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Changes in the interneuronal contacts and recombinant changes in the synapse architec- 
tonics play an important role in its plasticity. Along with the reorganization of the synapse 
architectonics, these changes are attended by an increase or decrease in the number of 
interneuronal contacts. 
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The plasticity of synapse architectonics (SA) is a key 
aspect of the organization of interneuronal connec- 
tions. D. S. Sarkisov [8] considers that there are two 
ways in which structural and functional changes oc- 
cur in organs and tissues. One is the accumulation 
or depletion of certain elements in a system, leading 
to new qualitative differences, and the other is the 
appearance of a new quality in a system that is at- 
tained not by an increase or decrease in the number 
of its components, but solely by their reorganization 
and recombinant transformations. 

We have been studying the ultrastructure of syn- 
apses, their development, pathology, organization, and 
relationships with the cytoarchitectonics and structure 
of neurons in the cerebral cortex for many years in our 
laboratory and have come to the conclusion, based on 
our findings and published data, that SA of the cere- 
bral cortex is not a stable fixed structure, but a dy- 
namic system in which changes occur constantly: so- 
me interneuronal contacts disappear, while new ones 
are being formed all the time [2-4]. 

The plasticity of interneuronal connections in the 
cerebral cortex has been demonstrated in many stud- 
ies [10,12]. 
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Changes of SA are associated with an increase or 
decrease of the number of interneuronal contacts or 
predominantly with reorganization of the interneuronal 
connections with no change in their total quantity. 

The mechanisms of plasticity of individual inter- 
neuronal contacts include alterations of the shape of 
membranes coming in contact with each other (tran- 
sition of positive and negative synapses to flat, etc.), 
changes of the area of the active zone of a synapse, 
of the number of active zones between a presynap- 
tic process and a postsynaptic process, and the for- 
mation of perforated synapses. The most significant 
of these features are changes in the size and num- 
ber of active zones between the axon and dendrite 
making contact with one another. 

Synapses of different localization usually have 
active zones different in size. For example, small bran- 
ches of axons and dendrites have contacts which are 
smaller than the synapses on the large branches of 
dendrites; axodendritic synapses have, as a rule, lar- 
ger active zones than axosomatic synapses. Synapses 
formed by axons "alongside" (or tangentially), usually 
have active zones of short length in transverse sec- 
tions, whereas the terminal contacts are formed by a 
widening of the axon and have large active zones. We 
should emphasize that, within the framework of these 
general regularities, the number of synapses with "po- 
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int" active zones increases as the functional activity of 
the active zones is enhanced. Such a phenomenon 
was observed, for example, in the visual system dur- 
ing light stimulation. An opposite picture was observed 
during light deprivation. 

Dynamic changes of the cerebrocortical SA dur- 
ing functional loading were demonstrated both in our 
experiments and in experiments performed by many 
other scientists. During long physiologically equivalent 
loading or systematic training the number of synapses 
(primarily axodendritic) somewhat increases. This was 
demonstrated in experiments with photostimulation in 
the visual cortex and with motor training in the sen- 
sorimotor cortex. However, the number of synapses in 
the brain cortex can increase only by 2 to 10%, that 
is, comparatively little. 

It should be stressed that an increase or decrease 
in the number of synapses during functional loading or 
functional deprivation has usually been studied during 
very intensive and prolonged exposures. During func- 
tional adaptation under conditions of everyday behav- 
ioral reactions the reorganization of SA takes place 
with no changes to the total number of contacts and 
structural organization of the afferent-efferent relation- 
ships. An important factor is that the dynamic changes 
in the interneuronal connections take place within a 
stable carcass of cytoarchitectonics and neuronal or- 
ganization. Some interneuronal connections may chan- 
ge under functional influences, thus performing adap- 
tive functions. 

Recombinant changes of SA do not rule out an 
increase or decrease in the number of synapses as 
mechanisms of adaptation during intensive functional 
loading or overloading or as a compensation for dys- 
functions during pathology. 

Kupriyanov [6] theorizes that where man is con- 
cerned, an increase of the information flow called for 
an increase of the intracentral connections and the 
appearance of new associative formations. The num- 
ber of interneuronal connections changes markedly 
during compensatory processes [1]. 

On the other hand, a large portion of synapses 
in the central nervous system remain stable, provid- 
ing one of the structural foundations of homeostasis. 

