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Response patterns of single neurons in the extrastriate arca 21a of the cat cortex to moving
visual stimuli were studied, along with juxtaposition to the structure of their stationary
receptive field. First, the precise mapping of stationary RFs was performed by flashing bright
spots; then, moving visual stimuli of different shapes and sizes with two opposite contrasts
were presented. We found that the majority of investigated neurons with a homogenous
stationary RF organization demonstrate significant differences in their activity profiles
depending on the size, shape, and contrast of the applied moving visual stimulus. The data
obtained support a model in which the RF stationary structure undergoes specific dynamic
changes due to simultaneous activation of the RF surround by the moving visual image; this
provides more accurate incorporation of moving image information in movement detection.
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INTRODUCTION

Visually driven neurons in visually sensitive areas
of the brain have receptive fields (RFs) with distinct
static structures determined by the response patterns
to presentation of stationary visual stimuli [1-3].
Generally, it is accepted that stationary spatial
organization of a neuronal RF predetermines response
patterns of the respective neuron to application of
moving visual stimuli [4-6]. Since these pioneering
observations, the properties of neurons capable
of discriminating the direction of movement were
subjected to numerous studies [7-11]. The property
of neurons in the cat striate cortex to respond
robustly to one direction of stimulus movement and
decrease the activity (in some cases, up to complete
inhibition) to the opposite direction (i.e., to generate
direction-asymmetric responses) was attributed to
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the asymmetries in the spatial locations of the static
on and off subregions within the RF. However,
subsequent observations reported by various authors
showed that, in some cases, the direction selectivity to
moving light and dark bars may be independent of the
spatial arrangement of these subregions within the RF
[12-14].

Our study of neurons of the cat extrastriate area 21a
suggests that there is no strict correlation between the
RF stationary organization and that of the response
patterns to moving visual stimuli. There exists a large
diversity of neuronal activity profiles in response
to the direction of particular stimulus motion that
depend on the shape, size, and contrast of the stimulus
used. In the experiments, an attempt was made to
investigate in detail the precise stationary structure of
the RFs of single neurons in area 21a and the response
patterns to moving visual stimuli of neurons having
a homogenous static structure of their RFs. Our
observations allowed us to suggest that the static RF
structure, as well as motion detection properties of a
visually driven neuron, may undergo certain temporary
modulations dependent on the contrasts, shapes, and
sizes of applied visual stimuli; these modifications
likely provide more complete and accurate processing
of information in the detection of moving images
through visual space.
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METHODS

The method used was described in detail in the
preceding paper [11]. The cats were initially
anaesthetized with alfa-chloralose (60 mg/kg, i. m.),
the tracheostomy and cannulation of the femoral
artery were performed. Throughout the experiment.
anesthesia was maintained by additional doses of
chloralose given i.v. (10-20 mg/kg per hour). The
animal’s head was fixed in a stereotaxic apparatus
(Horsley-Clark, modified for visual research). A piece
of bone (6 x 10 mm) was removed from the skull
above the posterior suprasylvian cortex. The opening
was covered with 3% agar in 0.9% NacCl solution, to
prevent brain pulsations and provide visual control of
electrode penetrations into the cortical area 21a. The
immobility of the animal was achieved by i.m. injection
of the myorelaxant Ditilin (diiodide dicholine ester
of succinic acid, 7 mg/kg). Artificial respiration was
administered at 19 min™!, with the stroke volume of
20 ml/kg body mass. The body temperature was kept
at 38°C with a heating pad. The pupils were dilated
by topical application of 0.1% atropine solution, and
corneas were protected from drying with zero-power
contact lenses. Nictitating membranes were retracted
by instilling Neosynephrine (1%) into the conjunctival
sac. The arterial blood pressure was continuously
monitored and stabilized at 90-100 mm Hg. The ECG
and EEG were continuously monitored throughout the
experiment.

Extracellular recordings of single unit activity
were made by tungsten microelectrodes covered with
vinyl varnish, with an exposed tip of 1-3 um and
impedance of 10-15 MQ. Action potentials (APs) were
conventionally amplified, triggered, and passed to a
digital analyzer for on-line analysis and data storage,
using the poststimulus time histogram (PSTH) mode.
Averaging was achieved by repeating the stimulus
16 times.

