
Neuroscience Vol. 51, No. 2, pp. 445450, 1992 
Printed in Great Britain 

0306-4522/92 $5.00 + 0.00 
Pergamon Press Ltd 

© 1992 IBRO 

D Y N A M I C S  OF RESPONSES OF V1 N E U R O N S  EVOKED 
BY S T I M U L A T I O N  OF D I F F E R E N T  ZONES OF 

RECEPTIVE FIELD 

I. A. SHZVELEV,* M. A. VOLGUSHEV and G. A. SHARAEV 

Laboratory of Sensory Systems, Institute of Higher Nervous Activity and Neurophysiology, 
Russian Academy of Sciences, 5a Butlerova str., GSP-7, Moscow 117865, Russia 

Abstract--The dynamics of receptive fields of 73 neurons in area 17 of cat visual cortex were studied using 
the temporal slice method. Three-dimensional maps of the receptive fields were plotted using the criterion 
of spike number in successive fragments (step 10 or 20 ms) of responses to 100 local flashes presented at 
different parts of the receptive field in random order. The size and configuration of such dynamically 
recorded receptive fields were then estimated. This allowed us to reveal the dynamic reorganization of all 
receptive fields 20-400 ms after stimulation. A small zone of responses appeared in the receptive field after 
initial latency, then it widened, received definitive configuration, and after that decreased and disappeared. 
The effect was reproducible under repeated estimations. 

The relationships between receptive field and the previously described orientation tuning dynamics, as 
well as between dynamics of receptive fields and their summation zones, mechanisms and possible 
functional meaning of the revealed effects for signal processing in the primary visual cortex are discussed. 

Previously, deep reorganization of  the classical 7'8 
receptive fields (RF) of  cat cortical units with a 
change in light background level, 1'16-19'22'28-3°'34 as well 
as following the change in alertness level 1'9'11,12,15,19,27,33 

were found. These adaptive reorganizations of  RF  
normally occur within seconds or dozens of  seconds. 
There is a line of  evidence that  there exists dynamic 
readjustment of  RF  properties,  5,6,12,14ASA9,3°'3~37 which 

occurs within tens of  milliseconds after stimulus onset 
and could be impor tant  for visual informat ion pro- 
cessing in the cerebral cortex. 

The main aim of  our study was to find fast RF  
dynamics and to estimate some characteristics o f  the 
process. We analysed neuronal  responses using the 
temporal  slice method  previously used for estimation 
of  spatial summat ion in the LGB uni ts)  4 

EXPERIMENTAL PROCEDURES 

Animals, narcosis and surgery 

Adult cats of standard weight (2.7 3.3 kg) were anaes- 
thetized by ether for usual surgery. These animals were kept 
under Sombrevin (5% solution, 3-5 mg/kg, i.v.) or under 
Nembuthal (5% solution, 30mg/kg, i.p.) anaesthesia and 
were immobilized with D-tubocurarine (0.15mg/kg, 10% 
solution). Experiments began 3 4  h after ether action. The 
animals were intubated and kept on artificial respiration and 
their rectal temperature was kept constant by body ther- 
mostabilization. Blood pressure, pulse rate and body tem- 
perature were monitored and kept within normal limits. The 
state of the cerebral cortex was monitored by electroenceph- 
alogram. 

The third eyelid of the right eye was contracted by 
Neo-Synephrine and the eyelids opened; a contact lens (0 D) 

*To whom correspondence should be addressed. 
Abbreviations: PSTH, peristimulus-time histogram; RF, 

receptive field; VC, visual cortex. 

was put on the eye (artificial pupil diameter 3 mm), and a 
correcting lens matched by projectional ophthalmoscopy 4 
was placed in front of the eye. The pupil size was stabilized 
with 0.1% Atropin solution, and the left eye was covered 
with an opaque partition. 

The skull was trephined over area 17 of the visual cortex 
(VC): P0.5 3; L0.5~ mm. The cat's head was fixed with a 
metal platform previously attached to the skull. 

Recording 

The microelectrodes were either glass micropipettes filled 
with 2.5 M NaC1 solution with a resistance of 5-15 Mf~ at 
a frequency of 60 Hz, or acetate-coated tungsten wires with 
a resistance of 1 5 MfL Extracellularly recorded impulses 
from 73 single units of the left area 17 of the VC contralat- 
eral to the stimulated eye were fed to a threshold discrimi- 
nator and then onto a computer. 

