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Physiological evidence that 
the 2-deoxyglucose 
method reveals orientation 
columns in cat visual cortex 
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A method for measuring local rates of glucose uplake in nlllln­
malian brain tissue'·! has been used It) study monkey rorlex 
receiving visual stimulation through one e)'e), T he resultin2 
p"ltern of glucose uptake resembled that of the ocular 
dominance oolUlllns. identified by se"eral independent ll1e thods 
in the cortex ...... . In IIddi tion. the plll1ern of glul'ose uptllke 
produc('d by binncular .·ie .. ·inJ! of stripes of a sinl:le orienta­
tion ' -U wa~ eonsistent .. ilh the arrangement of orientation 
l"Olumns experted from the sequenee of preferred Clrientations 
of single cells reeorded in the "isuli l cortex."-u -,,,. It was th('refort' 
as!i"umed that the columns of glucose uptake re.'·ell ied in the 
studies of orientalion seleetivity correspond to columnS of 
rortical l·e lls selccti\'e Inr Ihe oriental ion viewed. Ren'nt 
findings about the monk ey visual rortex led us to question this 
assumption,'1-1e> We hal e nOw illl'estigated this question in th e 
cal by ma kin~ miemelerlrude reoordin~ to determine preferred 
orientation of cortia l unils at known positions wilhin Ihe visual 
rorlex and then stimulating the same animals wil h a fu ll·fi t ld 
path' rn of snipes 10 measure the rail'S of ~Iucose uplake at lhe 
positions of each of the cOftiral units, As in previous studies. 
prderred orienta tion shifled gnduaUj' and progressinly alonf: 
electrode trIcks parllllel to the ('urtiral .';urfll('e·,I)- I" and a 
pullern of densely labdled rolumns "'''(1 obsen·ed in the 2-
deoxyglucuse autoradiographs7
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• The centres of densel~ 
labelled cortieal columns contained cells seleeti\ e for the stimu · 
hlled orientation. Preferred orientat ion shifted I:rlllduli lly a ... lIY 
from the stimulated orientation at sites progressive!) more 
distant from the centres of the columns. Control experiments 
re"ell led no columns after stilllulation ,,·jth a paltern ()f rhanging 
orientation. Thus the rolumns rc,·ea led by the deoxYl!.luco~e 

method do correspond to the physiolua:iral orientalion columns. 
The experimental proced ure consisted of two consecutive 

steps C"J.rricd out on live normal adult cats. During the first step 
the preferred o rien tation of single cells in the mcdial ban k nr 
area 17 was determined by microelcctrode recording: d uri ng the 
second step a Striped pattern was presented to the animol ah er 
intravenous li.v.) injection of deoxyglucose. 

Initial surgery was ellrri~d Qut under barbiturate plus halo_ 
thane anaest hesia. Venous Rnd tracheal cannulae were inserted 
and a small sk ull opening made to expose the most poste rior 
pan ion of one cort ica l hemisphere. On l'Ompletion of 
surgery, Ihe cats were panlly~d (gallamine tr iethiodide. 
II I mg per kg per hI. and barbiturate anae.~th~ia was supple­
mented by artificial ventilation with 75~. nitmus oxide- 25% 
oxygen. End-tidal CO: was maintained at 4% and body 
temperature at 38 0 

• 

We then sta rted a horizontal penetration into the medial bank 
of the lateral gyrus using a htequercd tu ngsten microelectrodell • 

The microelectrodc shaft had been ckwopolished \CI < 50 ILm 
in diameter. allowing us to record from ;1 long seq uencc of 
ne uroncs in a single I O-mm penetration with minimal damage to 
the surrounding brain tissue. 

The eyes were refracted and th('n aligncd with a Risley prism 
by superimposing the receptive fie lds or 11 binocular unit The 
STeac cenlfales were plotted onlo the tangen t screen at 57 em 
distance. Beginning 4-6 mOl (mm the entry point. single cells 
from area 17 were recorded approximately every 100 110m. The 
preferred orientAtion of each cell was determined with a haml ­
held projector. An irregular ~equencc of elect rolytic micro-
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,' ill;, I D!/!.Ih.f.~d radioacthl lyplOb made from aUloradiographsof 
part ~ of :W-l4m horiwnud iM."cl ions of righl ... i~ual ootle~ in I ... ·" 
~nim~ls. D. Part of !he medii' blink of Ihe lal(:rat gyrw; ,n area t7 01 
all IInlm.1 Ihal had viewed moving verlkal <tripes. Dark blinds 
rcrctr~d 10 ilsorienialiull mumn' run fro m", hile mailer 10 tonkal 
surface. h. Samc arca in II C"(InlroJ animal chat ~ad \";e .... ed stripes of 
all Orll'nl8lions. No T1Idia l 1\Incs or inc!l'a)cd radioactivicy are 
~ islb\c . p is medial. right f)OStcrior. r, I'holograph uf Ilutoradio· 
graph scanned in II , d. Photograph or aUlOradiograph ~anned io /:>. 