The RF borders for each visually responsive cell
were defined by hand-held stimuli and plotted on a
semicircular perimeter screen placed in front of the cat’s
head at the distance of 1 m from the anterior nodal
points of the cat’s eyes. The optic discs and area
centralis (AC) were plotted on the screen [15, 16], and
the RF position within the visual field was referenced
to the AC location. As a first step, the extent of RF
borders was carefully tested by stationary flashing
light spots (0.5°-1°) positioned consecutively side
by side (test zones) within the hand-plotted area of
the RF. Then, the horizontally moving visual stimuli
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(spots, bars, edges, and slits of different sizes and
contrasts) were applied with a 20°/sec speed of the
movement. The direction sensitivity index (DSI)
was calculated from the histograms as follows:
(I -R /R) - 100 where R ~and R are the numbers
of spikes in the responses for the nonpreferred and
preferred directions, respectively. An index of the
contrast specificity (CSI) of a cell was derived from
the following formula: CSI = (XL / ZL + £D) - 100,
where L and D stand for the responses elicited by
light and dark stimuli. An CSI value of 10 or less
means that the cell responds almost exclusively to the
light stimuli, while a value of 90 or more indicates a
strong preference for the dark stimuli. A score of 50
about indicates for nearly equal response strengths to
the light and dark stimuli [17].

Values of the contrast for light and dark stimuli
against the background were kept constant with
the contrast defined as (L, - L_)/(L__+ L ),
where L and L _, are the maximum and minimum
luminances, respectively. The bright stimuli were
15-20 Ix against a 2 1x background, while the dark
stimuli were, conversely, 2 Ix luminance against
15-20 1x of the background. The reflectivity index
of the screen was 0.85; therefore, the ambient
illumination was kept within the mesopic range. This
helped us to maintain a constant contrast sensitivity of
the cells during investigation.

In some cases, coagulation was performed at
the successful recording points followed by a 10%
formalin solution perfusion of the animal. The
electrode track was reconstructed after examination of
about 50-pum-thick histological sections.

RESULTS

Response patterns of individual neurons evoked by
moving visual stimuli were recorded in the extrastriate
area 21a. Special attention was paid to the differences
in response strength (number of evoked APs) and
response duration related to the contrasts, sizes,
shapes, and movement direction of the visual stimuli
applied. Careful mapping and detailed exploration
of the spatial RF structure was provided using a
stationary flashing spot positioned consequently over
the entire RF surface. This procedure enabled us to
determine reliably the precise substructure of the RF
spatial organization. In this study, the neurons with
the homogenous stationary RF structure were selected
to investigate, as a first step, the relationship between
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the neuron’s response pattern to moving stimuli and
that of its stationary RF organization. Among 79
investigated neurons, 18 cells had homogenous RF
stationary structures and responded with the same
pattern to the stationary flashing light spot (on,
off, or on-off) from every tested subfield within the
RF surface. Seven neurons of 18 investigated had
homogenous on-off static RFs. In Fig. 1, responses
of a neuron of this group to stationary flashing light
spot (1°) are shown. As can be seen from panels 1 and
2, the neuron responded from each spatial subfield
of the RF to both light “on” and light “off” of the
flashing light spot. Thus, the RF had a homogenous
“on-off” structure, and it seemed predictable that
stimulus contrast reversal will not lead to significant
differences in the activity profiles of the neuron to
moving bright or dark visual stimuli. However, when
the cell was tested by moving stimuli of two opposite
contrasts (i.e., bright and dark spots), the neuronal
response profiles differed significantly from each
other depending on the stimulus contrast used. The
bright spot (3°) movement across the RF horizontal
axis elicited a unidirectional (DSI = 100) response
pattern with the preferred direction from left to right
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Fig. 1. Averaged responses of a neuron in extrastriate are 21a to the
stationary flashing bright spot. A1, 2) Poststimulus time histograms
(PSTHs) of responses of the neuron to the stationary bright spot (1°)
positioned in the test fields of RF. B1, 2) Frequencies (sec ') number
of evoked discharges(proportional to the number of spikes) at flash-
on (open columns) and flash-off (field columns). B3, 4) Positions
of test fields (3) and functional organization of the RF (4). Open
symbols indicate in A the “on” phase of the stationary flashing spot,
filled ones indicate the off phase, and half-filled symbols in B 4
indicate the on-off pattern of the response.

