons after experimental administration of synthetic GC — dexamethasone.

MATERIAL AND METHODS

The experiment was carried out on white mouse males. The animals were divided into two
groups: the control one and the experimental one (including 10 animals each) regarding the age of
animals and stress influence. Control group — the animals receiving distilled water intraperitoneally
in the dose of 0.2 ml/24h. Experimental group — the animals receiving Dexaven for 28 days.

Dexaven was administered intraperitoneally in the single dose 8 mg/kg/24h. After 24 hrs from
the last Dexaven dose animals from experimental group were decapitated and their brains were
collected for histological examination. The procedure in the case of animals from the control group
was the same. After 24 hrs from the last dose of distilled water animals were decapitated and their
brains were collected. For ultrastructural examinations the obtained tissue material was fixed in 4%
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glutaraldehyde. Next, fragments of brains after being dehydrated were embedded in Epon 812 (4).
Half-thin sections, 1 #m thick stained with methylene blue were examined in light microscope in
order to select the areas for ultrastructural studies. The preparations were observed through the trans-
mission electron microscope TESLA BS 500.

RESULTS

CONTROL GROUP

Pyramidal neurons in the CA3 region were arranged in several (3 —~ 5) layers of cells. They
possessed round or oval nuclei. Chromatin formed small electron—dense granules equally dispersed
throughout the nucleus. The nucleolus was well visible. The nuclear envelope consisted of two unit
membranes separated by a narrow space (perinuclear cisterna). The outer membrane of nuclear
envelope was covered with ribosomes. Around the nuclear envelope at sites where the inner and
outer membranes fuse the nuclear pores were visible. In the cytoplasm cell organelles such as rough
endoplasmic reticulum, free ribosomes, mitochondria, lysosomes were visible. Free ribosomes were
equally dispersed within the cytoplasm (Fig. 1).

EXPERIMENTAL GROUP

The amount of pyramidal neurons in the CA3 and CA4 regions significantly decreased. Pyrami-
dal neurons in the CA3 region showed pathological changes leading to the condensation of nucleus
and cytoplasm. Neurons were dark and irregular in shape (Fig. 2, 3). They possessed dark, irregular
nuclei. The surface of nucleus was covered with numerous convolutions and protuberances of vari-
ous size. The nucleus was electrondense and contained compact homogenous chromatin. The peri-
nuclear cisterna was dilated. The nucleolus was enlarged (Fig. 2, 3). In the most severely shrunken
neurons the nucleolus was invisible (phot. 4). The cytoplasm became more condensed. It consisted
of areas of clumped free ribosomes separated by clear spaces representing the dilated cisternae of
rough endoplasmic reticulum and damaged mitochondria. Mitochondria were slightly swollen or
had torn membranes, but in many neurons undamaged mitochondria were visible (Fig. 5). Shrunken,
neurons were surrounded with swollen processes of glial cells (Fig. 3, 5). Between such neurons we
observed other type of cells. They possessed nucleoli regular in shape: round or oval. In these cells
chromatin formed large, electrondense masses beneath the nuclear envelope and similar single ag-
glomerations inside (Fig. 6). The nucleolus was not visible. The nuclear envelope showed the lack of
ribosomes on the surface of external nuclear membrane or the lack of the whole external nuclear
membrane in many places. The perinuclear cisterna was dilated. The cytoplasm of such cells was
electron lucent. Cell organelles such as free ribosomes, cisternae of rough endoplasmic reticulum,
mitochondria were few. The cisternae of rough endoplasmic reticulum were dilated. We observed
microglial cells. They were not numerous and were arranged singly between other cells. Electron
microscopy examination also revealed the swelling of endothelial cells in blood vessels and the
swelling of glial processes surrounding these vessels (Fig. 7). We also observed the damage of myelin
sheaths.
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DISCUSSION

