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Area 18 of cat visual cortex was examined for intrinsic axons following small, columnar injections of an anterograde tracer, Phaseolus 
vulgaris leucoagglutinin (PHA-L). Locally projecting axons radiated from the injection site and branched to form 10-15 discrete, approxi- 
mately circular patches 500-750/,m in diameter consisting of many bouton-studded terminal arborizations. Labeled fibers and boutons ram- 
ified densely in layers I, II/II, V, and VI, and were noticeably less dense in layer IV. Afferent and efferent pathways originating from the 
same cortical columns were studied by injecting a mixture of PHA-L and wheat germ agglutinin conjugated to horseradish peroxidase 
(WGA-HRP). Between 10 and 15 patches of cells retrogradely labeled by WGA-HRP surrounded each injection site. Within a patch, la- 
beled cells were found in all layers and included both pyramidal and non-pyramidal cells. The distribution of PHA-L labeling was similar to 
that obtained when PHA-L was injected alone. Most often, the labeled patches resulting from injections of such mixtures contained both 
anterograde and retrograde labeling. However, patches consisting of retrograde labeling alone and of anterograde labeling alone were also 
observed, indicating that the local connections linking neighboring cortical columns were not always reciprocal. 

INTRODUCTION 

In many species, an injection of  re t rograde  tracers 

into a small region of  cortex produces  both  patches of  

labeled cells at corresponding sites in o ther  cortical ar- 

eas, and patchy pat terns  of locally labeled cells extend- 

ing several  mil l imeters  from the injection site 22. Thus, 

in tercolumnar  interact ions within the visual cortex are 

media ted  both  by connect ions be tween different  cortical 

areas,  and by local connect ions that  are intrinsic to a 

single area,  as has been  demons t ra ted  in the tree shrew 35, 
pr imates  23"33'34 and cats 14"24"27. 

We surmised that  the similarities between local and 

cort icocortical  connect ions would extend beyond the 

common patchy distr ibution pat tern.  Local  connect ions 

in cat visual cortex were examined for evidence of  two 

further features of  cort icocortical  connections:  a projec- 

tion-specific, laminar  distr ibution of efferent  axons and 

afferent cell bodies ,  and pathway reciprocity.  

In o rder  to examine the reciprocity of  local connec- 

tions, it is necessary to study the anterograde  and retro-  

grade pathways arising from a single injection site. In 

theory,  this examinat ion should be possible using a bi- 

direct ional  t racer  such as wheat  germ agglutinin conju- 

gated to horseradish peroxidase ( W G A - H R P ) .  In prac- 

tice, this technique fails because W G A - H R P  may label 

the axonal collaterals  of  re t rogradely  labeled cells as in- 

tensely as the terminal  fields of cells in the injection site 8' 

16.42, thus confounding the results. In order  to circum- 

vent this problem,  W G A - H R P  has been used in 

combinat ion with an anterograde  tracer,  such as t r i t ia ted 
amino acids, to study areal  reciprocity 4'17"3°'32'44'5°'51"54. 

In our  exper iments ,  we used a modified version of this 

method  and employed  Phaseolus vulgaris leucoagglutinin 

(PH A -L )  12 as the anterograde  tracer  in place of  the tri- 

t ia ted amino acids. For  the purposes  of this study, 

P H A - L  offered two main advantages over  tr i t iated amino 

acids: (1) it fills axons completely ,  including the axonal 

arborizat ions and boutons ,  making possible the distinc- 

tion between terminal  fields and fibers-of-passage; and 

(2) it allows for the visualization of W G A - H R P  in the 

same section of  tissue. Because of  these advantageous 

proper t ies ,  P H A - L  was used to examine the terminat ion 

pat tern  of  local project ions in the coronal  and tangential  

planes.  

