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INTRODUCTION

The changes in the size of neurones, brought about by their functional activity,
naturally attract the attention of neurohistologists. Establishment of modifications
in nuclear and cytoplasmic dimensions because of a neurone’s activation would give
a reliable morphological correlate of the increased neuronal activity. Using it, the
neurohistologist may determine the spatial distribution of the active neuronal
ensembles responsible for carrying out some complex brain functions.

Is the increase of the neuronal activity always accompanied by changes of
nuclear and cytoplasmic dimensions of the neurones involved? If so, what is the di-
rection of the changes? The answers to these questions were given as early as the end
of last century, when the general scheme of functionally determined changes in the
size of nerve cells was propounded?4. According to this scheme the dimensions of a
neurone’s nucleus and soma are increased with excitation, and decreased with ‘fatigue’
and ‘exhaustion’ caused by prolonged and intensive stimulation. This scheme was
used for the interpretation of many experimental results, obtained later, but the
analysis of the data existing in the literature undermines its validity.

Firstly, several authors!.3.6,15,27,28,30,33,38 were unable to record any changes
of neuronal size with activity. A great number of investigations, though, have shown
modifications of the dimensions of a neurone’s nucleus and soma with increased
functional activity, but there is no agreement on the direction of these changes. Some
workers found an increase in neuronal volume as a result of their stimulation?.4.8.911,
12,14,20,21,26,37,39,40,42 Qthers, on the contrary, showed a decrease in the nuclear and
somal sizes of the neurone with its activity®13,17,19,22,23,32,34,35  Finally, some
reports?.10,25,29,31,41 described first an increase and then a decrease of the nuclear
and somal dimensions in an active neurone.

Such a discrepancy of results obtained by different investigators prevents a clear
conclusion about trends in the functionally determined changes of the dimensions
of nerve cells. It might be thought that these contradictions were explained by the
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use of various means of stimulating the neurones, and with the investigations of
different structures of the nervous system on different experimental subjects. But
conflicting results were achieved even in similar experiments conducted on the same
species. For example, Vast! and Mann3! found an increase in the nuclear and somal
dimensions in the cells of the rabbit’s superior cervical sympathetic ganglion after
15-min electrical stimulation, whereas Lambert28 chould not detect such changes.
Guerrini!® showed that the nerve cells of the cerebral cortex and anterior horn of the
spinal cord of pigeons decreased their dimensions after prolonged flight. But measure-
ments made by Kocher?? failed to demonstrate any changes.

The results described seemingly pointed to faulty methodology as a main
reason for the heterogeneity of the results obtained by different authors. Hence, in
the present investigation we aimed: (1) to work out an adequate method to study the
functionally evoked changes of neuronal dimensions, and (2) to try to determine
with the help of this method what are the changes, if any, in the neurone’s nuclear
and cytoplasmic volumes in the course of an increase of its functional activity.

MATERIAL AND METHODS

Big motoneurones were measured in the anterior horn (layer IX by Rexed?36)
of the 5-6th lumbar segments of the spinal cord of adult male albino rats, weighing
200-240 g. Eleven groups of control and 10 groups of experimental animals (one
group for each period of stimulation) were used, each group consisting of 5 animals.

Spinal motoneurones were stimulated either by intensifying the natural motor
activity or by giving electrical shocks to dorsal roots. In experiments with natural
activation of motoneurones the rats were made to swim in water warmed to 33-35°C.
These experiments included two series. In the ‘A’ series the rats swam with an at-
tached load of 1/33 of their body weight. In the ‘B’ series the load was 3 times in-
creased. The mean duration of swimming before the period of diving was 375 4 55 min
for the A, and 50 4 7 min for the B series. These values were obtained for 20 rats in
each series. Experimental animals were decapitated 5, 10, 20 and 40 min after begin-
ning the swimming. The control rats were handled but did not have to swim at all.
In experiments with orthodromic stimulation of the motoneurones the rat’s spinal
cord was preliminarily fully transected at the level of C;—Cz. On the next day ventral
and dorsal roots were cut bilaterally from L4 to S;. After 30 min the left dorsal roots
of the Ls-L¢ segments were stimulated by rectangular pulses of current with a du-
ration of 2 msec and a potential of 1 mV. The rate of the stimulation was 1imp./sec
and the intensity was supramaximal for evoking the combined mono- and polysynaptic
reflex, which ensured the involvement of the majority of the motoneurones. The exper-
imental rats were decapitated 10 and 40 min after the beginning of the stimulation.
The control rats were treated exactly as the experimental ones, except for the stim-
ulation.

