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The possibility of action of the higher nervous centers on processes taking place in the retina, has not yet 
been adequately established. E. M. Belostopkii, A. I. Bogoslovskii and E. N. Semenovskaya (1957) found In one 
case of traumatic encephalopathy,in which there was marked reduction in visual acuity and concentric reduction 
of the field of view to 10 ~ that the amplitude of the elctrorettnogram (ERG) was greater than normal, They found 
however, that the amplitude of the b wave in subjects with normal vision varies from one experiment to another 
until it attains a fairly stable value. A. L Bogoslovskii and E. M. Semenovskaya found in a ease of complete 
blindness of one eye due to the growth of an intracranial tumor, that the amplitude of the b wave In this eye was 
greater than in the other, in which full vision was preserved and in which the ERG was normal. R. B. 7.aretskaya 
[• found that caffeine and bromine increase the human EP, G. These facts lead us to suppose that although the 
ERG is most probably an expression of the electrical activity of the retina, and only arises from it, nevertheless 
it is under the control of the higher visual centers. This would certainIy appear to be so from the theoretical 
point of view, but until recently the fact has not been demonstrated experimentally. Only I. Van~sek [3] has de- 
scribed experiments from which it can be seen that the central nervous system influences the human ERG. He 
measured the ERG in 11 healthy subjects during the course of dark adaptation. He found that dark adaptation In- 
creases the amplitude of the b_b - wave. At the 12th minute of dark adaptation, the subject was presented with a 
bright light. The light adaptation caused a reduction in the amplitude of the b wave in 6 out of the 11 subjects, 
and this reduction could be Induced by one single presentation of the light. Va@sek quite correctly concludes 
that the human EttG may be influenced by the central nervous system. Finally, in her article, A. V. Zonova [2] 
describes conditioned reflex changes in the ERG of the rabbit. The unconditioned stimulus used was subconjunc- 
tival Injection of sodium chloride, and the conditioned stimuli were a sound and proprioceptive stimulation. 

In the present investigation we have employed a different method of demonstrating the regulatory effect 
of the central nervous system on the ERG. We have tried to bring about conditioned reflex changes In the human 
ERG in response to an initially indifferent stimulus, while for the conditioned stimulus we have used the adequate 

stimulus - light. 

M E T H O D  

The electroretinogram was recorded using a silver electrode fixed to a contact lens~ A silver disk fixed by 
a plastic clip to the lobe of the homolateral ear was used as the indifferent electrode. Simultaneous recordings 
were made of the elctroencephalogram (EEG) of both occipital areas. To record ERG and EEG an MPO-2 string 

oscillograph and the six-channel amplifier system of Petmer and Ul't were used. 
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Distribution curves for the amplitude of the b wave of the ERG. 
i) In response to light giving a brightness at the eye of approximately 80 lux (weak light); 
2) in response to combined sound + strong light stimulus (giving a brightness at the eye of 
about 600 lux); 3) in response to combined stimulus of sound + weak light (86 lux). 

The light stimulus subtended about 1.5" at the eye. Two different brightnesses of stimulus were used, the 
weaker giving a brightness of 80 lux at the pupil, and the stronger a brightness of about 600 lux. As an auditory 
stimulus, we used the sound of a ZG-10 generator having a loudness of 60 decibels above threshold, and a fre- 
quency of 250 e/s.  The sound was emitted from a loudspeaker placed 1 m in front of the subject. It had no di- 
rect effect on the ERG. Two subjects were used for the experiments: a woman M, of 45 years, and a man O, 30 
years old. Neither had any ophthalmological defect. The visual acuity in both subjects was 1.0. 

In preliminary experiments, we determined the qualitative and quantitative features of the EI~s3 and EEG 
in response to the weak light of 40 milliseconds duration, and to the strong light, using the same exposure, and 
to the combined stimulus of sound + strong light. Initially the sound was switched on and maintained for 30 sec- 
onds, and during the 15th second of the sound, the strong light of 40 milliseconds duration was presented. The 
experiment was conducted as follows: The electrodes were placed m position. The subject was placed in total 
darkness for 3 minutes; while sitting comfortably in an armchair, he directed his attention to a red fixation point 
placed adjacent to the test field. 

Preliminaxy tests showed that the response of the ERG and EEG to these stimuli was very constant during 
the single experiments, and showed very little variation from one experiment to another. For instance, for the 
subject M, on stimulating with the weak light, the ERG produced a b wave with an average amplitude of 135 ~v; 
the latent period of the b wave was about 60 milliseconds; the duration of the b wave was, on average, about 
200 milliseconds. On stimulating with the strong light, the amplitude of the b wave was about 225/~ v; the latent 
period was about 40 milliseconds, and the total duration about 160 milliseconds. When the sound was given to- 
gether with the stronger light stimulus, the ERG was the same as to the strong light alone. After the preliminary 
tests had been concluded, we proceeded to the main experiment. 