P u c. 1. Ycepenueni Bianosiai HelipoHa ekcrpacTpiatHoi 30U 21a
Ha Npe/’ BICHHS CTAalliOHAPHUX SCKPABHX IUISM, 1[0 CHAIAaXyHTh.
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(Fig. 2A, 1,2). The reversal of the stimulus contrast to
opposite one, on the other hand, led to a significant
decrement of DSI (DSI = 28.5), with remarkable
suppression of the response strength compared to that
evoked by a bright moving stimulus (Fig. 2B, 1,2). This
is clearly seen in Fig. 2C, 1,2, where these responses
are juxtaposed quantitatively. Significant differences
existed also in the duration of the responses evoked
by moving a bright spot and its reversed contrast,
a dark spot (Fig. 2C, 3,4). When the magnitudes of
the moving visual stimuli were changed to 8°, which
inevitably led to excitation of the RF surround for the
bright, as well as for the dark, moving stimuli, the
intensity of responses increased (Fig. 3A, 1,2, B, 1,2).
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Fig. 2. Response patterns of the neuron to moving visual stimuli of
two opposite contrasts. Al, 2) PSTHs of neuronal responses to the
bright spot (3°) moving across the horizontal axis of the RF. B1, 2)
PSTHs of the neuronal responses to the moving dark spot. C1, 2)
Spike frequency (sec™!) in the neuronal responses evoked by the
moving bright (open columns) and dark (filled columns) spots.
C3,4) Durations of the response measured for bright and dark moving
stimuli. Arrows indicate the direction of stimulus motion. Open and
filled symbols indicate bright and dark stimuli, respectively. Other
explanations are analogous to those for Fig. 1.

P u c. 2. Ipodini BigmoBsineit HelipoHa Ha Mpex IBICHHS PYXJIUBUX
Bi3yaJIbHUX CTHMYIIIB 3 JBOMA MIPOTHJICKHUMHU KOHTPACTAMH.
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Fi g. 3. Profiles of neuronal responses to moving bright and dark
spots of the 8° magnitude. Designations are analogous to those for
Fig. 2.

P u c. 3. IIpodini Bigmosixei HelipoHa Ha pe] IBIEHHS PyXJIUBUX
SICKpaBUX Ta TEMHUX CTUMYIIIB pO3MipoM 8°.

Thus, response facilitation, most likely, results from
excitation of the surrounding RF visual space and
integration of the neighboring neurons into the overall
output. Furthermore, as illustrated in Fig. 3A, 1,2, the
light spot elicited a bimodal response pattern with two
discharge peaks related to two opposite directions of
the movement, with the preferred direction from left
to right (DSI = 55.2). Therefore, spatial restructuring
of the RF (appearance of two discharge centers) is
evident in this case. The response pattern evoked by
8° dark spot movement corresponded to monomodal
responses (single discharge centre), but with the same
preferred direction, rightward (DSI = 40.7) (Fig. 3B,
1,2). However, there were some differences in the
number of evoked APs and in the response duration
(Fig. 3C, 1-4) between the response patterns evoked
by the same stimuli, but of two opposite contrasts.

NEUROPHYSIOLOGY / HEUPO®U3UOIOTUSA.—2014.—T. 46, No 1

A
)
—_| X -
~
2
Iltllllllll I'I'Illl'l'lll'l
B
)
— lX -
N
1 2
LI B B | L B LI B LI B B )
I—Il-l ) IZSSec . I I
L) 500 1
C T

80 3¥.° >
60

1 40 2 —
20 4T “““ oo R
0 0 200 400 600 8001000 msec

F i g. 4. Profiles of neuronal responses to moving bright and dark
rectangles. Designations are analogous to those for Figs. 2 and 3.

P u c. 4. [Ipodini BignoBige# HeilpoHa HA Ipe’ IBICHHS PYXJIUBUX
ACKpaBUX Ta TEMHHUX HpﬂMOKyTHHKiB.

