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The aim and method of the present work are similar to those described previously in Communication I [3]. The 
difference was only that previously we investigated in the rat the effect of extirpation of the temporal cortex, and in 
the present instance it is the occipital region which was removed. 

F IRST SET OF E X P E R I M E N T S  

Changes in Positive Conditioned Reflexes (to a Bei1 and to Light) After the Qperat!on, The work was carried 
out on 12 rats aged 5 months. The reflexe~ became fairly stable after 20-25 experiments, To obtain more stabte 
reflexes we carried out a further 25-35 experiments. Before the operation, the animals responded correctly on 
90-100% occasions to positive stimuli (betl and tight) and gave 85-95% correct responses to the negative ~ignals 
(intermittent belt and intermittent light). There were two deaths from the operation. 

In the first 'experiment (five days after the operation) there was no reflex response to sound in three of the rats, 
and none to light in six. The positive conditioned reflex to light had been weakened more than the response to sound. 
The response to the light deveIoped before the response to sound; in three rats the time difference was four days, and 
intwo it was 1-2 days (Fig. 1). In the remaining animals, although the conditioned reflexes to light and to the bell 
recovered simultaneously (on the fifth day after operation), there were fewer correct responses to the light than to the 
bell, One rat gave four correct conditioned responses during the whole post-operational period, and nil were to the 
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Fig. 1, Conditioned reflex activity of rat No. 10 after removal of the occipital cortex. 
1) Defensive conditioned reflex; 2) conditioned stimuli: b--bell,  ib-interrupted bell 
(differentiation); l - l i gh t ,  il- 'interrupted light (differentiation);--3) unconditioned 
stimulus (electric current); 4) time marker (two seconds). 
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C) Experiment No. 5 
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Fig. 3. Disinhihibition and increase of ac t iv i ty  in rat  No. 12 at  an early period (a and b) 
and three months (c) after removal  of the occ ip i ta l  cortex. Indications as in Fig. 1 
(each notch indicates the passage of the rat  from one half  of the enclosure to the o ther) .  

bel l .  Only in one rat was there no change in the condit ioned reflex to l ight or to thte bel t ,  but the nega t ive  condi - 
tioned reflex to the l ight was weaker in this an imal  than was the corresponding reflex to the bell .  

The positive conditioned reflex to l ight was comple te ly  restored to the preoperat ional  level  by the 17-20th day 
after operation,  and in some rats i t  was restored by the ?th or 15th day. In general ,  the condit ioned reflex to the be l l  
reached the preoperat ional  level  by the 10th day, and in some rats this level  was reached by the 5th or 7th day after  
the operation. 

Differentiation m light was impaired more than to the bell;  the former recovered la ter  (on the 6th day in one 
rat, on the 4th day in one, and on the 1-2rid day in five). In two rats no difference was noted in the di f ferent ia t ion as 
between light and bell .  

Relative recovery to the preoperat ional  level  of the condit ioned response to the light different ia l  stimulus was 
observed in two rats, and it started on the 12th day after the operation.  Differentiation to the belI recovered to the  
same level  in five rats on the 6th-9th day after operation. In the remaining animals  there was no recovery of the d i f -  
ferentiation to the light or to the bell .  A strong disinhibition of the process of differentiat ion was found to last for the 

2-4 days immedia te ly  following recovery of the positive reflex, and then disinhibition was frequently repeated  in the 
succeeding experiments (Fig. 2). 

After a break of 36 days, the positive condit ioned reflexes to light and bell  were as strong as they were before 
the operation. But there was a severe disturbance of differentiat ion (Fig. 2, c). During this period there was no d i f -  
ference in the conditioned reflex ac t iv i ty  (positive and negat ive reflexes) to l ight and bel l .  

