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Neuronal Connection of the Cortex and Reconstruction
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The distributions of retrograde labeled cells in fields 17 and 18 and the fields 17/18 transitional zone were
studied in both hemispheres of cats after microiontophoretic administration of horseradish peroxidase into
individual cortical columns in fields 17, 18, 19, and 21a. The clustered organization of the internal con-
nections of the cortical fields, the asymmetrical locations of labeled callosal cells relative to the injected
columns, and the defined distribution of labeled cells in layers A of the lateral geniculate body suggested
that eye-specific neuronal connections support “binding” of the visual hemifields separately for each eye.
Application of marker to columns in fields 19 or 21a demonstrated disparate inputs from fields 17 and 18
and the fields 17/18 transitional zone. It is suggested that these connections may support the extraction of
loci and stereoscopic boundaries located in the central sectors of the visual space.

KEY WORDS: cat, fields 17 and 18, cortical column, internal, interhemisphere, and disparate connections,
horseradish peroxidase.

The visible space is reflected on the retinas accordingin the surroundings of object 3 is also only possible with
to the laws of geometrical optics. The point-by-point pro- interhemisphere connections between the inputs from the
jection of the retina creates a screen representation of thewo eyes.
visual picture in the primary projection fields of the cortex, Complete overlapping of fibers in the optic chiasma is
where its reconstruction starts. However, the representatiorseen in some animals with frontally positioned eyes, such as
of the visual space in the cortex and the neuronal connecSiamese cats (FigblL In this case, each hemisphere of the
tions supporting its reconstruction depend on the anatomibrain receives inputs from only one eye, though they cover
cal organization of the visual system. the entire field of vision. Since the fields of vision of the

In ungulates and fish, the two eyes pointing to different eyes overlap, these animals are capable of stereoscopic
sides support panoramic vision. The scheme of visual provision. This requires the formation of binocular neurons
jections to the cortex in animals with laterally located eyesreceiving inputs from both eyes, and this is only possible
is shown in Fig. & The visual space contains five objects, with interhemisphere connections. This is known to occur
identified by numbers, but only one of these (object 3) isnot in fields 17 or 18, where neurons have small receptive
seen by the animal with both eyes. The complete overlapfields, but in the associative fields of the cortex, which are
ping of fibers in the visual chiasma has the result that thecharacterized by large receptive fields [13, 26].
left hemisphere receives inputs only from the right eye, In higher mammals (particularly predators and
while the right hemisphere receives inputs only from the humans), the frontal positioning of the eyes is associated with
left eye. Thus, one half of the field of vision is represented partial overlapping of fibers in the visual chiasma (F. 1
in each hemisphere, and via only one eye. Reconstruction oFibers from the nasal half of the retina pass to the con-
the integrity of objects projected in both hemispherestralateral hemisphere, while those from the temporal half
requires interhemisphere connections. Assessment of depthass to the ipsilateral hemisphere. The result of this distri-

bution of pathways is that each hemisphere of the brain con-
I. P. Pavlov Institute of Physiology, Russian Academy of tains the representation of only the contralateral half of the
Sciences, 6 Makarov Bank, 199034 St. Petersburg, Russia. field of vision, though from both eyes. It is apparent that
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Fig. 1. Diggram of the pojections of objects 1-5 in the visual arof the left andight hemisphegs in animals with terally positioned
eyes and complete assing of ibers in the optic hiasma &), with frontally locaed e/es and complete @ssing of ibers in the optic hi-

asma ), and fontally positioned ges with patial crossing of ibers in the optic hiasma ¢).

combindion of the inputs om the two eyes,i.e., the for-
mation of binocular newns, can in this case occuryb
means of inehemisphe¥ connections. Heever, the pob-
lem of connecting the twhales of the itld of vision ais-
es, as thg are locded in diferent hemisphes. As the
bounday a which the hales of the ield of vision ae
joined passes thugh the mne of maximal visual acuity
interhemispher “binding” must be eliable and accuate.
Thus, the main task Wich needs to beesolhed for us to
undestand the mdwanism of econstuction of the visual
space in the ctex of these animals is idertiétion of the

structure of the connections beéen the dur visual péh-
ways connecting the twretinas to the to hemisphegs.

