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In a previous article [11] it was shown that in rabbits specialized movements such as cleaning, scratching, 
licking, and shaking change with age quantitatively and qualitatively; movements of one type are replaced by those 
of another, and there is a re-organizat ion of their co-ordination. 

Guided by the viewpoint of L.A. Orveli [9] who held that re-organization of co-ordination at the highest stages 
of development is cortical, and related also to the cerebellum,we decided to determine how the development of 
specialized movements takes place in the absence of a cerebellum. 

The functional relationships between the cerebellum and the cerebral cortex has been frequently investigated 
[1, 2, 6, 7, 10, 17, 18, 20-23], but the part played by the cerebellum in conjunction with the cerebral cortex during 
such co-ordination has received little attention. Neither has this aspect received any attention in studies on the de-  
velopment of cerebellar function [1, 3, 13, 16, 19]. 

E X P E R I M E N T A L  M E T H O D  

The cerebellum was removed from rabbits aged 4-7 days. The animals were used for the experiment 1-2 days 
after the operation. 

In the I set of experiments we studied specialized movements developing spontaneously (without stimulation 
by the experimental), and in the II set we studied specialized movements produced in response to cutaneous stimu- 
lation. 

The development of spontaneous specialized movements was observed in 29 rabbits from which the cerebellum 
had been extirpated. As subsequent dissection showed, in 15 of them the cerebellum had been completely or almost 
completely removed, while in 14 only a portion was missing, i.e., only the vermis or only the hemispheres, or a 
portion of the vermis and of the hemispheres. A control group consisted of 30 intact rabbits. 

E X P E R I M E N T A L  R E S U L T S  

In the first few days after the operation the decerebillate differed but little from the controls in respect of 
motor activity; both groups were unstable in movement,  swayed, crawled, and fell on one side. However the con-  
trois became daily more stable, whereas the decerebillate group became more unstable; they swayed more, whether 
crawling or walking they fell  almost the whole time, and later nystagmus occurred. 

In the partially decerebillate these disturbances gradually diminished, and cerebellar insufficiency was almost 
completely compensated. In rabbits from which the cerebellum had been completely extirpated there was no such 
compensation, and until the end of the period of observation, i.e., until the 30-50th day of life they remained seven 
ly affected. Thus in rabbits recovery of movements takes the form of organic compensation, as was shown by Lucia n 
[21]; however, there was very Little functional compensation. This shows that in the rabbits which we studied, cor-  
tical compensatory processes are inadequately developed [3, 7]. 
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Time of Appearance of Specia l ized  Spontaneous Movements in Rabbits 

Group of animals 

Control . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incomplete  cerebel lar  ext irpat ion . . . . . . . . . . .  
Comple te  cerebel lar  ext i rpat ion . . . . . . . . . . . .  

Mean age of rab-  
bits at t ime of 
appearance of 

movements  (in 
days) M ~ m 

7.3 ~0.35 
8.4 +0.57 
9.1 ~0.35 

Significance of 

the difference 
between the ex-  
per imenta l  and 

control  groups (P) 

m 

<0.01 
<0.001 
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Fig. 1. Change with age in the number of spec ia l -  

ized movements,  a) Spontaneous; b) Movements 

evoked by cutaneous st imulation.  O r d i n a t e - n u m -  
ber of movements  (on average in 1 rabbit  during 
the experiments);  1) Controlgroup;  2)Rabbitswith 
par t ia l  cerebel la r  ext irpat ion;  2) Rabbits with c o m -  
plete cerebel la r  ext irpat ion.  

In the operated animals spec ia l ized  movements  ap-  
peared later than in the controls, on average on the 8-9th 

day of life, instead of on the seventh (see table).  

The to ta l  number of spec ia l ized  movements  changed 
with age (Fig. la ) .  In the control  animals i t  increased rapid-  
ly, reaching a max imum by the 13th day, and then f e l l  In 
the par t ia l ly  decerebe l la te  group the number of movements  

increased more slowly, and reached less high values than in 
control  animals,  and the max imum occurred several  days 
later, on average on the 16th day. Reduction in the number 
of movements  also occurred later  than i t  did in the controls. 
In the total ly decerebe l la te  the max imum number of m o v e -  
ments was very s m a l l  Such a considerable reduction in their 

number can be explained partly as being due to a disturbance 
of motor function: i t  is very diff icult  to superimpose the spe-  
c ia l i zed  rabbit  movements  on a condit ion of severe instabil i ty 

with a staggering gai t  and frequent falls. But this effect  must 
not be attr ibuted to the later  appearance of specia l ized  move-  

ments or the later period at which they were developed m a x i -  
mal ly .  Evidently here we are concerned with a disturbance 
of relationships within the nervous system so grave as to lead 
to a delay in the development  of spec ia l ized  movements.  