This study shows that  local project ions terminate  in all 

cortical layers,  though much less densely in layer IV, 

while the locally project ing cells were found in all corti- 

cal layers. Because local connections originate in both 

infragranular  and supragranular  layers, and terminate  in 
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b o t h  u p p e r  a n d  l o w e r  layers  as well ,  t hey  r e s e m b l e  the  

so-ca l led  ' l a t e r a l '  c o n n e c t i o n s  m a d e  b e t w e e n  cor t ica l  ar- 

eas  at  t he  s a m e  level  of  t he  p r o c e s s i n g  h i e r a r c h y  2s'56. Fi- 

na l ly ,  th is  s t udy  sugges t s  t h a t  in t r ins ic  c o n n e c t i v i t y  is 

m a d e  up  o f  b o t h  r ec ip roca l  a n d  n o n - r e c i p r o c a l  c o n n e c -  

t ions .  A p r e l i m i n a r y  r e p o r t  of  s o m e  of  t he se  resu l t s  has  

a p p e a r e d  2. 

MATERIALS AND METHODS 

Adult cats, both males and females, weighing from 2.5 to 4 kg 
were used in these experiments. Two cats were given cortical in- 
jections of PHA-L and their cortices were sectioned in the coronal 
plane in order to examine the laminar distribution of local effer- 
ents. Six cats were injected with a mixture of PHA-L and varying 
concentrations of W G A - H R P  and their cortices were sectioned 
tangentially in order to examine the reciprocity of local connec- 
tions. In 4 of these cases, alternate sections were used to visualize 
the two tracers and in the remaining two cases, both tracers were 
visualized in each section using a double labeling protocol. 

The animals were anesthetized with i.v. alphaxalone/alphadolone 
(Saffan; Glaxovet) and were then given atropine i.v. and dexa- 
methasone i.m. to reduce respiratory secretions and brain edema, 
respectively. Anesthetized animals were placed in a stereotaxic 
frame and a craniotomy was performed at stereotaxic coordinates 
+1 to +4 mm M-L and -1 to +6 mm A-P, which correspond to 
the lower visual field of a r e a  1 8  47 . 

PHA-L (Vector Labs) was reconstituted as a 2.5% solution ac- 
cording to the manufacturer's instructions and then used either un- 
adulterated or mixed with enough crystalline W G A - H R P  (Sigma 
Chemicals; type VI) to give a 1-8% W G A - H R P  concentration. 
The tracer solution was drawn into a glass pipette, the tip of which 
measured between 10 and 20/~m in inner diameter and the pipette 
was then lowered to a depth of 1 mm into the cortex through a 
small slit made in the dura. The positive terminal of a constant 
current source (Transkinetics) was connected to a silver wire in the 
pipette and the negative lead was lightly clipped to the animal's 
tongue. Positive-pulsed current (5/~A; 7 s on, 7 s off) was applied 
for 25-30 min. to iontophorese the tracers. Only one injection was 
made into each animal to avoid confusing interhemispheric label- 
ing with the pattern of local labeling. 

After allowing 4-5 days for transport, the animal was euthanized 
with an overdose of pentobarbital (euthanyl; M.T.C. Pharmaceuti- 
cals) and perfused transcardially with the following solutions: 1.5 
liters 0.5% sodium nitrite in 0.1 M phosphate buffer, pH 7.2 (PB); 
2.0 liters 4% paraformaldehyde and 0.1% glutaraldehyde in PB; 
10% sucrose in PB. Blocks of tissue containing the visual cortex 
were dissected out and mounted on the stage of a freezing micro- 
tome. Sections were cut at 50/Jm thickness in the coronal or hor- 
izontal plane and then collected in PB in individual wells. 

Transported PHA-L was visualized using an avidin-biotin-per- 
oxidase method (Vector Labs). Sections were incubated in goat 
anti-PHA-E+L at a dilution of 1:500 or 1:1000 for 14-16 h, rinsed 
3 times in PB, and then incubated for 1 h in biotinylated anti-goat 
lgG. Both antibody solutions contained 1% Triton-X-100 to en- 
hance penetration. After further PB rinses, the sections were in- 
cubated in peroxidase labeled avidin-biotin for l h and then rinsed 
in PB. The peroxidase was then visualized with a diaminobenzidine 
(DAB)-glucose oxidase reaction'S without cobalt enhancement. 