METHODS

Studies vere perbrmed on 30 adult ¢a weighing
3.0-3.5 kg Connections wre studied using heerdish
peroxidase (HRP)which is subject toetrograde tanspot.
HRP was gplied to indvidual columns of newns in felds
17,18,19,and 21a of the ctex. The HRP aplicaion zone
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Fig. 2. Gouping of feld 17 cells sensing axons to an indual cotical columns initld 17 in a ca a—d) Plan
view of the cofical surfaice onto wich the cells in sudce Ilgers ae pojected; cosses she the injected cel
umn; e) suggested loctons of dusters on a mp of cotical neuons in tems of ofentaional peference andye
dominance [15]. Linesunning \ettically shav isooiientéion areas of the cdéex; CE and IE sho zones dom

inated by the conta- and ipsilteral eyes espectiely.

diameter vas up to 200—-300m, which coresponds to the
size of one or tw oilientaion columns; in ay case zones
were within a single ye-dominance column [912].
Peroxidase vas goplied micoionophoetically to the vhole
depth of the caex, pempendicular to its suaice (kg. 3a, b).
The skull vas tepannedthe dua mder was openedand

microiontophoesis were perbrmed under anesthesia

(Calypsol or Nemhtal, 40 mg/kgi.m.).

Peroxidase (Boehnger) was used as an 8% solution in

potassium phosplatuffer (pH 6.2) containing 0.1 M NaCl.
An enzyme-lled glass miooelectode was orented per
pendiculaly to the cotical surice and s inseted with a
stepper to a dpth of 1200-150Qum. The micoelectode
was then etracted ly 200-300um and iontophasis vas
performed with a constant cent of +0.5pA for 20 min
(the eference electrde vas dtached wver the other hemi
sphee). After the curent was svitched of, the micoelee
trode was etracted and épt for 10 min & a deth of

600-800um. After 36—48 h,cas were subjected to dee
Nemtutal anesthesia (100 mg/kg) andibs were fixed by
perfusion.The Pllowing day, a cyomicrotome vas used to
cut contiruous sees of frontal bain sections of thkness
50 ym. Reroxidase vas detected as desmrd by Mesulam
[14], after which sections wre countestained with
safranin.The boundar of fields 17 and 18 as identifed by
staining seeral sections lose to the pplicaion zone with
toluidine Hue as desded by Nissl.

The continous seies of bain sections was then
used to econstuct the locions of lebeled cells iniklds
17 and 18 elative to the column &aed with peoxidase
We adiressed the distrution of cells in the tarential
plane paallel to the catical surfice coresponding to the
projection of the ield of vision. In adition, the umbes
of labeled cells in theye-speciic layers A andAl of the
dorsal rudeus of the Igeral geniculae bod/ were identt
fied.
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Fig. 3. Distibution of labeled cells inields 17 and 18 of the teortex after gplicaion of hoserdish peoxidase (HRP)
to a column of newns.a) Locdion of the stugl columns inields 17 and 18p) injected column iniéld 18 and laeled
cells of both hemisphes on a fontal section of the hin;c, d, €) plan viev of the cotical surface on vhich labeled cells
of all layers ae pjected (the distibution of lsbeled cells in the opposite hemisphar supemposed on the disbu-
tion of labeled cells in the injected hemispéeiVhite circles shav labeled cells in the injected hemispaebdack dia-
monds shw labeled cells in the opposite hemispdariosses sha the position of the injected columiZ = fields 17/18
transitional one;f) diagram shaving the elaionship betveen the etinotopic coadinaes of ones of ields 17 and 18 in
one hemispher (left) and the &mnsitional pne of felds 17/18 of the opposite hemisphéight).

RESULTS AND DISCUSSION

The intenal, interhemisphes, and eferent connee
tions of felds 17 and 18 ere studied after@plication of
horseiadish peoxidase to 47 columns inelds 17,18, 19,
and 21larepresenting diferent pats of the visual ild
(from —40 to +10).