There is no doubt that GCs are toxic to CNS. This is particularly so in the hippocampus, a principal
neural target tissue for GCs with the highest concentration of GCs receptors in CNS (7).The results
of the present study revealed pathological changes in the ultrastructure of hippocampal cells caused
by exogenous GC, dexamethasone. The primary and most severaly affected cells in our experiment
were pyramidal neurons in the CA3 region. Most of neurons in this region showed pathological
changes leading to increasing condensation of the nucleus and cytoplasm. Finally these degenerating
cells died. In any tissue, cell death may follow only two distinct morphological and biochemical
pattemns: necrosis or apoptosis (1, 3, 6, 10). Necrosis is a pathological event that occurs in a large area
of tissue under severe stress (3). Necrosis is a passive process, typified by cell and organelle swell-
ing, less of synthetic functions, disruption of cellular membrane with spillage of the intracellular
contents into the extracellular space (9). The result of this process is usually an inflammatory reac-
tion that leads to local cellular infiltration. In contrast, apoptotic cells undergo a physiological sui-
cide program, which requires an active metabolism and protein synthesis (6, 10). Apoptosis typically
affects single cells scattered throughout the tissue and is not associated with inflammation (9). Apo-
ptosis is also known to be involved in pathophysiological events (8). Apoptosis consists of three
interconnected phenomena: 1) early morphological changes leading to dramatic plasma membrane
blebbing, cell volume contraction and nuclear pyknosis, 2) late morphological changes characterised
by the break up of the nucleus into the discrete fragments and formation of apoptotic bodies, 3) inges-
tion (phagocytosis) of apoptotic bodies and cell debries by adjacent cells. Following dexamethasone
administration we observed these phenomena in the hippocampus. Shrunken, dark neurons observed
in our experiment presented typical early morphological changes characteristic of apoptosis: shrink-
age of cell, condensation of nucleus and cytoplasm, preservation of cell membrane. Although apop-
tosis involves a stereotyped sequence, minor modifications of the process occur in certain cells,
perhaps because of their particular structural features. For example, relatively restricted fragmenta-
tion of both nucleus and cytoplasm, was a pattern of apoptosis of cortical thymocytes (10). Similar
situation may be characteristic also of post—mitotic cells of CNS parenchyma. It can explain why the
fragmentation of the nucleus was not observed in our experiment. Under the influence of dexa-
methasone neurons put in motion the suicide program. This program requires an active protein syn-
thesis. Enlarged nucleoli and a large amount of free ribosomes observed in neurons in our experiment
indicate the active protein synthesis in these cells. A lack of inflammatory infiltration at the place of
damage also confirms this mechanism of cell death. GCs are classic inductors of apoptosis (8). But
the mechanism by which GCs induce apoptosis in neurons is not completely understood. Cells with
round or oval nuclei in which chromatin was clumped beneath the nuclear envelope and with clear
cytoplasm observed in our experiment may correspond to swollen astroglial cells. The swollen glial
processes surrounded shrunken neurons and vessels located in the vicinity of degenerating neurons.
Redistribution of the fluid from cell undergoing shrinkage degeneration to the vicinity undergoing
swelling is characteristic of apoptosis. The swelling of endothelial cells in blood vessels and of glial
processes surrounding these vessels may be additional features for the drug (dexamethasone). They
are the signs of cytotoxic oedema.
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CONCLUSIONS

All our results led to a conclusion that dexamethasone damages the pyramidal
neurons especially in the CA3 and CA4 regions of the hippocampus and degener-
ating neurons in this area have characteristic features of apoptosis.
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STRESZCZENIE

Do niepozadanych dziatai glikokortykosterydéw nalezy ich toksyczny wplyw na osrodkowy
uktad nerwowy. Celem pracy byla ocena na poziomie mikroskopu elektronowego zmian morfolo-
gicznych w neuronach hipokampa po doswiadczalnym podaniu dexametazonu. Wyniki przeprowa-
dzonych badari wskazuja, ze dexametazon uszkadza komérki nerwowe zwlaszcza w okolicy CA3
i CA4 hipokampa, wywolujac w nich zmiany o charakterze apoptozy.