Cahbrall(ln bal is I m~l ror II and /:>, J mm ror rand d. 

lesions was made a t - I-mm intervlIls along the track by passing 
- 4j.1.Afor 4 s. 

The penetration was terminated afler studying about 40 single 
Units. With the mkroe lectrodc kept in its linal posit ion. we 
injected an i.v. pulse of 100 j.l.Ci per kg "C-2-deoxyglucose 
jAmersham. CFA.Sb2) and eXpOSed both e )·es to a s triped 
pattern mO\'ed perpendicular to the Qrientation of the s tripes. 
T hIS pattern consined of whi te stripes (l.5-S.0° wide. separated 
by a similar spacing. It was swept in both directions at velocities 
increasing. logarithmically rrom 0.310 2005 ' during each 15-s 
period. We mAde sure that Ihis pattern always COvered at least 
the eentr:;1300 of the cat's ... isu:;1 field. In fouro! the animals. the 
p<tttC(l1 remained vertically orien ted, while in one conl1olani­
mal the pa nern was rou'lied be tween sweeps to each of 12 
o rientat iOns. IS" apart. 

After 45 min of exposure, the animals were given an overdose 
of barbiturate and were perfused wilh phosph:lle buffe r 
follOwed by a buffered 4 % solution or paraformaldehyde. The 
brain was then removed and blocks frQm cort icallissue cut and 
sunk s lowly in lO Freon at - 80 · C. The physiological experiment 
took 12-20 h: Ihc whole procedure after killing the animal took 
12- 18m ll1 , 

Horizontal sections of the hemisphere containing Ihe d ec· 
trode track were cut at 20 jl.nl in a cryostat , picked up on cove r 
glAsses, dried quickly o n a hotplate al 70-811 °C and exposed 
along wilh a set of radicn"leti\"l! plastic standard~ (Amcrsham. 
196363) to Kodak SB5 X-ray fi lm for 10-15 days. TheseC1ions 
were then stained with ercsyl violet fOr reconstrUCtion of the 
electrode track. 

A flat bed autodensitomelcrll measurl'<i optical density over 
areas of interest on autondiographs containing the electrode 
tueks using II. 32 x 3! j.lm spot moved 111 ]2-jl.m steps. E1ther 
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f1~. 2 Preferred orientation of single cells (a) and r1Idioanivity 
(proportional 10 gluCOJe liplIke) \(") plolted as a function 01 
distance (abscissa) along I microeleClrOOe traek Ib) into area 17 of 
the .. i5ual rorlU. Track SUIrIS Illhe rilh'+hand side larrow in bl 
and rum along the I/o'hite line. a. I'osition of each dol ih~ the 
deviation 01 a single cell's preferred orientat ion from ""nical. the 
or1cntation of the siriped paltern used in the: dC<IlI:ygJueosor 
experiment. Thus ''enically oriented «lis arc: represented by dolS 
allhe peaks of the paph. horizontally mienlcd cells Illhe troughs 
of the grlIph. lind the two diagollals in bet,.;een, b. Display of 
r1Idioadivily made from lutoradiograplu of IWO adjacent 20 .... m 
horizontal $Cdions from area 17 of • cal's visual conn. In the 
auloradiognphs 01 thesc sections. the: whole course of thC' 
penetration could be traced by means of micmlesions seen at thc 
intcrruptions of the whitc linc. e. Radioactivity l in arbitrary units) 
alOng the electrode pen~trltion . ' L' marks troughs ~orresponding 
to light areas in the autnradingraph eaused by microle1ions . 
.•. Marks troughs ca used by fracturcs in Ihe tissuc . The \'crtical 
dashcd linC!! connect po!iitions clf microlcsionl throughout the 
figure (open tircles in fl. inlerruplionsof the whlle line in h. ' L' in e), 
II is apparent thaI peaks in the graph" h'I'Ttically urkntcd celld 

m~tch ~rns of high radiollcth';,y 1e\'cI~ ih. e) and vic(' \'C'TSa. 

1.000 or lO.nQO digitized optical density ,alues per mm~ ..... ere 
stored for each section together with the optical dcnsi ties of the 
radioactive standards. This method allowed us to con'ert the 
optical density at any position on the section into a radioactivity 
level. Such radioactivity le"els are lincarly proportional to the 
rates of glucose uptake:. Using a I'DPII/23 computer we 
constructed a Iwo-dimensional picture of the distribution of 
radioactivi ty which had produced each autoradiograph. linear 
scans of such a picture made along the course (indicated by 
microksions) of the electrode penetration quantita!ively dis­
played the radioacth'ily as a function of electrode posilion. 

Figure In sho ..... s a radioacl ivity scan of part of a horizontal 
section through area 17 from an animailhat had viewed vertic­
allyoriented stripes. A pall~rn of dark and light bands extending. 
mostly perpendicular to the brain surface is evident throughout 
allla),en of grey mallcr. A similar scan taken from the brain of 
Ihecontrol animal which had viewed stripes of all orientations is 
prescnh!d for comparison in Fig. lh. No columnar variation in 

labelling density could be discerned. although differences in the 
labelling densi ty between the laminae arc evident. Autoradio­
graphs from four additional con trol animals similarly disclosed 
no columnar variation in labelling density. 