For each of the experiments in which a mixture of tracers was 
injected, one of two procedures was used. Either the sections were 
divided into two series, with one series being immunoreacted for 
PHA-L and the other being used for visualization of the trans- 
ported W G A - H R P  using the tetramethyl benzidine (TMB) 
method ~-9, or else all of the sections were reacted sequentially to 
reveal both tracers. This was accomplished by stabilizing the TMB 
reaction product with ammonium heptamolybdate followed by co- 

bait acetate and DAB L5 prior to incubating the scctions in thc pri- 
mary antibody against PHA-E+L. This stabilization inactivated 
any remaining peroxidasc activity of the WGA-HRP,  and no cross- 
reaction was ever observed betwccn the two pcroxidase reactions. 
The stabilized TMB reaction product consisted of black granules 
and was easily distinguished from the diffuse brown DAB reaction 
product. Sections wcrc mounted onto gclatinizcd glass slides, air 
dried, dehydrated through a graded serics of alcohols, and thcn 
cleared in xylene and coverslipped with DPX. 

Using a drawing tube attached to a Nikon Optiphot microscope, 
detailed charts were made of serial coronal or horizontal sections, 
the injection site, zones of labeling, and the pancrn of blood ves- 
sels. For examination of the laminar distribution of local connec- 
tions, individual axonal swellings (boutons) were drawn as separate 
points. For the experiments examining the reciprocity of local con- 
nections, the analysis was done at lower resolution and individual 
boutons were not counted. Instead, densely labeled patches of ter- 
minal fields were outlined on the charts. Each individual rctro- 
gradely labeled cell, however, was drawn as a separate data point. 
When charting PHA-L or W G A - H R P  label in alternate serial sec- 
tions, the magnification of the drawing tube was adjusted, through 
comparison of blood vessel patterns in adjacent sections, to account 
for the slightly greater shrinkage of the TMB reacted sections. 
These charts were then digitized and, with the injcction site and 
blood vessels serving as landmarks, aligned using custom designed 
software run on a Compaq 386 computer to produce the composite 
charts shown in the figures. 

RESULTS 

U n d e r  t he  c o n d i t i o n s  of  th is  s tudy ,  P H A - L  ion to -  

p h o r e s i s  r e s u l t e d  in i n j ec t i on  s i tes  of  a p p r o x i m a t e l y  1 

m m  in d i a m e t e r .  W h e n  b r a i n s  we re  cut  in the  c o r o n a l  

p l a n e ,  the  d e n s e  co re  of  the  in j ec t ion  si te  wh ich  con-  

t a i n e d  d a r k l y  l a b e l e d  cells  a n d  p r o b a b l y  gave  rise to 

m o s t  of  t he  a n t e r o g r a d e  l abe l i ng  12, was  f o u n d  to e x t e n d  

t h r o u g h  all cor t ica l  l a m i n a e .  

Patchy termination of locally projecting axons 
In all cases ,  i n j ec t ions  of  P H A - L  in to  cat  a r e a  18 re- 

su l t ed  in a p a t t e r n  of  a n t e r o g r a d e  l abe l ing  c o m p r i s i n g  

d i sc re te  p a t c h e s  of  d e n s e  l abe l i ng  a n d  a m a t r i x  of  unla-  

b e l e d  o r  l ight ly  l a b e l e d  a reas .  T h e  P H A - L  l abe l i ng  was 

a l m o s t  en t i r e ly  a n t e r o g r a d e ,  bu t  occas iona l  r e t r o g r a d e l y  

l abe l ed  cells w e r e  s e e n  in a d d i t i o n  to  a n t e r o g r a d e  labe l -  

ing. Fig. 1A shows  4 p a t c h e s  f r o m  a case  s e c t i o n e d  in 

the  t a n g e n t i a l  p l a n e .  P H A - L - l a b e l e d  p a t c h e s  w e r e  

rough ly  c i rcu la r ,  a p p r o x i m a t e l y  5 0 0 - 7 5 0  # m  in d i a m e t e r ,  

a n d  w e r e  s e p a r a t e d  f r o m  the  i n j ec t i on  si te  a n d  e a c h  

o t h e r  by  a p p r o x i m a t e l y  t he  s a m e  d i s t ance .  B e t w e e n  10 

and  15 p a t c h e s  r e s u l t e d  f r o m  a typica l  P H A - L  in jec t ion .  

