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Regularities of spatial expansion of receptive fields (RFs) of visually sensitive neurons at
application of moving visual images were investigated in the cat extrastriate visual cortex
(area 21a). The RF size and their spatial infrastructure were first defined by presentation of
stationary flashing stimuli, and horizontal and vertical axes (HA and VA, respectively) of
classical RFs were determined. Then the lengths of the above axes were carefully measured by
spatial scanning of the RFs with moving visual stimuli. It was found that dynamic expansion
of the RF sizes was, as a rule, linked to the trajectory of a moving stimulus across the RF.
Stimulus motion along the RF HA resulted in significant extension of this axis but not of the
VA, while the its motion along the RF VA usually caused extension of only this axis, while
another axis underwent negligible changes. These results demonstrate that spatial expansion
of the RFs correlates mainly with the trajectory of stimulus motion across the RF. Such an
effect probably results from excitation of the neuron under study by adjacent cortical neural
networks. Thus, neural circuits localized outside the RF play a decisive role in modulation
of the qualitative and quantitative characteristics of classical RFs, hence ensuring precise
central processing of incoming visual information.

Keywords: visual perception, extrastriate visual cortex, area 21a, receptive field, spatial

expansion, trajectory of stimulus motion.

INTRODUCTION

Organization of neural mechanisms ensuring
recognition and precise diversification of perceived
visual images still remains the main question related
to the principles of central processing of visual
information. According to the results of earlier
investigations [1-4], it was generally accepted that the
stationary spatial structure of the receptive field (RF) of
a visually driven neuron plays a decisive role in central
processing of visual information, and perception and
accurate diversification of visual images are mostly
determined precisely by this factor. Many studies
have been conducted for detailed investigation of fine
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mechanisms providing discrimination of the image
form, size, and motion by single visually sensitive
neurons in the primary visual cortex and extrastriate
cortical structures [5—10]. Recently, it has been shown
[11-14] that spatial dimensions of the neuronal RF are
not static and may undergo substantial modifications,
namely spatial expansion or shrinking, especially
when a moving visual stimulus has been presented.
So, it was hypothesised that activation of the networks
surrounding the cortical RF plays an important role
in central processing of incoming visual information.
In our experiments, we investigated regularities of the
RF spatial dynamics in relation to the trajectory of
visual stimulus motion across the RF. As a first step,
spatial scanning of the RF was carried out by stepwise
motion of visual stimuli along the RF horizontal
and vertical axes (HA and VA, respectively). The
main problem was to find out whether expansion of
the RF size at application of moving stimuli occurs
along all RF spatial parameters or at a definite
orientation. This approach enabled us to explore the
extent and regularities of RF expansion and to analyze
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the relative importance of the influence of the RF
surrounding contributing to central processing of
visual information.

METHODS

The methods used were described in detail earlier
[10]. The experiments were performed on 17 adult
cats weighing 2.5-3.5 kg. The animals were initially
anaesthetized with alfa-chloralose (60 mg/kg per hour,
i.m.). Tracheotomy and cannulation of the femoral
artery were performed. Throughout the experiment,
the anesthesia was maintained by intravenously given
chloralose (10-20 mg/kg per hour). The animal’s head
was fixed in a stereotaxic apparatus (Horsley-Clark,
modified for visual research). Extracellular recording
of single cell activity in the extrastriate area 2la
was provided by tungsten microelectrodes covered
by vinyl varnish, with an 1-3-um exposed tip and a
10-15 MQ impedance. Action potentials (APs) were
conventionally amplified, triggered, and passed to a
digital analyzer for on-line analysis and data storage,
using the post/peristimulus time histogram (PSTH)
mode. Stimulus cycles were repeated 16 times for
averaging.