SA changes also develop during the formation of 
pathological systems [5]. An example is the formation 
of new misconnections in the brain cortex during chro- 
nic morphine intoxication, which we demonstrated ex- 
perimentally. We hypothesized that this pathological 
neoformation of synapses leads to changes of SA of 
the brain cortex in general, interferes with the associa- 
tive function, and serves as the structural basis for the 
formation of a physical dependence on the narcotic [7]. 
The formation of new synapses in such a case is in- 
terrelated with the growth of fine ramifications of axons 

and dendrites, that is, not only is the composition of 
synapses altered, but the neuropil structure as well. 
Our studies of the synaptic neoformations showed that 
the number of synapses with "point" and small active 
zones was most notably increased. A stable reliable 
increase in the number of interneuronal connections is 
the morphological basis of the full-blown stage of mor- 
phine narcomania, coinciding with the development of 
physical dependence. The time course of SA changes 
to a certain degree corresponds to the clinical stages 
of narcomania. 

S. A. Sarkisov [9] demonstrated the plasticity of 
the structure of cerebrocortical neurons, showing how 
reversible changes occur in the spines and small den- 
drite branches during different experimental interven- 
tions. Changes in the spines are related to changes of 
the synapses situated on them. Our findings indicate 
that, on the one hand, the spines are the most vulner- 
able structures of dendrites and, on the other, in some 
situations they are extremely stable in comparison with 
the ultrastructure of dendrites. Further studies of the 
ultrastructure of the spines and their role in the SA of 
the brain cortex will disclose more and more about the 
role they play in the structural and functional organi- 
zation of the cortex, as our findings and recent pub- 
lished reports [1 1] attest. 

The focus on spines and the changes thereof is 
not accidental, since numerous synapses are local- 
ized on them and in some cases the synapses on 
the spines form a kind of synaptic sleeve around the 
dendrite. It is the spines that most readily change 
their size, shape, ratio between neck and head, con- 
figuration of the synaptic contact, etc. In other words, 
the spines and synapses on them represent one of 
the most plastic components of SA. 

Hence, we may conclude that the plasticity of SA 
is fashioned from the plasticity of individual interneu- 
ronal contacts, recombinant changes of interneuronal 
connections, and, finally, reorganization of SA with an 
increase or decrease in the number of contacts. The 
bulk of the synapses formed under the influence of 
genetic factors and in the course of individual devel- 
opment determine the stability of the structural and 
functional organization of the brain cortex. 
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Morphofunctional examinations of the lungs of rats exposed to high-altitude conditions for 
3 to 300 days revealed that systolic pulmonary hypertension observed during the entire 
period of study is caused by a total increase of the elastic resistance of pulmonary arter- 
ies. Adequate bloodflow in such a case is provided by intensive work of the right-ventricu- 
lar myocardium against this resistance. 
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High-altitude hypoxia is regularly associated with rise 
of pressure in the pulmonary artery [4]. Usually hyper- 
tension in the pulmonary circulation is diagnosed from 
a rise of the mean pressure, and the actual process 
of pressure change is modeled on the basis of Poi- 
seuille's model of the circulation, according to which a 
pressure rise in this vascular bed with the bloodflow 
decreased or intact means an increase of the pulmo- 
nary peripheral resistance (PPR). However, structural 
changes in the pulmonary network of vessels are di- 
verse and cannot be interpreted unequivocally solely 
as an increase of PPR. 

Therefore, the purpose of our study was to ana- 
lyze the pulmonary hemodynamics under high-altitude 
conditions on the basis of natural pressure values in 
the pulmonary artery together with other hemodynamic 
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parameters and data on the structural changes devel- 
oping in the lungs during the exposure of animals to a 
mountain environment. 

MATERIALS AND METHODS 

Experiments were carried out in summer with male 
Wistar rats brought to an altitude of 3200 m above 
sea level beforehand and kept at room temperature 
on the standard diet. Animals kept under the same 
conditions on the plain were controls. 

The pressure was measured and pulmonary blo- 
odflow, blood filling, and air content in the lungs per 
unit volume of the organ were assessed by cathe- 
terization of a lung artery through the jugular vein and 
transbronchial electroplethysmography. The parame- 
ters were recorded using a Siemens-Elema Mingograf- 
34 ink-jet recorder. The methods of investigation were 
described in detail previously [3]. The animals were 
exposed to the mountain altitude for 3, 10, 20, 30, 60, 
150, and 300 days. After the experiments the lungs 
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