Inter nal Connections of kelds 17 and 18.Connee
tions betveen cells in one ctical field formed ty axons not
enteing the vhite mater were regarded as intaral [20].
Previous studies [1] siwed tha the etent of axons fsm
cells suppding the hoizontal connections ofdlds 17 and
18 depend on the daction in vhich they travel. In field 17,
the longest axonsan in the diection coinciding with the pr
jection of the hdrzontal meidian of the feld of vision,while
in field 18,the longest axons accompanied th@jpction of

the \ettical merdian. This coresponds to the anisopy of
the ma@nification factors of these cdical fields for different
melidians of the visualiéld, which in tum ale detemined ty
the distibutions of the etinageniculde inputs [24]Thus,the
microtopayraphy of hoiizontal connections supgorg the
integration of information within the visual hemi#ld is con
cordant with the maatoparaphy of theseiglds.

With the aim of identifying the functional gpeties of
connected caical cells,the intenal stucture of the nnes
containing ldeled cells was studiedCells sending axons to
individual columns ofiélds ae non-unibrmly distributed
within the cotical field. Grouping of cells s most kear
ly evident in the upper igers of the caiex (Fig. 2a—d). Eadh
plot is a plan vier of the fattened suice of feld 17 onto
which the bodies of laeled uppetayer cells ae piojected
Groups of cells (ustes) formed two paallel rows, sepa
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Fig. 4. Diggram of interhemispherconnections ofédlds 18 of the dacor
tex. The similaty organized connections ofdld 17 ae not shwn. Intenal
horizontal connections oidld 18 ae shavn by dotted cicles ony in the
right hemisphes.

rated by a distance oftzout 1200um; the injected columns
of neuons were locded in one of theseows. The 1ows
were ofiented pependiculaly to the boundar of fields
17/18 egardless of theetinotopic coadinates of the ppli-
caion site Clustes forming rows were locded & smaller
distancesi.e., about 800um.

Optical visualizéion of neuonal actvity demonstat-
ed [5,6, 11, 15, 23] tha orientdion and ge-dominance
columns brm regular and peodically repeding patems on
the cotical surfice these beingdrmed ty the isooienta
tion and ge-dominant bands hich intesect & a right
angle Our dda were compaed with the igure pesented in
[15] (Fg. 2e) which shaved the disibution of oientaion
and ge-dominance columnslhis compaison povides
grounds or sugyesting th& horizontal connections link
cells pefering the same @ntaion and haing the same
eye dominanceSimilaity of cells in tems of ony one of
these édures is an insticient condition br the brmation
of hoiizontal connections beten them. Our da (Hg. 2)
indicae thd an indvidual cotical column eceves inputs
from goups of newns flom 6-8 diferent typercolumns
[9]. These connections mauppot the intgration of local
informaion into moe global pecepts, sud as the outlines
at a specikd level of contast.Visuotopic mas [24] shav
tha cental columns mg suppot integration over seeral
degrees of theiéld of vision,while peipheral columns mg
cover moe than 160.
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The sugestion thasome popottion of the cells loca
ed betveen dustess ae also connected to newms in the
columns studied should be notétbwever, since these cen
nections ag not detected with pexidase which is not
transpoted tmans-synptically, these connections ernot
direct hut must be medid by intercalaed inteneumons.
Intemeuons can be actéted ky known [18] inhibitoly
interactions betwen cells prferring different ofentaions
or by cells eceving inputs fom different g/es.This ma be
the basis of imge sgmentdion.