Light stimulation 

The experiments were carried out in a light- and sound- 
proof chamber under background illuminations of 0.1, 0.84 
and 3.0cd/m 2 and stimuli contrasts 7 x 10-6-7 × 10 z. For 
RF mapping, 100 (10 x 10) flashes of round or rectangular 
light spots were presented in a randomized order in the part 
of the visual field containing RF. The search of RF and 
its detailed study were performed by computer-controlled 
projection of the moving or flashing stimuli t9 to a white 
reflecting screen (62 x 65 °, 1.7 m from the eye; K r = 0.89). 
The stimulus size varied from 0.25 ° to 4°; it was presented 
on 5-400ms at the rate of 0.5s -l. The duration of one 
testing of RF was equal to 3.3 min; this procedure was 
usually repeated 2-10 times. Stimuli were viewed monocu- 
larly by the right eye contralateral to the left hemisphere, 
from which the activity was derived. 

Processing 

For each position of the light spot in the RF, 2-10 
responses were collected by the computer for peristimulus- 
time histograms (PSTHs). PSTHs were processed by a 
temporal slice method. 14 This means that we estimated the 
RF of a cortical unit by the number of discharges in 
successive time fragments or portions of responses, instead 
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of a total number or maximal instantaneous frequency of 
impulses in a reaction. The set of the RF three-dimensional 
maps was plotted by computer. The first such map 
was plotted for the first 20 ms after the stimulus, the second 
for the next 20 ms, and so on (differential slices of RF). 
RF size and configuration were estimated in each of these 
maps. 

Repeated measurements of RF characteristics under the 
same conditions at the same unit allowed us to estimate the 
reproducibility of our data; their reliability was assessed 
using standard statistical criteria. 
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Fig. 1. Dynamics of recorded excitatory on- and off-zone of 
the neuron RF in the cat visual cortex. The upper maps in 
each column correspond to the RF plot by the total number 
of spikes during 200 ms of the on-response (left) and 200 ms 
of the off-response (right). The stimulus was a light square 
(1 x 1°), flashed in randomized order in 100 (10 x 10) parts 
of the visual field tested area (11 x 11 ° at 11 ° from the field 
centre) in the mesopic condition. The horizontal axis of the 
map corresponds to the screen vertical, while the second axis 
is its horizontal dimension. On the vertical axis of the map 
the number of spikes during 200 ms are shown. Calibration 
(upper): 10 spikes/200 ms. Maps 1-20 are plotted by succes- 
sive 20ms fragments of the unit responses; maps 1-10 
correspond to the on-responses, while maps 11-20 are the 

off-responses. Calibration (lower): 5 spikes/20 ms. 

19 

Fig. 2. RF dynamics of the unit with inhibitory on-responses 
(left column) and excitatory off-responses (right column). In 
the on-maps for the clear demonstration of the inhibitory 
zone of the RF the background activity and excitatory 
responses are equalized. The stimulus was a light square 
(0.5 x 0.5 °) flashed in 100 visual field points (area 7 × 4 ° at 
12 ° from the centre of the visual field); mesopic adaptation. 
Calibration: 25 spikes/200ms (upper two maps) and 10 

spikes/20 ms (maps 1-20). Other details as in Fig. I. 

RESULTS 

Examples of dynamics of the recorded receptive field 

All 73 studied neurons o f  the visual cortex revealed 
similar fast reorganization of  the recorded RF  during 
generation of  their responses to local testing light 
flashes. Typically, recorded RF  after initial latency 
was small and weak and appeared only in the central 
part  of  the tested area (Fig. 1, map 2). This zone 
successively widened, discharge numbers increased 
(maps 3-5) and then the RF  relief narrowed and 
weakened (maps 6-8). In many cases at the end of  on- 
or off-responses, recorded R F  even disappeared or 
was separated into small fragments.  Figure 1 illus- 
trates that  when the second phase of  the excitatory 
on-responses was generated secondary widening was 
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Fig. 3. Distribution of neurons in the visual cortex by the temporal characteristics of RF dynamics (A-C) 
and its stability (D). (A) Distribution of initial latency of dynamically recorded RF appearance. (B) 
Distribution of the moments of RF maximal widening. (C) Distribution of the moment of disappearance 
of recorded RF. Abscissa: time after stimuli onset, ms; ordinate: number of neurons (n = 29 for A, 47 
for B and 26 for C). Abscissae in A and C correspond to abscissae in B and D. Ordinate in C corresponds 
to ordinate in A. (D) RF area in typical neuron (ordinate in deg 2) vs time after stimulus onset (abscissa 

