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Structural-Metabolic Organization of Field 4 of the Cat Brain in
Normal Conditions and after Unilateral Enucleation of the Eye
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Comparative data on the structural-metabolic organization of field 4 of the cat brain in normal conditions
and after unilateral enucleation of the eye are presented. Cytochrome oxidase was detected histochemi-
cally. Data were processed by a computerized method using an original video capture system. Data were
obtained demonstrating the uneven distribution of enzyme along sublayer IlIb of field 4 in animals with
unilateral enucleation. A hypothesis based on published data is suggested whereby the alternation of high-
and low-reactive areas is evidence for the ordering of the retinal representations of the right and left eyes
in the sensorimotor cortex.

KEY WORDS: sensorimotor cortex, field 4, structural-metabolic organization, unilateral enucleation of the eye,
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The thalamofrontal associative system plays a specialide evidence that cytochrome oxidase (CO), an endoge-
role in the organization of behavioral responses to sensorynous marker of functional activity in neurons, allows the
stimuli; in carnivores, this system includes the sensorimo-spatial ordering of the representation zone of a receptor
tor cortex (SMC), including field 4 [2]. One of the tasks of surface to be observed at different levels of the brain both
sensorimotor interactions at the level of the SMC is thein intact animals (barrels, barreloids in the somatosensory
organization of visually controlled movements. A key point system of rodents) and after lesioning or stimulation. In
in the development of our understanding of the perfor- particular, unilateral enucleation of the eye and unilateral
mance of these movements consists of studies of the strucuturing of the eyelids in monkeys and cats are followed by
ture of visual inputs into the SMC [4, 7, 8]. Observation of morphofunctional rearrangements, detectable by staining
the visual inputs to the SMC by traditional neuromorpho- for CO, in all structures which are targets for inputs from
logical methods of assessing connections is extremely difthe operated eye [5, 6, 15]. However, sensory inputs, as
ficult because there is a series of cortical and thalamic censhown by physiological studies, are also characteristic of
ters which can mediate the transmission of visual informa-the SMC, where their role is to provide sensory support for
tion to this area of the cortex; at the same time, most ofmovement [2, 4, 7].
these structures are multimodal, i.e., can transmit informa- Given that the level of enzyme activity can easily be
tion from several sensory systems [1, 9, 10]. The obviousaltered by experimental treatments and is independent of
interaction of the functional and metabolic needs of ner-the number of relay points between the receptor surface
vous tissue means that this question can be addressed tand the structure being studied, the aim of the present
studying the dynamics of metabolism after sensory depri-work was to undertake histochemical studies of CO activ-
vation. Data on the metabolic and immunochemical label-ity in field 4 of the SMC in cats in conditions of unilater-
ing of the brain, summarized in Toporova’s review [5] pro- al enucleation of the eye. The literature contains no data

on CO activity in the SMC as assessed in experiments of
this type. Unilateral enucleation of an eye should change

Laboratory for the Physiology of Sensorimotor Systems the sensory influx to the SMC, thus removing pools of
(Director: Professor G. A. Kulikov), A. A. Ukhtomskii Science heterogeneous CO activity reflecting the receptor repre-
Research Institute of Physiology, St. Petersburg. sentation.
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Fig. 1. Sequence of pcessesdr ensuing illumination uniformity with the imae cature systema) Image of pepartion; b) image of an empty mia-
scope ield in the same illumirtaon conditionsic) image of the emptyiéld after irversion; d) image obtained Y summing the imges of the pepa-

tion and the iverted empty ield.

MATERIALS AND METHODS

Studies vere perbrmed on ive adult male da: three
undervent unilderal erucleaion and tw were intact.
Enudeaion sugery was perbrmed in colldorative expeli-
ments betwen the Ihoratory of Neuohistolayy, I. P. Pav-
lov Physiological Institute and the laoratory for the
Physiology of Sensamotor SystemsA. A. Ukhtomskii
Science Resean Institute of Plisiology, St. Retershurg
Stae Unwersity. The sugical method has been deibad
by Topomva et al. [6]. Under dgeNemlutal anesthesia,
animals’brains were perfused with isotonic sodiunlo-
ride solution 6llowed ly a fixative mixtuie containing
0.4% paaformaldelye and 1.25% glutatdetyde in 0.1 M
phosphte huffer pH 7.4. Bains were then emoved from
skulls and bcks were cut induding the catex of the ante
rior and postaor sigmoid grus; these wre placed in sér
al sucose solutions in phospteatuffer, with concenta
tions inceasing fom 10% to 30%and fiontal or sagittal
cryosta sections of thikness 3Qum were cut. Eahb third
section vas incubted with eaction mix ér detection of CO
activity using theWong-Riley method [6,15]. Computer
images of pepamtions were obtained using an ingtnent
consisting of a Biolam-I miascopea Mustek 300W cam
era,and a pesonal computeiThe camea had an imge res
olution of 640x 480 pixels and ecoded d&a on the color
of ead pixel with six color bits.