Here the sequence was as follows. After the subject had been in darkness for 3 minutes, and while fixating 
the red point, the fol!owing stimuli were presented in a random order at intervals of 30 seconds: weak light (80 
lux; 2-3 presentations at intervals of 15 seconds) or a 1f-second sound stimulation on which were superimposed 
2-3-4 strong light flashes of 600 lux at intervals of 15 seconds. This procedure is called "elaborating a~conditioned 
reflex" to sound; it was repeated many times during the experiment, which lasted altogether about 2 hours. Each 
time recordings of both ERG and EEG were made. 
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Fig. 2. Changes in the ERG in response to conditioned reflex stimulation. 
Curves, �9 above dowhwards: EEG of right occipital  are~, EgG of left occipital  area, 
ERG, trace of  sound signal (switching on sound causes broadening of line. See traces 40, 
41, 88, and 89), record of light stimulus (downward displacement at time of light stimu 2 
lus). Time marking 40 milliseconds. Calibration 50 g v; upper cal. for ERG, lower, for 
EEGo 

After a few coincidences of the bell + strong l ight ,  instead of  the strong light being superimposed on the 
1S-second sound stAmulatton, the weak light was substituted. This procedure was known as "testing the condi- 
tioned reflex". Both before and after this testing of the reflex, the weak light was presented alone as control. 

We assumed that if it were possible to elaborate a Conditioned reflex change in the ERG, then such a pro- 
cedure would produce a change in the ERG in response to the combination of sound + weak light which would 
approximate that of the ERG in response to the combination of  sound + strong light. Since a simultaneous re-  
cord of the EEG was made,  it would be expected that the response in it to the sound would also show conditioned 
reflex changes; however, we did not investigate this point, since such changes have been known for along t ime 
(G. Jasper, L So Beritov, A. Gasteau, V. S. Rusinov, and others). 

R E S U L T S  

We will give the detailed results only for the subject M, since those obtained with subject O were similar. 
With subject M, we carried out a total of !5  experiments during July of 1957. 628 separate ERG and EEG record- 
ings were obtained, and of  these 242 were recordings of the combined effect of sound + strong light ("develop- 
ment of the conditioned reflex" ), 71 showed the response to sound + weak light ("testing the conditioned ref lex ' ) ,  
and 3i5 were recordings of the response to weak light alone (control). 

In examining the results, we first paid attention to the amplitude of the b wave of the ERG, then to its la-  
tent period, t ime to reach maximum value, and to its total duration. With the combined stimuli of sound and 
strong light, the b wave amplitude had an average value of 207 g v, in response'to the weak light alone the value 
was 144 ~t v, and to the combined stimulus of sound and weak light ("testing the conditioned ref lex ' )  it was 158 

v. A stall greater difference was shown between the second and third combinations, as can be seen by compar-  
ing the resutts cf  the fixst and of the second sets of experiments. In the first set, the amplitude of the b wave in 
respome to the weak light alone was, on average, 135 g v, while to the combination of sound + weak light the 
average value was 139 ~ v. However, in the second set, the corresponding values were 140 and 166 ~ v. Fig. 1 
shows curves giving the variation in amplitude of the _b wave for the three conditions used. Despite the compar-  
atively small number of ~eadings, the curves show a fairly typical Gaussian distribution. The modal value for 

curve 1 is 188, for curve 3 - 167, and for curve 2 - 9.25 ~ v, 
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Fig. 3. EEG during elaboration of con- 
ditioned reflex changes in the ERG. Se- 
quence.of traces as in Fig. 2". In re- 
sponse to the eombinatlomof a ~trong 
light and a sound stimulus, the a-rhythm 
is arrested before the light flash is given 
(see curve 36 and 14). Calibration 50 

v, left cal. for ERG, right, for. EEG. 