In mOSt cases, the electrolytically marked locations in the 
brain were Yisible on the aUlOradiograph (as a reduction in the 
radioactivity over a distance of 50-150 .... m along the track ) as 
well as on the stained section. We were therefore able to locate 
recording sites by interpolation of the micrometre readings. 
Figure 2 shows examples of the finding that whcn a penetration 
crossed a labelled band, the preferred orien tations of the cells 
recorded in Ihis location were usually close 10 the \'ertical (the 
stimulated) orientation. On the other hand, lightly labelled 
portions of the electrode Irack usually malehed recording sites 
of cellsdrivcn best by stimuli closcrto the horizontal. A few cells 
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f1g, 3 Q, Dc,ialions of t'C' IIi' preferred orienlations from vertical 
1:s.e.m. (left ordinate. da'lhed line. 0) and radioactivity ±s,e.m. 
(right ordinate. solid line. e ) as functions of distance (abscisu.1 
from the centrC's of W superimposed dark bands (orientation 
columns) in four experimental animall , b. Data from Q plotted to 
show reJalionshlp btt .... een preferred orientaTion of recorded unilS 
and rad ioact"'ily (proportionat to glucose. uptake rate) lit recording 

sites. 



(such as the second and third cells to the left of the third lesion) 
were exceptions to this general pattern. Some exceptions might 
be due to extracellular microelectrodes recording from units 
whose cell bodies are located at some distance from the elec­
trode tip, perhaps in another column. The following analysis 
demonstrates that, despite these exceptions, the relationship 
between preferred orientation and labelling density at recording 
sites is highly significant. 

A total of 10 labelled columns, either 2 or 3 in each of the four 
experimental animals, were both cut in cross-section (the corti­
cal surface lay normal to the plane of section) and traversed by 
our electrode tracks. For example, three of these columns are to 
the left of the third lesion in Fig. 2b. To the right of this lesion, 
the cortex is cut obliquely, as shown in a Nissl-stained section 
(not illustrated) and by the failure of the labelled deoxyglucose 
bands to extend all the way from layer II to the white matter. 

Within the parts of the electrode penetrations that crossed 
these 10 labelled bands, a total of 65 units were recorded. Figure 
3 shows the relationship between the preferred orientation of 
these cortical units and the deoxyglucose labelling densities at 
their recording sites. For this analysis, preferred orientations 
(dashed line in Fig. 3a) and radioactivity levels (solid line in Fig. 
3a) at recording sites were plotted in groups according to the 
distance of each recording site from the centre of the nearest 
labelled band. In effect, the analysis of Fig. 3a first superimposes 
the deoxyglucose columns at their centres to form an average 
column. Average preferred orientation and average radioac­
tivity level are then plotted as a function of distance from the 
centre of this average column. The analysis confirms the results 
of earlier studies 14-10 -preferred stimulus orientation changes 
linearly with distance from the centre of the orientation column 
(R = 0.86, Fig. 3a). Figure 3a also shows the decrease in 
average radioactivity level with distance from the centre of the 
column. The data from Fig. 3a are replotted in Fig. 3b to show 
that the radioactivity level is monotonically related to the pre­
ferred orientation (R = 0.92). 

In the experiments using the 2-deoxyglucose method, labelled 
bands were seen in the visual cortex of cats that viewed vertical 
stripes. When animals viewed stripes of all orientations, no such 
bands were observed. Microelectrode recording showed that the 
labelled bands corresponded to vertical orientation columns. 

These findings support the central assumption made in pre­
vious studies of orientation selectivity in cat visual cortex using 
the 2-deoxyglucose method7
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• They suggest that the deoxy-

glucose method should be useful for further studies of columnar 
systems in cat cortex. The present findings do not show whether 
orientation columns in the cat's visual cortex are discrete enti­
ties; the results are consistent with such an hypothesis but are 
also consistent with the notion that preferred stimulus orien­
tation varies continuously across the cortical surface. 

In the monkey's visual cortex, labelled columns have been 
observed 19 in conditions of visual stimulation similar to those 
which produced no labelled columns in our control cats. It has 
not yet been reported whether the labelled columns seen in the 
unstimulated monkey have the same range of densities as those 
seen in monkeys stimulated with patterns of single orientation. 
With this question unresolved, it would not be safe to extend the 
results of the present study to the monkey. 

It will be of interest to determine to what extent the relation­
ship between orientation specificity and the cortical metabolic 
pattern seen in the present study is based on a more general 
relationship: is neuronal firing the primary determinant of 
metabolic activity in the cortex? Experiments in progress, 
quantitatively comparing the neuronal discharge frequency eli­
cited by visual stimuli with glucose uptake produced by these 
same stimuli,23 will answer this question. 
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