The lumbar enlargements of the spinal cord were immersed for fixation in
Carnoy’s solution not later than 3 min after decapitation and kept there for 15 min at
room temperature. This fixative was chosen as, according to Friede!$, it enables one to
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Fig. 1. Microphotograph of a spinal motoneurone taken in UV irradiation at 265 nm wavelength.
Ellipses inscribed into the cell body or nucleus outlines are shown by a broken line. The ‘a’ and ‘D’
lines are major and minor axes of the ellipses. x 1500.

record only vital changes of the cell volume and prevent artifacts of alterations post-
mortem. After dehydration in alcohols of increasing concentrations (70, 96 and 100 %,
ethanol for 30 min at room temperature) and extraction of lipids with chloroform
(two changes for 30 min each at room temperature) the tissue was embedded in paraf-
fin. The series of transverse sections of the spinal cord were made with a microtome
adjustment to 5 um. The sections were placed on quartz slides, and after removal of
the paraffin, were mounted in glycerol under quartz coverslips. The sections were
photographed under the ultraviolet microscope MUV-6 at 265 nm, using a quartz
objective 50 X and quartz ocular 3 x. On the 2300 times enlarged cell negative
projections the ellipse was inscribed into the outlines of the cell body or nucleus.
The largest (a) and, perpendicular to it, the smallest (b) axes of the ellipse were then
measured (Fig. 1). The volume (V) was calculated from these linear dimensions
according to the following formulae, deduced from an optical reconstruction:

alb
Veen pody = 1/6 mab ———; Vyyereus = 1/6 7 ab?;
3

chtoplasm - Veell body — Vnucleus
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TABLE 1
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SPINAL MOTONEURONAL NUCLEAR AND CYTOPLASMIC VOLUMES FOR DIFFERENT GROUPS OF CONTROL RATS

Group Number of Mean volume and standard error of the mean

neurones (cu. pm)

measured

Nucleus Cytoplasm

1 151 2329 4 44 23969 + 591
2 155 2114 443 20213 4+ 554
3 150 1948 -+ 40 17474 4 499
4 153 1876 + 42 16763 + 444
5 161 1854 + 35 16535 4- 444
6 152 1678 + 34 15650 + 445
7 150 1664 + 35 15500 + 408
8 153 1643 + 30 15285 + 386
9 156 1605 + 30 14475 + 405
Greatest difference 45.1% 65.6%
Level of significance P19 < 0.001 P19 < 0.001

TABLE II

CYTOPLASMIC VOLUME, CYTOPLASMIC RNA CONCENTRATION AND CONTENT IN SPINAL MOTONEURONES
FOR DIFFERENT GROUPS OF CONTROL RATS

Group Number of Mean values and standard errors of the mean

neurones

studied Cytoplasmic RNA concentration RNA content

volume (cu. um) (pglcu. pm) (pg)

1 151 23969 + 591 0.0248 + 0.0008 587 + 19
2 155 20213 + 554 0.0286 + 0.0005 576 + 16
3 150 17474 + 499 0.0352 4 0.0008 596 + 18
4 153 16763 4- 444 0.0362 4 0.0010 582 + 18
9 156 14475 + 405 0.0418 4- 0.0009 584 + 18
Greatest difference 65.6% 68.6% 3.5%
Level of significance P19 < 0.001 Py < 0.001 Py 3> 04

Measurements were taken only of motoneurones with the nucleolus in the plane
of the section. The tissue shrinkage correction was not introduced into the cal-

culations.

The numerical results obtained were treated statistically with the help of
Student’s ¢ test, the empirical distributions being found not significantly different

from normal.

RESULTS

In the course of investigations we observed that different groups of control
rats varied widely in the nuclear and cytoplasmic volumes of their motoneurones
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(Table I). The amplitude of the control parameter variation was so great that it might
obscure the expected differences between control and experimental values. One of the
possible reasons for such a wide scatter could be the error of measurement. But the
random error of the measurements, expressed as the variation coefficient of 20 in-
dependent determinations of the same cell structure volume, did not exceed 4 5%
either for the nucleus or for the cytoplasm of motoneurones.