After the operation,  in many rats we observed an increased spontaneous act ivi ty .  The number of t imes  the rats 
passed from one half  of the room to the other during the exper iment  in between signals compared with the number  of  
t imes they did so before the operation was increased two-fold in the immedia t e  postoperat ional  period,  and three - 
fold in the third month after the operation; the mean figures were: before the operation 2.1 transitions, af ter  the oper -  
ation 4.1, and in the third month 7,7 transitions (see Fig. 2), 

S E C O N D  SET OF E X P E R I M E N T S  

C h a n g e  in  c o n d i t i o n e d - r e f l e x  e l i m i n a t i o n  o f  d i f f e r e n t  k i n d s  o f  r e f l e x e s  a f t e r  t h e  
o p e r a t i  o n .  in seven rats we de'veio'ped"initia'lly defensive condit ioned reflexes to a buzzer  and tO li'ght, 'and next  

feeding condit ioned reflexes to the same stimuli ,  After these reflexes had become established, we e labora ted  thei r  
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Day of experiment 

Elimination of conditioned reflexes 

from rats (mean results of experiments on sev- 
en animals (I) before operation, (II) after re- 

moval of the occipital lobes. A-Exper iment  
A (at 16.00 hours); B-exper iment  B (at 19.00 
hours). 1) Defensive conditioned reflex to buz-  

zer; 2) feeding conditioned reflex to light; 
3) feeding conditioned reflex to buzzer; 4) de- 

fensive conditioned reflex to light. 

conditioned el imination (Fig. 3); i .e. ,  in 16 experiments 
(experiment A) we reinforced the feeding conditioned re- 
flex to light and the defensive conditioned reflex to the 
buzzer, but at 19.00 hours (experiment B) the procedure 
was reversed and we then reinforced the feeding conditioned 
reflex to the buzzer and the defensive conditioned reflex 

to light. The signal of the feeding reflex acted for one 
second, and that for the defensive reflex for three seconds. 
After the conditioned el iminat ion of these reflexes had be-  
come fairly stable, we carried out the operation. On the 

third day after the operat ion the rats were tested. 

In experiment A the feeding conditioned reflex to 

light became weaker than the defensive conditioned reflex 
to the buzzer, and in experiment B the defensive condi - 

tioned reflex to light became weaker than the feeding con- 

ditioned reflex to the buzzer (see Fig. 3). The conditioned 
reflexes to light were more seriously disturbed than were 

those to sound. 

Conditioned reflexes to the buzzer recovered rather 
earl ier  and more strongly than did those to light. In four 

rats by the 5-6th day after the operation the latter ceased 

to be weaker than the conditioned responses to the buzzer, 

while in other rats the same state was reached by "the 
10-11 th day. 

Relative recovery of the conditioned el iminat ion to the preoperational level was found in four rats on the 6th, 7th, 

and 9th days after the operation. In the other animals it recovered later, or else there was no recovery. 

The results obtained in the first set of experiments show that after removal of about 20% of the neocortex in the 

occipital region the conditioned reflexes were impaired more in response to light than to sound. The difference was 

statistically significant (3.85 times the mean error), so we may therefore assume a localization of visual function in 

the occipital lobes. 

The results of the second set of experiments agree with those of the first. The simple reflexes attained the pre- 

operational level on the 15-16th day after the operation, but negative conditioned reflexes were not restored. The 
results agree with those obtained on dogs by the followers of the I. P. Pavlov school [1, 4, 6-9], and also with what 
has been found for rats [2]. Lashley taught rats to distinguish the brightness of a color, and then inflicted various kinds 

of cortical damage. 

As a net result of his experiments, he found that after removal of the occipital cortex the habit was lost, but 

after damage to other parts it was not impaired. 

Our conclusion of the localization of hearing and vision in the rat cerebral cortex is based on the state of two 

conditioned reflexes, one to sound and one to light in each rat. It was found that with damage inflicted at a certain 

point one of the reflexes disappeared while the other was maintained,  while the reverse effect was maintained with 

the damage at a different point. 

