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The growth and formation of the nervous system
is completed during the prepubertal period [5,10].
One-week exposure of rat pups to stress factors
during the 2nd month of postnatal development
leads to structural changes in neurons in some brain
stem nuclei [2,3]. It is assumed that structures of
the brain stem reticular formation mediate activa-
tion of the sympathoadrenal system during stress
[1,4]. Ventrolateral nuclei of the reticular formation
of the medulla oblongata contain tonically active
neurons inducing generalized vasoconstriction and
adrenergic vasoconstrictor effects [9].

We studied ultrastructural changes in neurons
of the lateral reticular nucleus (LRN) in rat pups
exposed to long-term mental and pain stress (MPS).

MATERIALS AND METHODS

The study was carried out on 40 outbred prepuber-
tal albino rats (aged 30 days at the start of the ex-
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periment). Long-term MPS was induced by group
fixation of animals by the withers [2-4]. The ani-
mals were daily exposed to 3-h MPS for 15 (group
1; n=10) or 30 days (group 2; n=10). Groups 3 and
4 consisted of 10 controls each, aging 45 and 60
days, respectively. The animals were sacrificed
under ether narcosis in accordance with “Regula-
tions for Handling Experimental Animals”.

Fragments of the medulla oblongata (1 mm3)
for electron microscopy were fixed for 12 h in 4%
paraform solution in 0.1 M cacodylate buffer, post-
fixed (2 h) in 1% OsO4 in 0.1 M cacodylate buffer
at 4oC [6], washed in several portions of cacody-
late buffer, dehydrated in ascending alcohols, and
embedded in epon-araldite.

Semithin sections (1 µ) were stained with me-
thylene blue. Ultrathin sections (50-90 nm) were
prepared on an LKB-8800 ultramicrotome and
mounted on copper grids. After contrasting with
2.5% uranyl acetate in 50% ethanol (40 min) and
0.3% lead citrate (20 min) the sections were exa-
mined under a Tesla BS-500 electron microscope
(accelerating voltage 60 kV). Photographs were
made on photographic plates for nuclear studies.
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RESULTS

Pronounced ultrastructural changes were detected
in the LRN. Euchromatin unevenly distributed in
the karyoplasm predominated in the nuclear ultra-
structure of the majority of medium-sized and small
neurons. Significant accumulations of marginally
located chromatin with uneven contours appeared.
These ultrastructural changes became more pro-
nounced by day 30 of MPS.

By day 15 of MPS, a narrow area formed around
the nucleus in the perikaryon cytoplasm in the ma-
jority of medium-sized and small neurons; this area
appeared as a result of slower neuron growth, which
manifested in higher values of the nucleus/cyto-
plasm ratio. Large mitochondria with clarified ma-
trix and focal lysis of cristae and sharply dilated
cisterns of the rough endoplasmic reticulum were
seen in the perikaryon cytoplasm (Fig. 1). The rel-
ative density of free and bound ribosomes decrea-
sed. These ultrastructural changes in the mitochon-
dria persisted on day 30 of MPS and were paral-
leled by a pronounced pericellular edema.

In contrast to the majority of medium and small
neurons, in which MPS decreased the number of
ultrastructures involved in protein synthesis, the
perikaryons of large neurons contained well-deve-
loped rough endoplasmic reticulum cisterns and nu-
merous mitochondria with intact cristae.

On day 15 of MPS, numerous distorted of cross-
section profiles of myelin nerve fibers of different
diameters were seen in the neuropile. The thickness
of the myelin sheath varied. Large nerve fibers with
thick myelin sheath looked less damaged. In some
cases, edema involved the axial cylinder. In many
neurons, foci of myelin sheath loosening were com-

bined with areas of its destruction, appearance of
numerous small vesicles of low electron density.
These changes persisted on day 30 of MPS;
“foamy” axoplasm sites appeared (Fig. 1). Large
irregularly shaped vacuoles formed between the
axolemma and inner coils of the mesaxon and be-
tween the lamellae, which led to loss of fibers in
the myelin membrane, forming deep focal invagi-
nations. Electron density of the axoplasm greatly
varied. Neurofilaments and microtubules predomi-
nated in it; oval, elongated, bent mitochondria were
seen, adjacent to the axolemma. The mitochondrial
membranes were retained, in some cases the ma-
trix was clarified; focal lysis of cristae was ob-
served. Moderate interstitial edema was noted.

The detected differences in the type of ultra-
structural changes in different populations of LRN
neurons are confirmed by the data indicating that
chronic stress exposure leads, on the one hand, to
a decrease in the content of α2A-adrenoreceptor
RNA [13] in the LRN neurons and on the other, to
an increase in enkephalin content [11] and α2A-
adrenoreceptor RNA level in large glutamatergic
LRN neurons [7], which is regarded as a sign of
increased functional activity of some LRN neurons
during adaptation to chronic stress exposure. Con-
sidering that the vasomotor center is located in the
ventrolateral nuclei of the reticular formation of the
medulla oblongata [8,9,12], the ultrastructural
changes detected in LRN neurons of prepubertal rat
can promote the formation of arterial hypertension
in long-term stress.

Thus, the detected ultrastructural changes can
be regarded as a manifestation of great morpholo-
gical variability of the reticular formation neurons
during the formation of long-term adaptation of the
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Fig. 1. Ultrastructural changes in LRN of the medulla oblongata in rats exposed to MPS. a) neuronal perikaryon with sharply dilated
rough endoplasmic reticulum cisterns on day 15 of MPS (×10,000); b) neuropile with axoplasm vacuolation, focal loosening of myelin on
day 30 of MPS (×10,000).
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prepubertal CNS. Characteristic features of this stage
of common adaptation syndrome are augmentation
of the ultrastructural signs of reversible injuries,
exhaustion of the intracellular reserves in the peri-
karyons of predominantly small and medium-sized
LRN neurons in the presence of more or less intact
ultrastructural elements in the majority of large neu-
rons. These ultrastructural differences can lead to
changes in functional activity of LRN neurons and,
presumably, reflect disordered histogenesis of the
reticular formation nuclei in the postnatal ontoge-
ny during long-term stress exposure.
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