Interhemisphere Connections.The antomical and
functional contimity between the hemisphes and thus,
between the prjections of the visual henmfds,is suppot-
ed by connections via the cous callosum. E& mompho-
logical and neuwrphysiological studies [1021, 25] shaved
tha callosal cells and callosaécipient cells a& locded
close to the boundgrbetween felds 17 and 18 and tha
their receptive fields intesect the ertical merdian or the
areas immeditely adjacent to it. Ma¥ recent studies a
demonstated a tansitional pne between felds 17 and 18,
in which pat of the ipsiléeral visual hemikld is represent
ed [19]. Local aplication of fluorescent stains and agsis
of the locdions of cells etrogradel labeled in the con
tralateral hemispher sheved [16] tha callosal tbers link
mirror-non-symmeical aeas of the caex in the two hemi
sphees,but nonethelessepresenting the mjections of one
and the same plaof the visual ield.

We have also obseed this asymmeyrin the loca
tions of aeas of the tw hemisphegs linked by interhemi
sphee connections afteipplicaion of peoxidase to indi
vidual columns of newns [2,4]. After application to a
column in feld 17 or 18the ony cells ldeled in the con
tralaeral hemisphex were in the tansitional pne
between felds 17 and 18 (§. 3b—d). After application of
pemxidase to columns in theansitional nne cells in
fields 17 and 18 of the comfeteral hemisphex were
labeled (Kg. 3e). Depending on the distance of the inject
ed column fom the tansitional one ther were changes
in the positions of laeled cells in the énsitional nne of
the contalaeral hemisphes. Columns locted far from
the tansitional bne eceved inputs fom goups of cells
in the center of the ansitional pne (kg. 3c). Columns
located dose to the tnsitional one eceved inputs fom
two groups of cells in the ansitional nne (Fg. 3¢). This
labeling pdtem could be seenfen 1) cells connected/b
interhemispher pahways represented the sameear of
the feld of vision,and 2) the tnsitional nne contained
two mimror-symmetical representéions of the ipsilteral
visual hemifeld related to felds 17 and 18This is shavn
in detail in kg. 3f.

However, about a thid of columns loceed in the cal
losal one of felds 17 and 18 did not tea interhemispher
connections. In theansitional pne between felds 17 and
18, all columns had interhemispleeconnectionsThis rais
es the question of lich eye sends inputs to columns with
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Fig. 5. Dispaate inputs of columns iridlds 19 and 21a) Distribution of lebeled cells inilds 17 and
18 and theiélds 17/18 tansitional pne in a chafter detection of heemadish peoxidase in a column
of neuons in feld 21a. r further details see p#on to Kg. 3c—e; b) diagram shaving the connections
of a column of ield 19 (21a) withitld 18 and thei¢lds 17/18 tansitional pne (The similaty orga-
nized connections withidld 17 ae not shan.) The upper parof the digram shas the pojections to
field 18 of two loci (g, b) of the visual space lich may be epresented in this columiVhite circles
shaw cells eceving an input fom the ight eye labeled on a fontal section of the kin; the back rect
angle shwrs a connection medid ty an inteneuon.

interhemispher connections and hich sends input to
columns without interhemispreeconnections.

Neumons of the main input Jeer IV of columns &
known to be monocular [9The rumbes of labeled cells in
the ge-speciic layers A and Al of the lderal geniculde
body were measwed for both types of column iriefld 17
and 18.This sheved tha columns without interhemispleer
connections mduced moe lebeled cells in lger A than in
layer Al (the A/Al ratio was 2.0+ 0.63). Thus, these
columns eceied inputs peferentially from the contalaer-
al eye. The A/AL ratio for columns with interhemispher
connections ws 0.60+ 0.12, shaving tha these columns
receved inputs peferentially from the ipsiléeral eye.

Olavaria [17], working & the same time as @ahes,
shaved tha callosal newns in felds 17 and 18 (outside the
transitional pne) were locded mainy in the dominance
columns of the ipsikeral eye, while callosal newmns of the
transitional pne of felds 17/18 were locded in the domi
nance columns of the coatdaeral efe. Thus, our and
Olavaria’s dda lead to the comgsion tha callosal cells and
cells ieceving callosal inputs in thednsitional bne of felds
17/18 ae associed with visual ptaways ciossing in the lai-
asma and thdhese cells iniélds 17 and 18 (outside thautr
sitional Dne) ae associg@d with non-eerdapping pahways.