The real reason for the divergence in mean nerve cell size among different
groups of control rats emerged when the animals were studied for the RNA con-
centration and content in the cytoplasm of spinal motoneurones with the help of a
photographic modification of ultraviolet cytospectrophotometry (the details of the
photometric procedure will be published elsewherel8). As may be seen from Table II,
the differences in motoneuronal cytoplasmic volume between control groups were
accompanied by rather pronounced variations in cytoplasmic RNA concentration.
In spite of that the RNA content of motoneuronal cytoplasm was practically the
same for all groups of control animals. The observed stability of the cytoplasmic RNA
content was connected with the reciprocal relation between cytoplasmic volume and
its RNA concentration: the lower the average motoneuronal cytoplasmic volume
of a certain group of rats, the higher the mean concentration of cytoplasmic RNA.
Evidently, the degree of shrinkage of nerve cells under histological treatment was
different for different groups of control rats. This is easily explained by the fact that
the spinal cord preparations of various control groups were made in different seasons
of the years 1962-1967. So the conditions of fixation, dehydration and lipid extraction
were not identical. The main role, apparently, was played by the differences in room
temperature as well as by the quality of the reagents.

The necessity for identical histological treatment of nervous tissue for obtaining
comparable results in the study of neuronal size changes was emphatically displayed
during special investigations of two groups of control male rats, in matched pairs
of equal body weight. In the making of histological preparations one animal of a pair
was allotted to group 10, the other to group 11. The lumbar enlargements of the rats
making a pair were fixed, dehydrated together and embedded in the same paraffin
block, from which sections of the spinal cords of both animals were made simul-
taneously. Thirty motoneurones from each animal were measured, and each group
consisted of 5 rats. Comparison of these two groups of control animals showed that
the mean values of their motoneuronal nuclear and cytoplasmic volumes were
practically the same (Table I1I). The distribution histograms of the volume values were
also similar, as proved by absence of significant differences by y2 criterion. Incidentally,
the concentration of cytoplasmic RNA was also practically identical in these two
control groups (Table III).

So the comparison itself of control and experimental groups of rats was con-
ducted using the above-mentioned methodological precautions. Control and experi-
mental rats were matched by sex, age and body weight. Histological treatment of the
control and experimental preparations was conducted simultaneously, then 30
motoneurones were measured for each rat, and each group consisted of 5 animals.
These methodological conditions guaranteed that biological and individual variability
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effects, as well as measurement errors, being small and not statistically significant
for the groups of control animals under comparison, would not obscure the experi-
mental results,

The study of the changes in the spinal motoneuronal nuclear volume with the
increase of their functional activity showed (Table IV) that comparatively mild motor
activity (swimming, series A) led to an increase in nuclear size during the earlier
period of stimulation (5 min). With continued swimming the values gradually re-
turned to normal, and 40 min after the beginning of the experiments the motoneuronal
nuclear volume of experimental animals did not differ from the control values. Severe
motor activity (swimming, series B) and orthodromic electrical stimulation evoked
similar changes in the motoneuronal nuclear dimensions, In the beginning of the
stimulation no significant changes were found, but with the longest duration of the
activation (40 min) the nuclear volume significantly decreased.

The measurements of the cytoplasmic volume revealed (Table IV) that, in
experiments with swimming, series A, statistically significant changes were obtained
only 40 min after the beginning of motor activity and consisted in a decrease in
comparison with the control. Similar changes were recorded with the swimming,
series B, and more intensive motor activity in this series was accompanied by a more
pronounced decrease of motoneuronal cytoplasmic volume. Orthodromic electrical
stimulation of 10 min duration resulted in an increase of cytoplasmic volume, which
was replaced by a decrease 40 min after the beginning of the stimulation.

DISCUSSION

The observations reported here are of a certain interest because they help us to
understand the reasons for contradictory results obtained by different authors, who
investigated functionally produced neuronal size changes. Relative changes of the
nuclear and cytoplasmic volumes, evoked by experimental conditions, could be de-
tected with enough reliability only by strictly following certain methodological
precautions. The main precautions were: (1) control and experimental animals must
not differ in sex, age and body weight; (2) histological treatment of control and
experimental material must be conducted simultaneously; (3) sufficient neurones
from each animal, as well as enough animals in the control and experimental groups,
must be studied to lessen the effect of biological and individual variability and
measurement errors on the final results. Unfortunately, the formulated conditions
were not kept in mind by many investigators interested in the problem. This may
be one of the reasons for the divergence of results reported by various authors. But
analysis of the results presented in this paper reveal another cause of the contra-
dictoriness.