A total of 25 sections im eab ceebral hemispher
from intact and xpelimental were anayzed

Image piocessing methodsof histolagical prepara-
tions were adg@ted and the GIMP imge piocessing [o-
gram suite (http://wwvgimp.org) was usedFrequeng pro-
portions in imayes vere alteed by simultaneoust using
Fourier (http://mwwgeocities.com/Siliconslley/Way/1484).

Given tha the investigation and photgraphing of
prepaations were perbrmed a low microscope mgnifica-
tions (objectve x2.5) while stud/ areas vere relaively
large and diferences in staining intensityese small,t was
difficult to obtain unibrm illumination over the viole feld.
The Kjeller method wuld not allav absolutel uniform

illumination, so the 6llowing method vas used Before
imaging, the optical densities of the dast and lightest
areas of the mparation were detemined The illumindion
brightness was selected shctha the dakest tanspagnt
area (br example the most eally stained cell) ws dout
15% lighter than thelesolutel opaque aras (br example
precipitaes of stain)using the pogram to detanine the
optical density of imge aeas of integst.This was bllowed
by image cature (Fg. 1a), followed lky imaging of an
empty micoscope ield (without peparation) in the same
illumination conditions (see i§. 1b); the imayje of the
empty feld was then imerted (see K. 1c). The two imeages
were then summed pointytpoint by using the psgram to
crede two layers — the upper as the imge of the pepare-
tion, and the laver was the imerted imaye of the empty
field. The esulting imge was as Ibse as possib to an
image collected under conditions of idgallniform illumi-
naion (see kg. 1d).

After preliminaly processingthe mean optical density
of the peparation was measwd and the esults vere used
for constucting plots.

RESULTS

Cytoachitectonic lgers of feld 4 in frontal and sgit-
tal brain sections of intact animals fdifed in tems of the
staining intensity of the neopil and neunn bodies. Cell
bodies vere deatly visible only in layerV; layers I, 11, 1l
and VI had different levels of neuopil CO actvity and
therefore had diferent optical densities {§ 2a). Layer |
had a lev CO actvity level, with a highly actve narow paitt
of this layer directly bene¢h the pial sudice Staining along
the whole layer was unibrm. Layer Il was hamcteized by
high neuopil CO actvity. Staining vas unibrm along the
whole layer. Layer Il could be drided into two subayers
with different staining intensitiesan upper lger, which
was the thinnehad modeaste CO actiity, and corespond
ed to sulayer llla, and a laver, thicker, highly actve layer
comresponding to kger lllb. Staining along both yeers was



Structural-Metabolic Organization of Field 4 of the Ca Brain 39

360 300 400 506 600 700

Fig. 2. Distibution of g/tochrome «idase &, b) by layers and plots of the optical density ) of sublayer llla of subield 4y in the bains of intact4, c)

and unilgerally erudeated f, d) cds.

uniform. LayerV had law neuopil CO actvity and could
be dvided into two sultayers: subdayerVa,in which a small
number of intemedide and lage intensef stained gramk
dal neuons were deally distinguishale, and sulayer Vb,
consisting of goups of lage pyramidal neuons with high
CO actvity. Neuons in this Ister were dealy seen on a
lighter ba&ground Layer VI had uniformly low neuopil
CO actvity. The undelying white madter was thamacteized
by very low optical density

In erudeaed animalsfield 4 of the ipsi- and coen
tralateral hemisphers also sheed the lgerwise distibu-
tion of enzyme actity seen in intact animals. Mever,
unlike the sitution in intact animaldayer Il in erudeaed
animals shaed non-unibrm staining:intensey staining
areas vere sgarted by weakly staining agas.These egu-
larly repeaing spots with higher and Wwer levels of CO
activity were most teatly seen in suliéld 4y of the poste
rior sigmoid grus of the conalaeral hemisphex (see
Fig. 2c). However, the difuse boundaes of spots with
smooth tansitions fom intense staining to eak staining
made it dificult to measur them.Therefore, the mean opti
cal densities along eladayer and along ctical cross-see
tions were initially measued on computer inges of sub
field 4y of the bains of intact and emeaed animalsafter
which plots of thesealues vere made (seeiff. 2b, d). This
processing suppted visual obsestions of diferent
CO-active layers of the caiex of subfeld 4y and the uni

formity of enzyme distbution along the lgers in an intact
animal (see ig. 2v). Plots of the optical density ofylar Il
of field 4 in peiimental animals mvided eidence of the
regular odeiing of aeas of high and i@ CO actvity in
sulayer Illb, which was dearest in suhkld 4y (see
Fig. 2d). Measuement of the aas with diferent levels of
CO actvity using these plots edtizshed the sies of aeas
with different levels of CO actiity, which ranged from 800
to 1200um. Stug of the optical density plots in the ¢tex
section shwed tha the main bangs in CO actiity
occured in sukayer lllb.