The RF borders for each visually responsive cell
were defined by presentation of hand-held stimuli
and plotted on a semicircular perimeter screen placed
in front of the animal’s eyes at a 1 m distance. The
optic discs and area centralis (AC) were plotted on
the screen [15, 16], and the RF position in the visual
field was referenced to the AC. For determination
of approximate locations of the RFs (hand-plot), we
used manually presented stimuli. Then, as a first step,
the extent of single-neuron RF borders was carefully
tested by presentation of stationary flashing light
spots (0.5-1.0 deg) positioned consecutively side-by-
side (test-subfields) within the hand-plotted RF area.
The same procedure was repeated using dark flashing
spots (0.5-1.0 deg). The lengths of the RF HA and VA
were accurately measured. Then, some moving visual
stimuli (spots, bars, and slits of different sizes and
contrasts) were applied (speed of motion 20 deg/sec),
and the lengths of RF axes under investigation were
again defined by extrapolation from the spatiotemporal
pattern of neuronal responses (PSTHs).

The values of the contrast for light and dark stimuli
against the background were kept constant with the
contrast defined as (Lmax — Lmin)/(Lmax + Lmin),
where Lmax and Lmin are the maximum and minimum
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luminances, respectively. The bright stimuli were 15 Ix
against an 1 1x background, while dark stimuli were,
conversely, 1 Ix against the 15 Ix background.

In some cases, successful recording points were
coagulated, and this was followed by perfusion of the
animal with a 10% formalin solution. The electrode
track was reconstructed after examination of 50-pum-
thick histological frontal sections.

RESULTS

Response patterns of 54 visually driven neurons were
recorded in the extrastriate area 21a of the cat cortex.
The spatial dimensions and qualitative characteristics
of RFs were determined and explored in detail by
careful mapping of the stationary spatial structure of
the neuronal RFs and by recording averaged PSTHs in
response to presentation of stationary flashing spots
positioned side-by-side (test-subfields) within the
hand-plotted RF borders. The moving stimuli were
applied mainly at horizontal and vertical orientations
of motion, taking into account that these orientations
are most effective in visual perception. Among 54
investigated neurons, 21 units had a homogenous RF
stationary structure with the same type of response
patterns to the flashing light spot (“off”, “on” or “on-
off”’) positioned in the RF test-subfields. As a first step,
these neurons were selected for further investigation.
In Fig. 1A, responses of a neuron to the stationary
flashing bright spot (1 deg) are shown. As is seen in
this panel, the neuron generated off responses to the
light spot positioned in the RF test-subfields (Fig. 1A,
1-4). The dimensions of the “classical” RF (CRF) are
2 deg along the HA and 2 deg along the VA (Fig. 1A,
5, 6). Spatial scanning of the same RF was provided at
different levels of the RF VA by horizontally moving
bright and dark spots. In Fig. 1B, 1-8, the response
patterns of the neuron evoked by the bright spot (1 deg)
moving horizontally with 1 deg steps at consecutive
VA levels of the RF are shown. The lengths of RF HA
were measured on the basis of the response profiles
at consecutive VA levels of stimulus motion. As is
seen in Fig. 1C, 1, 2, significant extensions of the HA
lengths were observed at both rightward (22.5 and
17.5 deg) and leftward (13.7 and 3.7 deg) directions
of motion when the moving stimulus crossed central
regions of the RF, while upper and lower RF borders
tested by the same stimulus were unresponsive
(Fig. 1B, 1, 4, 5, 8). Thus, the RF HA was manifold
elongated, while the VA remained about 2 deg long,
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F i g. 1. Properties of the static receptive field and response
patterns of a neuron at presentation of a moving bright spot
along parallel paths over the receptive field (RF). A, 1-4)
responses of the neuron to the stationary flashing bright spot
(1 deg) positioned in the RF test-fields (5); filled circles
indicate “off” responses (6). Open bar under histograms
indicates the “on” phase of the flash, the bright spot (1 deg)
was applied at different levels with (1-deg steps) of the RF
vertical axis. B, responses to rightward movements (1-4), B,
those to leftward movements of the stimulus (5-8). C, 1, 2)
lengths of the RF horizontal axes estimated at rightward and
leftward motions of the bright spot. C, 3) plot of the direction
sensitivity index (DSI) at consecutive paths of the stimulus
movement across the RF. Explanations are the same for all
subsequent figures.