The consideration of our experimental data demonstrates the dependence of
neuronal size changes on the duration, intensity and character of stimulation (Table
IV, Fig. 1). The duration of the functioning determined the direction of the neuronal
size changes. Relatively short stimulation brought about an increase in the volume of
the nucleus (swimming, series A) and of the cytoplasm (orthodromic stimulation) in
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Fig. 2. Changes in motoneuronal nuclear (1) and somal (2) size, during swimming, of ‘A’ series
(unbroken line), ‘B’ series (broken line) and orthodromic stimulation (dotted line). On the ordinate
are shown deviations of mean dimensional level in percentage of the control. On the abscissa is
plotted the duration of the experiments in minutes. The statistically significant shifts are indicated
with circles.

motoneurones. Prolongation of the stimulation resulted in a decrease of the moto-
neuronal nuclear and cytoplasmic dimensions. The intensity of the stimulation in-
fluenced the extent of the changes. With the same duration of swimming (40 min)
the motoneuronal cytoplasmic volume depended on the intensity of motor activity:
in series A the cytoplasmic size decreased by 7.3 %, and with 3 times enhancement of
the load (series B), it decreased 23.8%. The stimulation character influenced the
pattern of neuronal volume changes. Artificial activation of spinal motoneurones by
electrical orthodromic stimulation led first to an increase (10 min) and then to a
decrease (40 min) of the cytoplasmic volume of these nerve cells. On the other hand,
the natural activation of spinal motoneurones by swimming evoked no significant
changes in the earlier period of the stimulation.

So, duration, intensity and character of the stimulation determine the direction,
extent and general pattern of the neuronal volume changes. This makes evident
another reason for the ambiguity of the data reported by different investigators
concerned with functionally evoked changes in the volume of nerve cells. As most
of the authors employed, as a rule, only one means of neuronal activation, often
without varying either duration or intensity of the stimulation, they happened to
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witness sometimes an increase, sometimes a decrease of the neuronal volume, some-
times even an alternation of these changes.

In the present study the effects of the stimulation are compared by their duration,
intensity and character, which made it possible to detect a certain tendency in the
spinal motoneuronal volume changes with an increase of their functional activity.
This trend is the progressive decrease of nuclear and cytoplasmic volumes with in-
crease in duration and intensity of a single applied functional load. Therefore it may
be supposed that the decrease of the motoneuronal nuclear and cytoplasmic volumes
may be considered a morphological correlate of their increased functional activity.
Further investigations will show how general is this morphological correlate of an
active state of nerve cells, i.e., whether it also characterizes the neurones of other
structures of the nervous system and other ways of stimulation.

SUMMARY

Effects of increased functional activity of spinal motoneurones were studied
morphologically on rats in experiments with swimming under different loads and with
orthodromic electrical stimulation of 5-40 min duration. The volume of lumbar
motoneurones was calculated from major and minor axes of ellipses inscribed into
cell body or nuclear outlines on cells’ negative projections. Formulae for volume
calculations were derived from an optical reconstruction.

Both mild and intensive natural motor activity, as well as orthodromic stim-
ulation, resulted in a decrease of the motoneuronal cytoplasmic volume in the
longest duration (40 min) of the experiments. The changes of cytoplasmic dimensions
were accompanied by a decrease of the nuclear volume after 40 min intensive swimming
and orthodromic stimulation. The increase of motoneuronal size was registered only
in earlier periods of activation: 5 min after the beginning of mild swimming for the
nucleus, and 10 min after the beginning of orthodromic stimulation for motoneuronal
cytoplasm. Thus the motoneuronal size changes depended on the duration, intensity
and character of the stimulation. The results obtained make it seem that the decrease
of the spinal motoneuronal nuclear and cytoplasmic volume might be considered a
morphological correlate of their increased functional activity.

ACKNOWLEDGEMENT

The authors express their gratitude to Dr. M. V. Djakonova for conducting
the physiological experiments with electrical stimulation.