A graphical demonsttion of the non-unrmity of
layer 11l was obtained after the ggotion of optical fie-
qguencies in the inge was alteed This piocessing gve the
best visualiziion of repeding stiuctures with diferent lev-
els of CO actiity in suldayer llib of field 4y in unilaterally
erudeaed animals (ig. 3a, b).

DISCUSSION

The esults obtained ém this histohemical stug of
CO actvity followed ky computer pocessing of video
images of peparations led to the comgsion tha in field 4
of the sensamotor cotex of the ca brain, unilateral eru-
cleation of the ge leads toltanges in metholic actvity as
compaed with intact animalsyith the gpeaance of alter
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Fig. 3. Non-unibrmity of cytochrome xidase actiity on a fiontal section of sul#ld 4y before (@) and after i) chandng the

frequeng composition of the inges.

naing spots of inazased and deeased enzyme aeiy
locaed in sulayer llIb. The altenaion of these high- and
low-activity areas pobably provides e&idence tha the
ordeiing of the etinal iepresentdons of the ight and left
eyes is bamcteistic not ony for sense-spedd brain cen
ters [5,14], but also br the SMC.

Analysis of pulished d& on the aganizadion of the
afferent connections ofidld 4 leads to the cohusion tha
visual information to this feld can arive via thalamiccor-
ticocottical intrahemisphec, and callosal mjection fbers.
Thus,cortticocottical connections allw visual inbrmation to
arrive from the associave cotical fields 7,5a,and 5b [14].

The SMC eceves nyo- and somtopically ordered
inputs fom several nudei of the lderal thalanus [1,3, 9,
10, 13]. All nudei of the \entobasal compbe project to
field 4 modeately weakly in cas. The delimiting nne
[VL-VPL(bz)] (VL = ventrolateral nudeus;VPL = vental
posteplateral nudeus; bz = delimiting ane; VA = vental
anteior nudeus) is dafacteized ty overdapping spinotha
lamic and cesbellothalamic teminals and has sing pio-
jections to ield 4. The entomedial mdeus and the thala
mic transitional bne (\A—VL), whose dferent ibers come
from the postéor intempositus mdeus of the cabellum
and the substantia mig have modeately poor pojections
to this feld. In adlition, field 4 receves inputs fom the
associtive mediodosal rudeus [1,2].

The most paverful input to feld 4 comes fsm theVL,
as indicgéed by mary studies [13, 9, 10, 13]. The thalamic
input from theVL nudeus of the lgeral thalanus medites
inputs flom the denti@ and intgpositus mdei of the cee-
bellum.A characterstic feaure of the teminal of the po-
jection of this mdeus to feld 4 is its stict relgtionship with
subayer lllb, while projections fom the other thalamic
nudei are moe diffusely seeded into gers 1ll, V, andVI
[11, 12]. Teminals of the cdicocottical connections a&r
associted with sulbayer llla and lger Il [1].

Thus,the geaest dangs in CO actiity in enudea-
ed animals wre seen in subyer lllb, as shan by optical
density plotsand this is an indéct indicaor tha the visu

al inputs to ield 4 ae medi&ed via the thalami¥L nude-
us, a result which suppots previous sugestions [7].
Evidence suppding this typothesis is also pvided by the
sizes of aeas with difering CO actvity, which corespond
to the banding diametes of single thalamoctcal fibers
running flom theVL, which is 800—100@m [10].

Summaizing the curent iesults and angsis of pub
lished d#a leads to the cohgsion tha changes in the
metéaolic actvity of individual neuon pools in ield 4 of
the SMC in cts occur after amdeaion because of distur
bances in the sensoafferent infux. This fact is pobably
structural evidence or the arival of visual inbrmation in
the SMC andxplains the hility of neuons of this aga of
the cotex to execute pograms br visualy contwolled
maovements.

This stug was suppded ty the Russian Urersities
Fund Grant No. 11-01-05.
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