P u c. 1. BractuBocrti ctarnaHoro penentuBHOro mois (PIT)
Ta maTepHiB BiANOBiIEH HEHPOHA Ha PyX ACKPABOi IUIIMH 110
rnapasesbHuX MapupyTax yepe3 PIT.

7 /
1deg F i g. 2. Response patterns of the neuron shown in

Fig.1 to the movements of a dark spot along parallel
paths over the receptive field. A, 1-10) response
patterns (PSTHs) of the neuron to the horizontally
moving dark spot (1 deg) at consecutive levels of RF
vertical axis. A, 1-5) rightward movements, 6-10)
leftward movements. B, 1,2) lengths estimated of the
RF horizontal axes at the rightward (1) and leftward
(2) movements of the dark spot along the paths
presented in A, 1-10. B, 3) Plots of the direction
sensitivity index (DSI) at each parallel path of the
stimulus motion (numbers under the plot).

P u c. 2. IlarepHu BiAmoBimeld TOro * CaMoTo

HelipoHa, 110 i Ha puc. 1, Ha pyX TEMHOI IUISIMU 110
napaje/bHUX MapuIpyTax 4epes3 pelelnTUBHE MOJI€.
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as compared with the magnitude defined previously
by means of the stationary flashing spot. In addition,
the response patterns of this neuron revealed a high
degree of the direction sensitivity index (Fig. 1C, 3).
Spatial scanning at consecutive levels of the RF VA of
the same neuron was performed using a horizontally
moving stimulus of the opposite contrast (dark 1-deg
spot). As is seen in Fig. 2A, 1-10, negligible changes
in the VA length (1.5 deg) were observed. At the
same time, at the horizontal orientation, especially in
the case of the preferred direction of stimulus motion,

the HA expansion through the RF central regions
reached a 29.7 deg magnitude (Fig. 2B, 1, 2). The
clear-cut pattern emerged from the above results was
that the VA of the RF did not expand at the horizontal
orientation of visual stimulus motion.

As a next step, the neuronal RFs were scanned
by a moving visual stimulus at the vertical motion
orientation, to find out whether the RF HA undergoes
some modulation at application of vertically moving
visual stimuli. The RF stationary spatial structure
of another neuron of this group is shown in Fig. 3.
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patterns to presentation of the flashing bright
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(7, 8). B, 1-4) Response patterns to the
movement of the bright spot (2 deg) along
the horizontal (1, 2) and vertical (3, 4) axes
of the RF; 5-8) responses of the same neuron
to the movement of a dark spot (2 deg) along
the horizontal (5, 6) and vertical (7, 8) axes
of the RF. C, 1-4) Plots of the RF horizontal
(1, 2) and vertical (3, 4) axis lengths measured
for each orientation and direction of stimulus
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motion (shown by arrows). C, 5, 6) Plots of the
direction sensitivity index at horizontal (5)
and vertical (6) movements of visual stimuli
across the RF.

P u c. 3. CranionapHa CTpyKTypa perenTHB-
soro nons (PIT) ta narepHiB Bianosinei Heil-
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The neuron revealed off response patterns from each
test subfield (Fig. 3A, 1-6); thus, the stationary
structure of the RF was homogenous off with the
6-deg HA length and 4-deg VA length (Fig. 3A, 7, 8).
At application of a bright 2 deg spot moving along the
RF HA, a direction-sensitive pattern of the response
(Fig. 3B, 1, 2) with a high degree of DI (Fig. 3C, 5)
was observed. At stimulus motion in the preferred
direction, a substantial HA expansion was observed
(Fig. 3C, 1). The motion of the same bright spot at
the vertical orientation along the VA induced AP
bursts at the upward direction of motion (preferred)
and weaker responses at the downward motion of
the bright spot (Fig. 3B, 3, 4). The RF VA also was
manifold expanded (Fig. 3C, 3, 4). Application of a
visual stimulus of opposite contrast (dark 2 deg spot)
moving along the HA resulted in expansion of the HA
in the preferred direction (Fig. 3B, 5, 6). The motion
of the dark spot at vertical orientation resulted in
expansions of the VA both at the upward (Fig. 3B, 7,
C3) and downward directions of motion (Fig. 3B, 8§,