From Fig. i it can be seen that the Whole of the curve 
and the mode for the combination of sound + weak light is 
displaced in the direction of the maximum of the curve for 
sound + strong light. This indicates that in our experiments, 
the sound has acquired the significance of a signal, and that 
it affects the ERG by changing the amplitude of the b wave 
in accordance with the principles of conditioned reflex ac- 
tion. This change was not great, but it was greater than any 
experimental error. The conditioned reflex change in the ERG 
can be seen still more clearly in the curves obtained when the 
sound had already come to acquire the significance of a sig- 
nal (Fig. 2). All these curves were obtained from an experi- 
ment made on 7/19/1957. Here it emerges very definitely 
that the amplitudes of the b wave in the ERG obtained in re- 
sponse to sound + weak light (curves 40, 41, 88 and 89) are 
greater than the Control recordings in response to the weak 
light alone (curves 38, 39, 83, 84, 90 and 91), which were ob- 
tained both before and after testing the conditioned reflex; 
here, if we compare curves 38 and 39 with curves 40 and 41 
obtained after 164 reinforcements of the conditioned reflex, 
the difference amounts to approximately 25/J v, but when com- 
paring curves 83-84-86 (weak light without sound) and curves 
88-89 (weak light + sound) after 173 reinforcements, the dif- 
ference now amounts to as much as 60-110 ~ v; again, when 
we compare curves 88-89 with the control curves 90 and 91 
(experiment without sound, and weak light used alone) it 
amounts to about 50/~ v. Other ERG parameters, such as the 
latent period of the b wave, time to attain the maximum and 
total duration, all showed less change. 

A more detailed analysis of the different experiments 
showed that the sound does not immediately acquire the sig- 
nificance of a signal. Only after 50-60 coincidences was it 

possible to observe its conditioned reflex action and at this stage it was still weakly shown. The effect was very 
much better shown after 100-125 combinations, and the reflex was found to become extinguished very rapidly, 
and as a rule, on the following day, it either did not appear or else was shown very weakly. This feature of the 
formation of the conditioned reflex as affecting the ERG differs sharply from the behavior of sensory conditioned 
reflexes elaborated in connection with vision, where conditioned reflexes are elaborated very rapidly, after 2-5 
coincidences, and are maintained for a long time (A. I. Bogoslovskii, E. N. Semenovskaya, R. B. Zaretskava, a n d  
others). 

While "inducing condi~oned reflex changes in the ERG, we incidentally observed similar alterations in the 
EEG. As would be'expected, these developed considerably earlier than the corresponding EPa3 changes; the a -  
rhythm ceased in response to the sound somewhat before the light stimulation was given. 

In this connection we investigated the �9 of an orienting reaction (arrest of a-rhythm by sound); 
the reaction was rapidly extinguished even in the first experiments and had no effect on the conditioned reflex 
extinction of the a-rhythm. 

In the experiment performed on 10/7/1957, after the first 9 reinforcements of the conditioned reflex we 
observed no extinction of the a-rhythm to sound before the light stimulus was presented (see Fig. 3, trace 22), 
but in this same experiment (trace 36) after 36 reinforcements, before the strong light stimulus was given and at 
the moment of the sound stimulus, a well-marked depression of the ~-rhythm was observed, showing that the 
sound stimulus was acting as a signal f.'oz the light. In the experiment performed on 16/7/1957 (see Fig. 3, trace 
14), after 70 reinr of the conditioned reflex, this anticipatory arrest of the c~-rhythm was still more 
pronounced: it beg~n about.1 second before the strong light stimulus, 14 seconds after the sound had been turned 
o n .  
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Our expertment~ axe provisional,  and are being continued.  We think i t  worth while  to publish some of 
them,  as these observations are of impor tance  in de termining  the part p layed by the centra l  nervous system in the 
deve lopmen t  of  the human ERG and in connect ion with the problem of the Interact ion of central  and per iphera l  
processes in the  visual analyser  as a whole. 

S U M M A R Y  

The condi t ioned ref lex changes were formed in the human e lec t rore t inogram.  The ERG was registered 
with the aid of an ac t ive  e lec t rode  soldered into the contac t  lens, The EEG of both occ ip i t a l  regions was regis-  

tered s imul taneously ,  Light (which gave about 600 lux i l lumina t ion  on the pupil)  served as an uncondit ioned 

st imulus.  Sound served as condi t ioned stimulus (60 dec ibe l  over the threshold of  hear ing,  250 cycles  per sec ) 

which had no effect by i t se l f  on the ERG. Numerous combinat ions  of  this sound with the l ight  stimulus brought 

about the deve lopment  of condi t ioned reflex changes in the ERG. This was manifes ted by the fact that in re-  
sponse to the mi ld  l ight s t imula t ion ,  preceded by sound, the ampl i tude  of the e lec t rore t inographic  wave "b" be-  

c a m e  higher than in response to the weak s t imula t ion  by l ight  a lone.  In both cases the l ight  which was employ-  

ed as a stimulus gave an i l lumina t ion  on the pupil  equal to about 80 lux and the wave "b" the ampl i tude  of  
which was much lower than in l ight  stimulus with 600 luxo The condit ioned reflex changes were s imul taneously  
observed in the EEGo 
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