in ms). Mean data and their errors are shown for five successive estimations of the RF dynamics. 
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Fig. 4. Maximal receptive field area under dynamic estimation as a function of the background 
illumination with constant test intensity (A), with constant test contrast (B) and as a function of intensity 
(C), and of energy of the testing flash (D). (A) Mean RF area and S.E. for 20 neurons (ordinate, deg 2) 
vs background illumination of the screen (abscissa, log of lux). (B) The RF area (ordinate, deg 2) vs time 
after test stimulus onset (abscissa, ms) under different stimuli/background contrast (1 and 2; 1 and 3) and 
equal contrast (2 and 3). (1) Stimuli intensity 70 lux on background 0.1 lux (C = 700); (2) 0.7 lux on 0.1 
lux (C = 7); (3) 70 lux on 10 lux (C = 7). (C) The RF area (ordinate, relative units; mean data and their 
S.E. for 17 neurons) vs stimuli intensity (abscissa, dB of light attenuation; 0 dB corresponds to 70 lux). 
(1) RF area, (2) peak latency of RF maximal dynamical widening. (D) The RF area (ordinate, deg 2) vs 
time after stimulus onset (abscissa, ms) under testing of RF with flashes of equal energy. (1) stimulus 

1 x 1 °, intensity 35 lux; (2) stimulus 0.5 x 1 °, intensity 70 lux. 
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reflected in RF  (maps 9-11) and partial masking of 
the latency and early phase of the off-responses was 
seen (maps 11-13). 

The same dynamics of RF  were revealed during 
off-response generation (Fig. 1, maps 11-20) and in 
the cases where RFs had a central inhibitory on-zone 
in their RF  (Fig. 2). 

The RF configuration became definitive (typically 
of prolonged form) at early stages of its dynamics 
(Figs 1 and 2) and remained up to the recorded field 
fragmentation and disappearance. 

Statistical characteristics of receptive field dynamics 

The described effect was highly reproducible: it 
may be revealed many times under successive testing 
with small variations (Fig. 3D). The recorded RF 
appeared in different units at 20-100ms after the 
onset of testing flashes (Fig. 3A, mode on 60 ms), 
became maximal (10-220 deg 2 under mesopic con- 
ditions) at 40-140 ms (B, mode on 90 ms), and disap- 
peared at 120-220 ms (C, mode on 170 ms). 

We could not obtain reliable differences in the RF dy- 
namics for simple, complex and hypercomplex fields. 

Dependence of receptive field dynamics on the par- 
ameters of the testing light 

The size of the recorded RF was inverse pro- 
portional to the background light level in conditions 

of equal intensity (Fig. 4A), as well as of equal 
contrast testing (Fig. 4B). It is seen (Fig. 4A) that 
under transition from low scotopic to mesopic and 
then to photopic background levels, dynamically 
recorded RFs decreased in size (by 2.3 and 6 times, 
respectively). It is interesting that these pronounced 
changes of RF size were not followed by changes in 
temporal characteristics of RF  dynamics: the peak 
latency of the process in these conditions varied by 
only 5% (Fig. 4B, 1 and 3). Under equal contrast 
testing (Fig. 4B, 2 and 3) RF  in two-thirds of cases 
decreased with the rise of the light background. 
However, the latency in such cases reliably shortened. 
The same was true for test flashes of equal energy, but 
different size and intensity (Fig. 4D). 