$2 deg

C4), revealing a high degree of the DSI (Fig. 3C, 5, 6).
Then, the length of the RF horizontal axis was defined
by vertically moving stimuli at spatial scanning of the
RF along the HA at 1-deg step motion perpendicular to
the RF HA (Fig. 4A). Significant extension of the RF
VA was observed at the upward (preferred) direction
of motion. As is shown in Fig. 4A, 1-12, B1, 2, the
VA lengths measured along the consecutive stimulus
motion trajectories across the RF exceeded manifold
that of the stationary RF VA length measured by means
of the stationary flashing spot, while the RF HA length
remained near the tentative values based on the RF HA
length measured by the stationary flashing spot.

In Fig. 5, vertical motion with the opposite contrast
of the moving stimulus (dark 2-deg spot) is shown for
spatial scanning of the RF perpendicularly to the RF
HA. As is seen in Fig. 5A, 1-10, a substantial extension
of the VA occurred, especially at the preferred upward
direction of dark spot motion (Fig. 5B, 1, 2). However,
the length of the RF HA did not exceed the value of
about 6 deg. Thus, dynamic changes of the RF sizes
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F i g. 4. Response patterns of the neuron to the movement of a bright spot vertically (perpendicularly to the RF horizontal axis) at consecu-
tive steps over the RF. A, 1-6) Response patterns to the upward movement of the bright spot (2 deg) by 2 deg steps crossing the RF horizon-
tal axis. A, 7-12) Response patterns to the downward movement of the bright spot. Arrows indicate the path of stimulus movement. B, 1,
2) Lengths of the receptive field VA estimated at consecutive steps (2 deg) along of RF horizontal axis at upward (B, 1) and downward (B,
2) movements of the bright spot. B, 3) Plot of the direction sensitivity index (DSI) for each consecutive path of the bright spot movement

(numbers under the plot).

P u c. 4. [Tatepuu BinoBieH HelipoHa HA BEPTHKAJIbHI PyXH SICKPaBOi IIISIMHU (TIEPIICHANKYIISIPHO TOPU30HTANBHII 0CI pELENTUBHOTO ITOJIS)

3 MOCTIIOBHUM 3MIIIEHHSIM TPAEKTOPII.
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were quite evident along two vertical trajectories
of the moving stimulus, while the HA parameters
remained practically unchanged. Generally, all neurons
of this group with the homogenous structures of their
RFs demonstrated similar characteristics of RF size
modulation at application of moving visual stimuli.
Differences were related mainly to the quantitative
aspects of individual response patterns of certain
neurons.

DISCUSSION

Modifications of the neuronal RF sizes in the primary
visual cortex were investigated earlier [17-21], and
the importance of influences coming from the RF
surrounding were outlined as a main source of the
observed RF size changes. We have provided further
investigation of the problem trying to find out whether
the dynamics of visually sensitive neuron RF sizes is
a general phenomenon, and whether application of
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moving stimuli along certain orientation of the RF axis
evokes simultaneous RF size expansions involving
all orientations of the RF axes. Our experimental
results showed that dynamic changes in the RF
spatial dimensions of visually sensitive neurons in the
extrastriate area 21a having a homogenous structure of
the stationary RF occur mainly at a certain trajectory
of motion of the applied visual stimulus across the
RF. One may infer that, along the path of motion,
the visual stimulus causes excitation of surrounding
neurons of the RF environment, especially of those
having horizontal intracortical connections with the
cells localized along the track of stimulus motion;
these cells influence the neuron under investigation. It
may be concluded that a visual stimulus, in the course
of its motion along the trajectory, excites neighboring
neurons of the RF environment, especially those with
intracortical horizontal connections. Besides, it also
cannot be ruled out that feedback influences on the
cortical neuron are activated by the applied visual
stimulus [22, 23]. Thus, it is obvious that adjacent
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neuronal circuits, similarly to those in the primary
visual cortex, play in the extrastriate cortical area
21a a decisive role in modulation of the qualitative
and quantitative characteristics of neuronal RFs in
the course of central processing of incoming visual
information. Our data suggest that excitation of
neuronal circuits outside the neuronal RF is strongly
determined by the trajectory of a moving visual
image, thus ensuring more specialized diversification
at central processing of incoming visual information
concerning the precise perception of the shape, size,
and direction of motion of percepted images.