REFERENCES

1 AGDUHR, E., Studien iiber die postembryonale Entwicklung der Neuronen und die Verteilung
der Neuriten in den Wurzeln der Spinalnerven, J. Psychol. Neurol. (Lpz.), 25, 2 (1920) 463-626.

2 ANDREw, W., The effects of fatigue to muscular exercise on the Purkinje cells of the mouse with
special reference to the factor of age, Z. Zellforsch., 27 (1937) 534-554.

3 ATTARDI, G., Quantitative behaviour of cytoplasmic RNA in rat Purkinje cells following pro-
longed physiological stimulation, Exp. Cell Res., Suppl. 4 (1957) 25-53.

Brain Research, 26 (1971) 247-257



256 YU. YA. GEINISMANN et al.

4

5

6

o0

O

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24
25

26

27

28

29

30

BENNINGHOFF, A., Vermehrung und Vergrosserung von Nervenzellen bei Hypertrophie des
Innervationsgebietes, Z. Naturforsch., 6b (1951) 38-41.

BOrOVSKAJA, A. YA., Functional changes in the morphology of the neuron, Bjuleten VIEM
(Mosk.), 4 (1935) 11-14, (In Russian.)

Bropsky, V. YA., AREFJEVA, A. M., AND KuzNETSOVA, L. P., On the destructive phase in neurons’
regeneration (interferometrical and electrophysiological investigations), Tsytologia (Leningrad),
8 (1966) 662-664. (In Russian.)

Bropsky, V. Ya., AND MaANUKJAN, L. A., The kinetics of quantitative RNA changes in the
Purkinje cells of the mouse cerebellum (a cytospectrophotometric study), Tsytologia (Leningrad),
11 (1969) 1528-1535. (In Russian.)

BRUMBERG, V. A., On the changes in the volume of spinal cord motor and sensory neurons and
glial cells attached to them under various states of locomotor activity, Dokl. Akad. Nauk S.S.S.R
(Otd. Biol.), 184 (1969) 1231-1234.

CHANCE, M. R. A, Lucas, A. J., AND WATERHOUSE, J. A. H., Changes in the dimensions of
nuclei of neurons with activity, Nature (Lond.), 177 (1956) 1081-1082.

DoLLey, D. H., The pathological cytology of surgical shock. IT. The numerical statement of the
upset of the nucleus—plasma relation in the Purkinje cells, J. med. Res., 22 (1910) 331-378.
DotLey, D. H., The morphology of the functional activity in the ganglion cells of the crayfish,
Cambarus virilis. The numerical statement of the nucleus-plasma norm and of its upset in pro-
longed activity, Arch. Zellforsch., 9 (1913) 485-551.

DyakoNova, T. L., VEPRINTSEV, B. N., CHaras, A. F., aAND BroDskY, V. Ya., Induction of
RNA synthesis in nerve cell by electric activity, Biofizika, 10 (1965) 826-831. (In Russian.)
DvE, J. A., Cell changes in the central nervous system under various natural and experimental
conditions. 11I. Functional activity, Quart. J. exp. Physiol., 17 (1927) 107-117.

EDpsTROM, J.-E., Effects of increased motor activity on the dimensions and the staining properties
of the neuron soma, J. comp. Neurol., 107 (1957) 295-304.

Eve, F. C., Sympathetic nerve cells and their basophil constituent in prolonged activity and
repose, J. Physiol. (Lond.), 20 (1896) 334-353.

FrieDg, R. L., Interpretation of hyperchromic nerve cells. Relative significance of the type of
fixative used, of the osmolarity of the cytoplasm and the surrounding fluid in the production of
cell shrinkage, J. comp. Neurol., 121 (1963) 137-146.

GEINISMANN, YU. YA., The data for the analysis of the functionally determined changes in the
nerve cells soma and nucleus dimensions, Tsytologia (Leningrad), 8 (1966) 348-358. (In Russian.)
GEINISMANN, YU. YA., Nucleic acids content in spinal motoneurons and their satellites under
orthodromic and antidromic stimulation. A cytospectrophotometrical study, Brain Research,
28 (1971) in press.

GUEerrIN, G., De 'action de la fatigue sur la structure des cellules nerveuses de I'écorce, Arch.
ital. Biol., 32 (1899) 62-65.