Lashley, in his book "The Brain and the Mind" [5, p. 179] wrote: "Arguments in favor of distinct localization of 

two functions have as their foundation that one function continues to operate despite the damage which has destroyed 
the other. The possibility of a correspondence between the mass of the brain or mass of the functional area and the 

complexity of possible actions throws doubt on the principal assumption of the doctrine of localization . . . .  ". From 

this it follows that if in cerebral damage a certain function (action) is destroyed, then this function is not complex 
and related to the smaller removed portion, while the other function is related not only to the part that has been re- 

moved but also to the portion that remains intact. In this way Lashley denies the localization of function in the cortex. 

As far as our experiments are concerned, we cannot assert that the defensive reflex (running from one half of the 

room to the other) in response to sound is any more complex than the defensive reflex to light. Lashley's conception 
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does not answer the problem of why this function disappears when the occipital cortex is removed, if it is condi t ion-  
ally associated wiLh the light stimulus, and does not faiI when it is associated with sound stimulation; the same thing 
is true when the function disappears on removal of the temporal cortex, when it  is condit ionally associated with 

sound, and is maintained when it is related to a light stimulus. 

Lashley [5, p. 119] denies the theory of diasehisis: "According to Monakow (1914), symptoms of cerebral damage 
are to be attributed to two principal causes: firstly, damage of the nerve elements leads to a loss of those specific 

functions with which these elements are associated; secondly, it brings about a temporary depression in other cells with 
which the destroyed elements were functionally related . . . .  " Later he writes: "The theory of diaschisis in this form 
allows no possibility of experimental test." As can be seen from our experiments, there is no difficulty in testing this 

theory if a comparison is made of the conditioned reflex to light and to sound after damage to the temporal or occi - 

pital cortical regions. But for this purpose we must at least consider the simple activity which under certain circum - 

stances is principally related to one receptor, and under other circumstances to others. Lashley was concerned only 
with one habit elaborated in the maze and the habit  was not principally related to any one of the analyzers. In op - 

posing the theory of diaschisis, Lashley used his standpoint to study the vicarious functions of the organism. He found 
that in cases where a visual habit had been acquired, after damage to the visual centers, no kind of damage to other 
parts of the cortex could cause a toss of this habit: "Thus, the experiments exclude any possibility of a depression of 

a single cortical center brought about by destruction of another in this kind of situation." According to our results, de- 

pression of one center through destruction of another disappears even 3,5, or at latest 9 days after the operation. 

Lashley tested his rats at times later than 10 days after the operation. 

Furthermore, according to I, P. Pavlov, after removal of the visual center a visual habit may be formed by vir-  
tue of scattered visual elements. In certain rats, in the second set of experiments, a conditioned suppression was ob- 

tained after previous removal of the temporal cortex. We expected that there would be a servere impairment  of the 

conditioned suppression in relation to the light stimulus after removal of the occipital  cortex. However the dest ruc-  

tion was not very great. The idea then arises that after an ini t ia l  operation (at any point) in rats, adaptation takes 
place and the scattered elements then begin to ptay a more important part. Therefore, after the second operation, 
the conditioned reflexes suffer less. 

These results agree to some extent, but not entirely, with Lashtey's idea of vicarious functions [13], because, 

although after a second operation the conditioned reflexes were not severely impaired, nevertheless some depression 
of the cortical center and some localizat ion of cortical function could be found. 

Lashley tested the memory of rats after they had ceased work for 40 days. He found that the operated animals 

lost none-of ~he habits involved in the discrimination of brightness differences, but made many mistakes in the maze,  

In our experiments on rats, after the operation positive conditioned reflexes to sound and to light recovered com-  

pletely, but differentiation was severely impaired. After a 36-day- in te rva l ,  positive conditioned reflexes to sound 

and to light had in no way deteriorated, but differentiation was still further impaired. We are incl ined to attribute 
this result to a disturbance of balance between excitation and inhibition, At an early stage after the operation, the 
rats became more excitable and by the third month their spontaneous activity had increased still further. This sup- 

pression of inhibition and the manifestation of spontaneous activity after cortical damage has been noticed also by 

many authors [1, 3, 4, 8-12, 14-17]. The results of our experiments on differentiation of stimuli in rats agree with 
Lashley's findings on habits formed in the maze. It is thought that the main reason for the great disturbances of habit 

in the maze was the development of spontaneous activity resulting from cortical damage. 