The operated rabbits differed from the controls not only in the number of specia l ized  movements,  but also in 
their character  (Fig. 2). During the first days of the investigation in both the control  and operated groups, the chief  
movements  were scratching, and la ter  were replaced by l icking movements .  However in tota l ly  decerebe l la te  the 
changeover from scratching to l icking occurred much later  than in the control  group, on average by the 22nd day, 
instead of the 16th. At the same t ime  there was a considerable increase in the proportion of the shaking movements  
at  a l l  ages. In some rabbits the percentage of shaking movements  was so high as to exceed a l l  others. In rabbits 
from which only part of the ce rebe l lum had been removed the development  of specia l ized  movements  did not differ 

essential ly from what was found in the control  groups. 

Thus early removal  of the cerebe l lum leads to a slowing down in the development  of spontaneous speca i l ized  

movements,  and to a change in their nature. 

In the experiments  of group II we studied the specia l ized  reactions evoked by cutaneous st imulation.  The ex -  
periments were carr ied out on 17 young rabbits, from 6 of whom part of the cerebe l lum had been removed,  and in 
whom the disturbance of co-ordina t ion  of movements  had been compensated in the course of t ime; in 11 of them 
the ext i rpat ion had been more complete ,  and the disturbance of the movements  had not been compensated during 

the period of observation. 

The control  group consisted of 34 in tac t  rabbits. 

Cutaneous e l ec t r i ca l  s t imulat ion was appl ied always to the same part of the skin, the part most effect ive in 

e l ic i t ing  the scratching reflex [4]; it  was si tuated towards the back of the side of the neck. 
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Fig. 2. Change with age in the form of 
specia l ized  spontaneous movements ,  a) 
Control group; b) Comple te ly  dece rebe l -  
la te  rabbits. O rd ina t e -number  of m o v e -  
ments (percentage);  Absc i s s a - age  (in 
weeks), Type of movements;  1) Shaking; 
2) Licking; 3)Scra tching;  4) Cleaning.  
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Fig. 3. Change with age in the type of spe-  
c i a l i zed  movements  evoked by cutaneous 
st imulation,  a) Control group; b) Part ial ly 
decerebe l la te  rabbit; c) Comple te ly  de -  
cereb i l la te  rabbits; Remaining indica t iom 
as in Fig. 2. 

In the operated rabbits as wel l  as in the control  group specia l ized  

responses to s t imulat ion were observed even from the first day of ob-  

servation, i .e. ,  from the 5-6th day of l ife onwards. The change in the 

number of reactions occurred differently in the operated and i n t h e c o n -  
trol groups (Fig. lb) .  In the control  group the number of reactions rose 
rapidly,  reaching a max imum by the end of the second week of life, 
then gradually regressing. In the operated rabbits the number increased 
more slowly, and did not reach a max imum before the 5-6th Week, i .e. ,  
at a t ime when there was very l i t t le  react ion in the control  group. As 
a result, by the 4, 5, and the 6th week the number of ref lexed m o v e -  
ments in the decrebe l la te  rabbits was considerably higher than i t  was 
in the control  group of the same age, and i t  was even greater  than at  
the period of the maximum in the control  group. 

With the except ion of the washing reflex, which was almost  en -  
t i rely absent, the spec ia l ized  reflexes were observed in the operated 

and control  groups during the whole period of the investigation; i t  was 
only the relat ionship between them that changed with age (Fig. 3). In 
the very first experiments s t imulat ion of the posteriod la te ra l  portion 
of the surface of the neck e l i c i t ed  almost exclusively scratching m o v e -  
ments both in the decerebe l la te  and control  groups. At the end of the 

first week l icking and shaking reactions occurred. Then i n t h e  control  
group (Fig. 3a) the scratching reflex gradually gave way to a shaking 
response, and by the end of the 3rd week, s t imulat ion of the same r e -  
ceptor zone caused mainly  shaking movements  only. In rabbits l ack -  
ing only part of the cerebe l lum (Fig. 3b) a reduction in the re la t ive  

number of scratching movements  and an increase in the number of shak- 
ing responses occurred more slowly than it did in the control  group. The 
number of shaking reactions did not approach the number of scratching 
responses unti l  the end of the 6th week. In comple te ly  decerebe l la te  
rabbits (Fig. 3b) the preservation of the scratching responses unti l  a late  
age was shown st i l l  more strongly; scratching remained the principle 
form of respome during the whole of the period of observation, and 
rep lacement  of one kind of response by another did not occur. 

No appreciable  differences between the operated and control  
groups were observed with respect  to the l icking reflex. 

Thus as a result of cerebel la r  ext i rpat ion the number of spec ia l -  

ized reactions increased more slowly, and after three weeks of life, in-  
stead of a reduction in the number of reactions there was a further in -  
crease. Also, for a long t ime a high percentage of scratching m o v e -  
ments was mainta ined.  

A similar  phenomenon - t h e  preservation of a large number of 
scratching reactions unti l  a late a g e - m a y ,  as has a l ready been pointed 
out [12], take p lace  occasional ly  in intact  rabbits, an effect  which is 
evident ly  due to an incomple te  expression of the subordinate re la t ion-  
ships within the centra l  nervous system. 