It  was  n o t e d  t h a t  p a t c h e s  c lose  to t he  i n j ec t i on  si te  w e r e  

usual ly  m o r e  d e n s e l y  l a b e l e d  t h a n  m o r e  d i s t an t  pa t ches .  

Laminar distribution of locally projecting axons 
T h e  l a m i n a r  d i s t r i b u t i o n  of  t he  l a b e l e d  axons  a n d  ter -  

mina l s  was  e x a m i n e d  in sec t ions  of  t i ssue  cut  in the  coro-  

na l  p l a n e .  Fig. 1B is a p h o t o m i c r o g r a p h  of  pa r t  of  a 

c o r o n a l  s ec t ion  c o n t a i n i n g  P H A - L  labe l ing .  P a t c h e s  of  
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Fig. 1. Patchy intrinsic connections in area 18 of the cat labeled with the anterograde tracer PHA-L. A: photomicrograph of a tangential 
section through layers IUIII. Fibers radiating from the injection site, T, outlined with a dotted line, ramify to form discrete patches of dense 
arborization, 3 of which are marked by arrowheads. B: photomicrograph of one patch of PHA-L labeling in a coronal section. Labeled axons 
are found in all layers but are much less dense in layer IV than in the other layers. Scale bars in A and B = 250/~m. 

dense labeling extended from pia to white matter in a 

columnar fashion. Within the patches, density of labeled 
axons and the width of  the labeled zone was much less 

in layer IV than in the other layers. Also, the width of  
the labeled zone in the infragranular layers was wider 
than in the supragranular layers. 

The P H A - L  immunoreaction product filled the la- 

beled axons so well that they resembled intracellularly 
injected axons. Fig. 2A shows a single labeled axon, 

within a patch of labeling, branching several times to 
form a terminal arbor. The width (400/tm) of  that part 

of  the arbor contained within one 50 ktm thick section is 
nearly as great as the widths of  entire patches, which 
suggests that labeled axons must be in near-perfect co- 
lumnar register within a single patch. 

Many swellings or boutons were readily apparent 
along the lengths of  the P H A - L  labeled fibers and these 
were probably synaptic terminals 55. Fig. 2B shows the 

positions of  individual boutons within a single patch rel- 
ative to laminar boundaries in 4 serial coronal sections. 

Labeled boutons were least dense in layer IV and were 

more dense in layer II /III ,  especially the lower part, than 

in layers V and VI. The lateral extent of labeled bou- 

tons was narrowest in layer IV and was wider in infra- 
granular than in supragranular layers. 

Reciprocity of local connections 
In order to study the reciprocity of local connections 

in area 18, solutions containing a mixture of P H A - L  and 
W G A - H R P  were injected. While keeping the concen- 

tration of P H A - L  constant, the concentration of W G A -  

H R P  in the mixture was varied in order  to determine the 

effect on both the overall quality and the extent of  the 
labeling pattern. In all cases, the patchy pattern of ret- 
rograde W G A - H R P  labeling was similar to the pattern 
previously described 27. An  increase in the concentration 

of  W G A - H R P  from 1 to 2% resulted both in increased 
numbers of  cells in each patch of  labeling, as well as 
more retrogradely labeled patches. While an increase in 
the concentration of  W G A - H R P  above 2% did not ap- 
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pear  to increase the number  of  patches,  higher concen- 

trations did increase the number  of  cells in each patch.  

Fur the rmore ,  an increase in concentrat ion from 2 to 8% 

slightly raised the intensity of staining within the W G A -  

H R P  injection site, without seeming to increase its di- 

ameter .  