All experimental procedures involving animals were
approved by the Ethical Commission at the Yerevan State
Medical University and corresponded to the international
standards.
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M. K. Xausanksan!, A. JI. Fazapan!, b. A. Apymionsn-Kozax!,
M. M. Momoxcan!, X. P. Achansan’

PO3HIMPEHHS PELEIITUBHUX ITOJIIB Y
EKCTPACTPIATHIM 30POBI KOPI: SHAUEHH
TPAEKTOPII CTUMVITY, 11O PYXAETHCS

"THctutyT npukiaauux npodiem ¢isukun HAH Bipwmenii,
€pesan (Bipmenis).

Pesowme

3aKOHOMIPHOCTI IPOCTOPOBOTO PO3MINPEHHS PEIENTUBHUX I10-
nis (PII) mpu npen’siBneHHI Bi3yanbHUX 00pasiB, MO pPyXalOTh-
¢, TOCTIIKyBalll Ha eKCTpacTpiaTHIN 30poBilt Kopi KoTa (Toie
21a). Bexnmunna Ta npoctoposa indpacTpykrypa PII 30poBouyT-
JIMBHUX HEHPOHIB CIIOYATKY BU3HAUAINCS MPEN SIBICHHSIM CTalli-
OHAPHHUX CTUMYIIB, IO CIIAJIAXyIOTh; IIPH I[bOMY BH3HAYaJIH TO-
pusoHTanbHi Ta BepTuKanbHi oci ('O Ta BO Binmosixno) PII.
[ToTiM TOYHO BHMIipIOBaH JOBXHHY BKa3aHHUX Oceil, BUKOpHUC-
TOBYIOUH IPOCTOpPOBe cKaHyBaHHS PII Bi3yanbHUMH cTHUMYyJa-
MH, 1[0 PyXaloThcs. Byno BusBIEHO, MO AWHAMIYHE 301IbIIEH-
usa BexuwuuH PII Gymo, sk mpaBmiio, moB’si3aHe 3 TPAEKTOPIEIO
pyxy ctumyny uepe3 PII. Pyx crumyny B3nosx I'O PII 3ymos-
JIIOBAB ICTOTHE 30LILIIEHHS TOBXKHMHH Ii€l 0Ci, ajle HEe JOBXKUHHI
BO; B Toli xe yac pyx ctumyiy B3gosx BO PII 3Buuaiino Bu-
KJINKaB «PO3TATYBAaHHS» TIIBKY AaHOi oci, Toxai sik ['O 3a3HaBa-
nma MiHiManbHUX 3MiH. OTpuMaHi pe3ynbTaTH BKa3ylOTh Ha Te,
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o npocropose posmupenHs PII xopentoe Hacammepen i3 Tpa-
exkTopiero pyxy crumyny uepes PII. Takuii edekr, Biporinso,
3yMOBIICHUH 30yKEHHSIM A0CIII)KYBaHOTO HEHPOHA MiJ BIUIH-
BOM KOPTHKaJIbHUX HEHPOHHUX MEPEXK, PO3TAIIOBAHUX I10OIU3Y
uiei krituan. OTXe, HEHPOHHI Mepexi, JokanizoBani mosa PII,
BiAIrpaloTh BUPIMIAIBHY POJIb Y MOAYJSLIT AKICHUX Ta KIJIbKiC-
HHUX XapakTepucTUK kiacuuHux PII, 3a0e3neuyrodn TakKUM 4H-
HOM TOYHIIIY LHEHTpalIbHy 00pOoOKYy Bi3yanbHOI iHpopMmamii, mo
HaJIXO/HUTh.
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