We next attempted to learn if the shape of the
moving stimuli affects the directional asymmetry
patterns of the neuron responses. In Fig. 4A, 1-2,
B, 1,2, responses of the same neuron to moving of
the bars 2° x 10° with two opposite contrasts are
illustrated. The moving bright bar crossing the RF
along its horizontal axis evoked bimodal discharges
at a rightward direction, which is also the preferred
direction (DSI = 82.4), compared to a significantly
lower number of APs evoked at the opposite direction
of motion (Fig. 4A, 1,2). The reversal of the stimulus
contrast (dark bar) led to the change of the preferred
direction (DSI = 64.0), which in this case became
leftward (Fig. 4B, 1,2). Taking into account that the
RF spatial structure corresponds to homogenous on-
off one, these modifications of the neuronal activity
profile may indicate a probable temporary restructuring
of the RF spatial organization. The comparison of the
numbers of spikes evoked by the moving bright and
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F i g. 5. Profiles of direction-sensitive asymmetric neuronal
responses to moving bright and dark slits. Designations are
analogous to those for Figs. 2-4.

P u c. 5. TIpodini uyTaMBUX 10 HANPAMKY PyXy aCHMETPUYHHX
BiANOBinell HellpoHa Ha TNpen’sBICHHA PYXJIUBHX SICKPaBUX Ta
TEMHUX LI1JINH.

dark rectangles (Fig. 4C, 1,2) confirmed the above-
mentioned hypothesis. Furthermore, a moving light
1°-wide slit covering the entire vertical meridian
of the visual field evoked bimodal responses of the
neuron at the rightward direction of motion (preferred
direction, DSI = 81) and a monomodal pattern of
the discharge distribution at the opposite direction
(null direction) of the movement (Fig. 5A, 1,2). The
moving dark slit of the same parameters significantly
suppressed the discharge activity of the neuron
eliciting responses of almost negligible number of
discharges at two opposite directions of motion (DSI =
34.6) (Fig. 5B, 1,2). The prevalence of the white slit-
evoked discharges compared to those to the dark one
is clearly seen in Fig. 5C, 1-4, where the number of
evoked spikes and the response duration are presented.
Thus, the surround influences coming from the visual
space outside of the neuron’s stationary RF eventually
exert certain diversified modulatory effects on the
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Fig. 6. Profiles of neuronal response to moving edges. Designations
are analogous to those for Figs. 2-5.

P u c. 6. Ilpodim BigmoBinell HelpoHA HAa PYXJIMBI MEXKi MiXK
SCKPABHM Ta TCMHHM ITOJISIMH.

mechanisms of information processing of the neuron
under investigation.

To address this possibility, a moving edge was
used, so that the rightward direction of the movement
provided lightening of the whole visual field, and
the leftward motion darkend it. As is seen in Fig.
6A, 1,2, the moving edge evoked direction-specific
asymmetric responses (DSI = 72.5) of the neuron, with
the preferred direction from right to left. The opposite
direction of the edge motion (rightward) evoked weak
responses of the cell (null direction). The same neuron
responded also with direction-sensitive asymmetric
responses (DSI = 94.3) when the edge moved from left
to right and darkened the RF. In this case, the preferred
direction was from left to right (Fig. 6B, 1,2), i.e.,
opposite to the previous one (Fig. 6A, 1,2). In
Fig. 7A, B, the variability of DSI and CSI are presented
graphically in relation to the applied stimulus type
and contrast. As is seen in Fig. 7A-C, even though the
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C Fi g. 7. Dynamics of the direction
sensitivity index (DSI) and contrast
specificity index (CSI) in relation
to the sizes and shapes of applied
visual stimuli. A, B) Distribution of
the DSI for bright (A) and dark (B)
moving visual stimuli of different
sizes and shapes. C) Distribution of
the CSI for moving visual stimuli of
different sizes and shapes (shown
under the plots).
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stationary RF structure of the neuron is homogenous
on-off, the RF activity profiles of neuron responses
are significantly different from each other relative to
the magnitudes, shapes, and contrasts of the applied
stimuli. The majority of investigated neurons (n = 15)
with the homogenous RF stationary structure revealed
substantial diversification and variability of the
responses to moving visual stimuli, depending of the
type and contrast of the applied stimuli.