The patches of anterograde  P H A - L  labeling resulting 

from the mixed injections were similar to those descr ibed 
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Fig. 2. The appearance and laminar distribution of axonal boutons 
in the PHA-L labeled tissue. A: photomicrograph of a single 
PHA-L labeled a×on from layer II/IIl. Micrograph is oriented with 
pia to the top. The axon branches to form a terminal arbor stud- 
ded with boutons, some of which are marked with arrowheads. The 
terminal arbor occupies a space of approximately 400/~m, nearly 
as wide as the entire patch of labeling in which it was located. Scale 
bar = 75/~m. B: aligned charts of 4 serial coronal sections through 
the center of a different, less dense patch of labeling than shown 
in B. Each dot represents a single bouton. Within a patch, boutons 
are numerous in all layers, but are least common in layer IV. Scale 
bar = 100 Urn. 

for the injections of P H A - L  alone.  As the concentrat ion 

of W G A - H R P  in the mixture was increased,  the amount  

of P H A - L  labeling in each patch decreased,  without de- 

creasing the total  number  of patches.  The P H A - L  label- 

ing decrease was probably  due to higher propor t ions  of 

the iontophoret ic  current  being carried by ejection of  

W G A - H R P  causing less P H A - L  to be ejected,  or  to 

compet i t ion between the two tracers for uptake and 
t ransport  sites 46. 

Fig. 3A and B are composi te  charts of  labeling for two 

of  the combined  injection experiments .  As can be seen, 

the distr ibution of labeled cells and axons over lapped in 

many patches.  However ,  there  were distinct areas where 

the re t rograde  and anterograde  labeling did not coin- 

cide. Thus, we observed zones containing labeled cells 

without axon labeling, and other  zones with axon label- 

ing but without labeled cells. As shown in Fig. 3, our 

results regarding reciprocity of local connections were not 

affected by increasing the concentration of W G A - H R P  

above 2%. Notwithstanding this lack of complete overlap, 

retrograde and anterograde connections were seen to ex- 

tend about the same distance (6-8 mm) across the surface 

of the cortex, while the numbers of patches (10-15) labeled 

by the two tracers were seen to be roughly equal. 

In some exper iments ,  W G A - H R P - r e a c t e d  sections 

were stabil ized and subsequently immunoreacted  for 

P H A - L .  The visualization of both anterograde  and ret- 

rograde labeling within the same section ensured that 

inaccuracies in aligning the two sets of sections did not 

affect our  assessment of reciprocity,  and also allowed us 

to identify P H A - L  labeled axons that were contacting 

W G A - H R P  labeled cells. 