RF dynamics depended on the test stimulus inten- 
sity or contrast level (Fig. 4C, 1). Overall RF  size as 
well as its maximal widening during dynamics were 
directly connected with these parameters, while initial 
and peak latencies of the process shortened with 
increased intensity (Fig. 4C, 2). Similar relations were 
revealed between the characteristics of RF dynamics 
and test flash size (Fig. 5A), while for flash duration 
(Fig. 5B) and orientation (Fig. 5C) these relations 
looked more complex. Thus, under flash pro- 
longation, after individually varied critical duration 
(from 5 to 100 ms in different neurons, modal esti- 
mate 25 ms) the RF widening was changed by its 
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Fig. 5. Maximal receptive field area under dynamic estimation and temporal characteristics of these 
dynamics as a function of the test stimulus size (A), duration (B) and orientation (C). Upper row: dynamics 
of RF area under different parameters of the stimuli, shown at the left of each curve in deg (A), ms (B) 
and deg (C). Middle row: RF area (ordinate, deg 2) vs stimuli parameters. Lower row: latencies of the RF 
development in dynamics (ordinate, ms; white dots--initial latency, black dots--peak latency) vs stimuli 

parameters. 
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Fig. 6. (A) Scheme of dependence of the temporal characteristics of response of the visual cortex neuron 
on the testing light spot position in the receptive field. Abscissa: distance of the test flash from the RF 
centre (0°), deg; ordinate: initial latency of the unit response (lower curve) and time of the discharge 
cessation (upper curve), ms; figures 3, 5 and 8 inside the panel show the RF diameter at appropriate slices 
(black end). (B) Dynamics of this receptive field area. Abscissa: time after stimuli onset, ms; ordinate: area 

of the RF, relative units. 

decay (Fig. 5B). Dynamically estimated RF size 
revealed typical orientation tuning (Fig. 5C) that 
coincided with standard estimations of this 
function. 

D I S C U S S I O N  

At least three issues must be discussed here: 
whether the revealed effect is an artifact, what can be 
its neurophysiological mechanisms and what is its 
functional meaning? 

Are the receptive field dynamics an artifact? 

The existence of RF dynamics in all units under 
study, their reproducibility under different stimuli 
parameters and under repeated estimations indicates 
the objective, non-incident nature of the described 
phenomenon. We can conclude that it is not an 
artifact. 

Neurophysiological mechanism of receptive field 
dynamics 

The dynamics of the recorded RF evidently 
depend, first of all, on the different temporal course 
of the unit's excitation evoked by the local light 
testing at different parts of the RF (Fig. 6). Different 
weights of inputs at these locations lead to a change 
in response pattern, which is demonstrated schemat- 
ically in Fig. 6. While under local flash stimulation at 
the centre of the RF the unit generates short-latency 
and prolonged discharges, the response under testing 
of the RF periphery is long-latency and short one. 
This shortening of the response is connected both 
with lower weight of excitatory inputs and with 
relatively stronger inhibition at the RF periph- 
ery. 2'3'1%2°'28'29'31'32'34 The above-mentioned changes of 
response characteristics are evident from the results 

described above. They are necessary and sufficient for 
the explanation of RF dynamics in the majority of 
units. It should be noted that in some rare cases the 
responses from the central zone of RF demonstrated 
relatively fast successive inhibition after initial dis- 
charge. Then an inhibitory hole at the centre of the 
circular excitatory zone is recorded at certain times 
during the RF dynamics. However, as a rule, small 
local flashes are not sufficient enough for the effective 
activation of the relatively high-threshold ~s'25 inhibi- 
tory mechanisms of the RF. 

Functional meaning of the receptive field dynamics 

This problem can only be discussed speculatively. 
Really, as in any other case of neural events, we 
cannot obtain proof of its non-epiphenomenal 
nature, only of the real significance for the next 
neuron-recipient of the message. ~3 Nevertheless, it 
seems tempting to consider different dynamics of 
excitatory and inhibitory zones in RF as a source of 
a special type of orientation tuning dynamics that 
we described previously/5'21'23 26 It was shown that 
two-thirds of cortical units dynamically retuned 
their preferred orientation within some part of the 
orientation range during the response generation. 
Such "scanners" can play an important role in the 
spatiotemporal orientation coding that we 
suggested.15,2~,23 26 It is especially interesting that the 
time of RF dynamic widening demonstrated here 
coincides with: (i) the time of dynamic orientation 
tuning widening in the majority of cells, 19'21 and (ii) 
the time of the drop of human orientation recognition 
probability. ~° The second probable usage of RF 
dynamics at the LGB level was supposed by Pod- 
vigin, 14 who believed that the LGB units with such 
properties of their RFs can be retuned filters of the 
spatial frequencies. 
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