DISCUSSION

The results of the experiments described above indicate
that, in the extrastriate cortex of the cat, the response
patterns of visually driven cortical neurons concerning
detection of the movement direction are variable and
may undergo dynamic changes at the contrast reversal
of the visual stimuli used, as well as depending on the
stimulus size and shape. The data presented confirm
our earlier observations concerning the dynamic nature
of the stationary subfield organization of neuronal
RFs [14]. It was shown that the direction asymmetry
in the neuronal response patterns is realized by a
mechanism whose operation is largely dependent on
dynamic qualitative and quantitative changes in the
arrangement of subregions encountering the visual
stimuli, as they move over the RF surface. Generally, it
is accepted that central transformation and processing
of sensory information describing the nature of the
visual stimulus is resolved by a single neuron in
conjunction with the synchronized activity of neuronal
ensembles [13, 18-21]. According to a proposal by
Mclllwain and colleagues [22] confirmed later by a
group of the authors [23-25], the observed RF/surround
interactions between separate RFs indicate that the
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IHIGKCY — CHeHU(IYHOCTI  MI0NO0
KOHTpAcTy 3aJIeXHO BiJ PO3MipiB
Ta (OPMH BI3yaJIbHUX CTHMYJIB,
110 Hpe/ BISIOTHCS.

probability of functional interconnections between
neighboring neurons is quite high. Thus, eventually
mutual interactions among synchronously activated
neighboring groups of the neurons may become highly
important and effective in modulating the stationary
structure of the RF, resulting in diversified compound
processing of information concerning visual images.
The results of the above-described experiments suggest
that the cortical area 21a seems to be specifically
involved in the analysis of visual image properties,
such as object shapes, magnitudes, and direction of
the image motion.

All experimental procedures were approved by the Ethics
Commission at the Yerevan State Medical University and
correspond to internationally accepted ethical principles for
scientific experiments on vertebrate animals.
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3JIATHICTD JIO JIETEKIII PYXY TA CTPYKTVYPA
CTALIOHAPHUX PELEINTUBHUX ITOJIB HOOJUHO-
KUX HEMPOHIB EKCTPACTPIATHOTO ITOJIS 21a KOPU
KOTA

'THerutyT npukinagHux npobiaem ¢izukun HAH Bipmenil,
€pesan (Bipmenisn).

2 lepxanuit yniBepcuret Paiit, [leiiton, Oraiio (CIIA).
Peswome

JocnigkyBanyu maTrepHU BiANOBiJeH MOOAMHOKMX HEHPOHIB

eKkcTpacTpiaTHOro mossi 21a KOpH BEJIMKHX IMIBKYJIb KOTA Ha
npena’siBICHHS PYyXJIHBUX Bi3yaJdbHUX CTUMYIIB, OQJHOYACHO Oe-
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pyuHd A0 yBaru CTPYKTYpY CTalliOHAPHUX PELENTHBHHUX IOJIB
(PIT) nux meliponiB. CmoyaTKy BUKOHYBAJIM MpeIU3iliHEe KapTy-
BaHHA cTtauionapHux PII 3a momomororo mpen’sBICHHS sicKpa-
BUX IUISIM, IIO CMalaxyBald; MiCas LbOTO Mpea’ IBISIN PYXIUBL
Bi3yaJbHi CTUMYIH pi3HUX (OPM Ta PO3MIipiB 3 JBOMA IPOTHU-
JeKHUMH KOHTpAcTaMH. 3HauHa OUTBIIICTH JOCHIIKCHUX HEH-
POHIB i3 TOMOTEHHOIO opranizaniero crtanionapaux PI1 gemon-
CTpYBaJM iCTOTHO BiAMiHHI Mpo(ini aKTUBHOCTI, 3aJI€KHI Big
BEJIMYUHHU, QOPMHU Ta KOHTPACTY PYXJIUBUX 30POBUX CTHMYIIIB,
mo npexn’ aasnucsa. OTpuMaHi 1aHi y3TOMKYIOTHCSA 3 MOAEIIIIO,
B paMKax sAKoi ctaumioHapHa cTpykrypa PII mignaerscs crmemnu-
(iuHEM AMHAMIYHEM MoIU]iKaliaM 3aBAsSKH OAHOYACHIN aKTH-
Banii otouenHs PII mix niero pyxamBoro BizyanbHOTo 00pasy. Lle
3a0e3meuye TOYHILIE 3aly4eHHs iHpopmanii mono pyxy 300-
paXKEHHS J0 MPOLECY JETEKLil TaKoro pyxy.
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