It is known [4] that in heal thy adult  rabbits i t  is very diff icult  to 

evoke specia l ized  movements  such as washing, scratching, licking, or 
shaking, but such movements  may  readi ly  be evoked from deee rebe l -  
late preparations. The same phenomenon was also observed in h e m i -  
decor t ica te  cats [15]. Reduction of oxygen tension [4], enuclea t ion  
[5], destruction of the labyrinths [14], ionizing radiat ion [8], or, in 
fact, any  influence which weakens the cerebra l  cortex wil l  lead to the 
appearance of specia l ized  reflexes in adult  animals.  
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We may suppose that in our experiments also, the long preservation of a large number of specialized move-  
ments in decerebellate rabbits indicates a weakening of the function of the cerebral cortex, which without the as- 
sistance of the cerebellum cannot cope with the problem of suppressing specialized movements. Evidence of corti- 
cal  weakening is shown by the preservation of the scratching reflex as the preponderant form of response in the op- 
erated animals. Normally the cortex suppresses the scratching reflex earlier than other specialized reflexes; in de- 
cerebellate animals there was interference with the suppression of the scratching reflex. 

The results we have reported indicate that cerebellar activity is one of the factors exerting an influence on 
the reorganization of the co-ordinated relationships in the growing organism. For a more complete understanding 
of the mechanism of reorganization of co-ordination during development further studies will be needed. 

SUMMARY 

Extirpation of the cerebellum from rabbits 4 to 7 days old led to marked changes in the development of the 
behavioural reflexes (cleaning, scratching, licking, and shaking). Evidently, in the absence of the cerebellum the 
cerebral cortex is ~ncapable of adequate reorganization of relations in the developing nervous system. 

L I T E R A T U R E  C I T E D  

1. A.M. Aleksanyan, On the functions of the cerebellum [in Russian], Moscow (1948). 
2. A.M. Aleksanyan and L. A. Firsov, Izv. AN SSSR, Seriya Biol., No. 5, (1949) p. 509. 
3. ~. Asratyan, Fiziol. zh. SSSP,, Vol. 19, No. 2, (1935) p. 438, 
4. A.A.  Volokhov, Features of the ontogenesis of nervous activity in the light of evolutionary knowledge. [in 

Russian], Moscow, Leningrad (1951). 
5. A.A.  Volokhov and G. A. Obraztsova, Fiziol. zh. SSSR, Vol. 37, No. 4, (1961) p. 453. 
6. L.S. Goncharova, Transactions of the physiology laboratory of the AN SSSR, Moscow, (1959) Vol. 1, p. 165. 
7. A . I .  Karamyan, The evolutionary function of the cerebellum and cerebral hemispheres [in Russian], Leningrad 

(1956). 
8. R.I.  Kruglikov, Transactions of the Institute of higher nervous activity of the AMN SSSR. Series pathophysio- 

logy, Moscow, (1962) Vol. 10, p. 38. 
9, K.I. Kunstman and L. A. Orbeli, Fiziol. zh. SSSP,, Vol. 15, No. 6, (1932). p. 549. 

10. N.N. Livshits, Transactions of the I. P. Pavlov Physiological Institute, Moscow, Leningrad, (1947) Vol. 2, p.11. 
11. D.B. Malakhovskay, Fiziol. zh. SSSP,, No. 7, (1961) p. 872. 
12. D.B. Malakhovskay, Byull. Eksper. Biol., No.9, (1963) p. 13. 
13. G.P .  Mushegyan, In book: Scientific transactions of Erevan University, (1943) Vol. 22, p.209. 
14. G.A.  Obraztsova, Transactions of the I. P. Pavlov Institute of physiology. AN SSSR, Leningrad, (1952) 

Vol. 1, p. 178. 
15. M.A.  Pankratov, Izv. nauchn, in-ta im. P. F. Lesgafta, Vol. 21, Nos. 1-2, (1938) p. 251. 
16. N.F.  Popov, In book: Higher nervous activity [in Russian], Moscow, No. 1, (1929) p. 140. 
17. M. I .  Saprokhin, Izv. AN SSSP,, Seriya biol., No. 5,(1949) p. 584. 
18. V.V.  Fanardzhyan, Vyssh. nervn, deyat., No. 5, (1961) p. 92~. 
19. A . T .  Khudorozheva, Izv. AN SSSR, Seriya biol., No. 5, (1949) p. 617. 
20. K.L.  Casey and A. L. Towe, J. Physiol. (Lond.), (1961) Vol. 158, p. 399. 
21. L. Luciani, Das Kleirthirn. Leipzig (1893). 
22. F. Morin and H. Portnoy, Arch. ital. Biol., (1959) Vol. 97, p. 95. 
23. J .M.  Sprague and W. W. Chambers, Ibid., p. 68. 

AU abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 

odical literature may well be available in English translation. A complete list of the cover- to. 

cover English translations appears at the back of this issue. 

780 