Hamarriu, S. H., On the changes in the volume of the sensory and motor neuron’s soma at
various states of the nervous system, Tsytologia ( Leningrad), 9 (1967) 644-651. (In Russian.)
HocHBERG, 1., On the ultraviolet absorption and the structure of motor anterior horn cells in the
spinal cord from exhausted rabbits, Acta path. microbiol. scand., 42 (1958) 289-301.

Hobce, C. F., A microscopical study of changes due to functional activity in nerve cells, J.
Morph., 7 (1892) 95-168.

Hobgg, C. F., A microscopical study of the nerve cell during electrical stimulation, J. Morph., 9
(1894) 449-463.

HoLMGREN, E., Studien in der feineren Anatomie der Nervenzellen, Anat. Hefte, 15 (1900) 1-89.
IncersoLL, E. H., The effect of stimulation upon the coeliac ganglion cells of the albino rat,
J. comp. Neurol., 59 (1934) 267-284.

KLosovsky, B. N., AND KosMARskAJA, E. N., Active and Inhibited States of the Brain, Medgiz,
Moscow, 1961, 411 pp. (In Russian.)

KocHer, R. A., The effect of activity on the histological structure of nerve cells, J. comp. Neurol.,
26 (1916) 341-357.

Lameert, M., Note sur les modifications produites par I’excitation électrique dans les cellules
nerveuses des ganglions sympatiques, C.R. Soc. Biol. (Paris), 5 (1893) 879-881.

Lucaro, E., Sur les modifications des cellules nerveuses dans les divers états fonctionnels, Arch.
ital. Biol., 24 (1895) 258-285.

LUXENBURG, J., Uber morphologische Veranderungen der Vorderhornzellen des Riickenmarkes
wihrend der Thitigkeit, Neurol. Cbl., 18 (1899) 629-641,

Brain Research, 26 (1971) 247-257



CHANGES IN NEURONE SIZE UNDER ACTIVITY 257

31

32

33

34

35

36

37

38

39

40

41

42

ManNN, G., Histological changes induced in sympathetic, motor, and sensory nerve cells by
functional activity, J. Anat. (Paris), 29 (1894) 100-108.

NissL, F., Die Beziehungen der Nervenzellsubstanzen zu den thitigen, ruhenden und ermiideten
Zellzustanden, Allg. Z. Psychiat., 52 (1896) 1147-1154.

PEVZNER, L. Z., KovAL, V. A., AND KUTCHIN, A. A., The cytospectrophotometrical and inter-
ferometrical study of sympathetic ganglion cells during rest and excitation, Tsytologia ( Leningrad),
6 (1964) 216-219. (In Russian.)

Pick, F., Uber morphologische Differenzen zwischen ruhenden und erregten Ganglienzellen,
Dtsch. med. Wschr., 24 (1898) 341-342.

PUGNAT, CH.-AM., Sur les modifications histologiques des cellules nerveuses dans I'état de fatigue,
C.R. Acad. Sci. (Paris), 125 (1897) 736-738.

REexeD, B., The cytoarchitectonic organization of the spinal cord in the cat, J. comp. Neurol.,
96 (1952) 415-495.

ROHEN, J., AND MRODZINSKY, K., Kerngrisseniinderungen in der Netzhaut nach Belichtung, Vol. 23,
Biicherei des Augenarztes, Stuttgart, 1955, pp. 36-44.

SADOVNIKOV, M. M., On the correlation between the nucleus size and the physiological state
of the nerve cell, Arch. anat. (Leningrad), 19 (1938) 446-455. (In Russian.)

Scuitkov, K. G., Changes in motor cells of spinal cord after unilateral limb amputation, Archiv
pat. (Mosk.), 21 (1959) 29-34. (In Russian).

TumaNov, V. P., AND KriviTskATA, G. N., Morphological changes of cerebral cortex neurons
in trained and untrained animals under the physical load, Bjul. eksp. biol. ( Mosk.), 63 (1967)
107-109. (In Russian.)

Vas, F., Studien iiber den Bau des Chromatins in der sympathischen Ganglienzelle, Arch. mikr.
Anat., 40 (1892) 375-389.

ZAGUSKIN, S. L., Functional dynamics of the Nissl substance in the crayfish receptor neuron,
Tsytologia (Leningrad), 6 (1964) 741-743. (In Russian.)

Brain Research, 26 (1971) 247-257