S U M M A R Y  

The work was carried out on 19 rats. Positive and negative conditioned reflexes to sound and light, and condi-  

tioned changing over of different reflexes to sound and light were elaborated. The occipital  cortex was removed after 

these reflexes had become established. Changes in the conditioned reflex activity occurred after the operation, and 
demonstrated that in rats visual function is localized in the occipital  cortex which is involved not oniy in the solution 

of a simple problem, but also in discrimination; it appears also that it  is concerned in the change-over of conditioned 

reflexes. Localization of this function could be demonstrated also after a second injury to the cortex. These results 

show that a test may be made of the diaschisis theory, support obtained for it in opposition to Lashtey's view. After 
the operation, the rats became more excitable,  and their power to differentiate was considerably disturbed. It would 

appear that the main  cause of the marked disturbance of the habit  of running in the maze was the development  of 

spontaneous activity as a result of injury to the cerebral cortex. 

609 



LITERATURE CITED  

1. B. P, Babkich, Transactions of the Society of Russian Physicians in St. Petersburg, 7_~8 (1911), p, 249. 
2. V.I.  Gunin, Changes of Higher Nervous Activity of Adult Animals (Rabbits, White Mice, and Dogs) 

FolIowing Extirpation of the Cerebral End of the Visual Analyzer. Author's abstract of Candidate's 
Dissertation, Moscow (1956). 

3. Dang-Tkhu, Byull. dksper, biol., No, 3 (1963), p. 15, 
4. A.N. Kudrin, Conditioned Reflexes in Dogs after Removal of the Posterior HaIves of the Cerebral Hemisphere, 

Dissertation, St. Petersburg (1910). 
5, K.S. Lashley, The Brain and the Intellect [in Russian], Moscow, Leningrad (1933). 
6. T .A.  Meting, Conditioned Reflexes in Dogs after Removat of the Nuclear Zone of the Auditory Analyzer. 

Author's abstract of Candidate's Dissertation, Moscow (i951); Zh. vyssh, nervn, deyat,. No, 6 (1952), p. 894. 
7, N.F. Popov, In the book: Report of the Seventh All-Union Congress of Physiologists, Biochemists, 

and Pharmacologists, Moscow (1947), p. 193. 
8. N.K. Toporov, Conditioned Reflexes from the Eye after Removal of the Occipital Lobes of the Cerebral 

Hemispheres from the Dog. Dissertation, St. Petersburg (1908), 
9. M. ~, El'yasson, Studies of the Auditory Facutty of the Dog under Normal Conditions and after Partial Bilateral 

Removal of the Auditory Cortical Center. Dissertation, St, Petersburg (1908), 
10, L Delgado and R. Livingston, J. Neurophysiol, 1! (1948), p. 39. 
11. L F. Fulton, A Textbook of Physiology, Philadelphia (1955). 
12. O, Langworthy and C. Richter, Am. J. Physiol. 126 (1939), p. 158, 
13, K, S, Lashley, Ibid., 5..99 (1922-23), p. 44, 
14, H, W. Magoun and S. W. Ranson, J. Neurophysiol, t ,  (1938), p. 39. 
15, C.P. Richter and C, D. Hawkes, L Neurophysiol, 2 (1939), p. 231. 
16, T, C. Ruch and H. A. Shenkin, L Neurophysiol, 6 (1943), p. 349. 
17. J.P. Zubek, L comp. physiot, psychol., 4__.44 (1951), p. 310. 

All 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 ol this peri- 

odical l i t e ra ture  m a y  wel l  be  ava i lab le  in E n g l i s h  t ranslat ion.  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 

610 