The oganizdion of interhemispher connections as
identified hee is shavn in Hg. 4. Eye-speciic interhemi

sphee connectionsxend to those p&s of the catex in
the two hemisphers which receve inputs fom the bnes
of the nasotempail overdap on the etina. In c#s, this
zone is a ettical stip in the tempaal pat of the etina,
with a width of 25 gnglion cellsthese pojecting to the
different hemispheys [18,22]. Interhemispher connee
tions“bind” the pojections of the left visual heniéld of
the ight eye locded in the tvo hemisphegs,as vell as the
projections of the ight visual hemiild of the left ge,
again locded in the tw hemispheags. Thus, the hemi
sphees ae combinedHowever, these connections do not
link the pojections of the left andght visual hemiields
from eat of the ges.

The intenal hoizontal connections of théelds ae,
firstly, eye-specifc, and secondy, extend to the fnsitior
al zone of felds 17/18wher the other visual henidd is
representedThey can theefore piovide further “binding”
of the pojections of the left andght visual hemiklds of
ead eye into a single wole (these connectionseashavn
as dotted lines owlin field 18 of the ight hemispher in
Fig. 4).

Since no subctical input from the ipsiléeral eye to
the tiansitional nne of felds 17/18 is obseed [8],it can
be contuded thain the ight hemisphe, combindion of
the hemisphe&s and combirin of the visual hemiglds is
medided lty cells eceving inputs fom the left ge, while
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these combining opations in the left hemispherae per
formed ly cells eceving inputs fom the ight eye.

Connections Suppoting Stereoscopic Rrception.
At the level of the pimary visual cotex, these connections
are those drming binocular neuns tuned to dierent loci
in the visual spac@ll known types of binocular neons in
the pimary visual cotex shaw both ecitatory and inhibite
ry interactions betwen the inputs ém the tvo eyes [7],
i.e., binocular connections armediged lky inhibitory
intemeuons. These di- and pgbynatic connections can
not be detected with the nkar used hex.

However, studies of the distoution of eferent cells in
fields 17 and 18 sending axons to columnseald$ 19 and
21a shawved dispadte inputs. In this castbeled cells \ere
locaed in felds 17 and 18 of the ipstkral hemisphes,
with a s@arate goup of cells in the ansitional bne
between theseidlds,as vell as in some columns in theutr
sitional ©ne of the opposite hemispbe(Hg. 5a). The
inputs of columns lodad in the tansitional ones of felds
17/18 of the ipsileeral hemisphex in rlaion to the other
identified inputs epresent the other visual hereid
(Fig. 5b). We sugiest thathese input cells arinitially con
nected to the oppositge Otherwisethe monocularacg-
tive field of neuons in felds 19 and 21a euld consist of
two widely sepamted Dnes,a situdgion not suppded ly
neuophysiological dda.

There ae two possile inteppretaion of these da. 1. If
cells corvemging in a column iniéld 19 or 21a & monoe
ular, then the eceving cells in columns wuld be binocular
and as shwn in Hg. 5b, would be tuned to loci within the
Weiss—Muller aga (comergent dispaity). 2. If cells con
verging on a column ar binoculari.e., tuned to loci in the
visual spacgethen pais of a stezoscopic sugce wuld be
represented in columns as asuolt of the intgration of
information relaing to seeral loci of the visual spacé@his

raises a question —hich visual space sector loci can be

represented in those garof fields 17 and 18 containing
input cells br columns inikld 19 and 21aPhese loci vere
found to be lod®d in the centl sectos of the space
around theWeiss—Muller pne These sectgrae shaded in
Fig. 5b. A more detailed angkis of the pojections of the
loci of different sectas of the space in the dex is pre-
sented in [3].

Thus, the initial stges of the econstuction of the
visual space in the c@x can be identiéd on the basis of
data on the topgraphy of direct connections bewen indi
vidual cotical columns.

This stug was suppded by the Russian Funaf Basic
Reseath (Grants Nos. 00-04-49289 and 03-04-48258).
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