The photomicrographs  shown in Fig. 4 were all taken 

from the same representat ive  case illustrating the 3 ob- 

served pat terns  of labeling. In this exper iment ,  each sec- 

tion of tissue was reacted for both W G A - H R P  and 

PHA-L .  Fig. 4A illustrates W G A - H R P  labeled cell bod- 

ies and no axonal fibers or boutons,  thus indicating an 

afferent patch. Fig. 4B shows an efferent patch,  in which 

only axonal fibers and boutons  were labeled.  Finally, 

Fig. 4C illustrates a reciprocally connected patch,  in 

which both cell bodies and axonal fibers were strongly 

labeled.  Al though an electron microscopic investigation 

would be necessary to confirm the presence of synapses, 

light microscopic observat ions did suggest that some lo- 

cally project ing cells were receiving contacts from locally 

project ing axons. Fig. 4D and E are high magnification 

photos taken with Nomarski  optics at different focal 

planes of the cell a r rowed in Fig. 4C. Here ,  labeled ax- 

ons wrap around the labeled cell and form, in close ap- 

posit ion to it, bouton-l ike  axonal swellings. A t  o ther  fo- 

cal planes,  several  more  swellings were visible against 

the labeled cell. This pat tern of terminat ion is typical of 





212 

Fig. 4. Photomicrographs of anterograde and retrograde "labeling in tangential sections following an injection of 4% W G A - H R P  and 2.5% 
PHA-L. Sections were reacted for HRP, then stabilized and subsequently immunoreacted to visualize PHA-L,  allowing both tracers to be 
localized in the same section. Patches containing only retrogradely labeled cells (A) and patches containing only anterogradcly labeled axons 
(B) were seen, in addition to patches containing both cells and axons (C). The retrogradely labeled cell marked with arrowheads in C is 
shown at higher magnification using Nomarski optics in D (focal plane at upper surface of cell, so W G A - H R P  reaction product in cell is not 
clearly visible) and E (lower focal plane). Some of the boutons of the anterogradely labeled axons (arrowheads) are in close contact with the 
cell. Scale bar in A = 50/~m and applies to A - C .  Scale bar in D = 5 ~m and applies to both D and E. 

to layers V and VI; and layer VI pyramidal cells pro- 
jecting to layer IV 11"20"25'37. Although there are no pre- 

viously noted examples of cells making patchy, intrinsic 
connections to layer I, we did find some terminals in this 
layer within the labeled patches. Our results also provide 
some information on the relative strengths of each class 
of local projections that cannot be gained from single- 
cell studies, as we have shown that local connections are 
densest in layer II /III  and least dense in layer IV. 

The lower density of labeling in layer IV suggests that 
the feedback projection from layer VI to layer IV is less 
well developed for the patchy horizontal connections be- 
tween columns, than for the radial connections within a 
single column. This finding is reinforced by retrograde 
labeling studies; local patches of retrogradely labeled 
cells contain fewer cells in layer VI than in other lay- 
ers 27. 

In our study, each patch contained labeled terminals 
in all layers. This is interesting in light of the fact that 
cells in different layers may have different receptive field 

properties ~3, and that the local projections made might 
thus be expected to serve different functions. One prob- 
able correlation between laminar specific receptive field 
properties and projections was noted; within a single 
patch the horizontal spread of labeling was most narrow 
in layer IV and widest in layers V and VI; the same pat- 
tern was noted for patches of retrogradely labeled cells 27. 
This correlates well with receptive field sizes, which are 
smallest in layer IV, larger in supragranular layers and 
larger still in infragranular layers 13. 

Reciprocity of local connections 
The results obtained from combined injections of 

W G A - H R P  and PHA-L suggested that, while most lo- 
cal connections within cat area 18 were reciprocal, many 
were not. This aspect of local circuitry has not been de- 
scribed before. As has been noted earlier, one of the 
pitfalls of using W G A - H R P  alone to investigate cortical 
circuitry is that the filling of collateral terminals within 
the same column as retrogradely labeled cell bodies may 



result in the erroneous conclusion that all areas project- 
ing to the injection site also receive a return projection. 
Nevertheless, even if local circuitry is not completely re- 
ciprocal, the injection of W G A - H R P  should reveal some 
areas of strictly terminal labeling, with no nearby cell 
bodies. In contrast, it has previously been reported 21 
that, following an injection of W G A - H R P  in area 18, 
all patches contained both labeled cells and neuropil la- 
beling with no patches being found to consist only of 
neuropil labeling. It is difficult to reconcile this observa- 
tion with the present results. The TMB reaction, the 
procedure most often used to visualize transported 
WGA-HRP,  shows a terminal field as a fine, granular 
deposit in the neuropil. It is possible that, in previous in- 
vestigations of local connections using the TMB method, 
the granular deposit of lightly labeled terminal fields may 
have been difficult to identify and was thus missed. 

Although the injection of a mixture of two tracers, 
one anterograde and one retrograde, avoids the prob- 
lems associated with W G A - H R P  anterograde labeling, 
other problems may be created. To address the issue of 
reciprocity, it is necessary that effective injection sites 
(the areas from which tracer is actively taken up and 
transported) be equal in size for the two tracers. If the 
effective injection sites of the two tracers in the mixture 
are mismatched in size, with, for example, a larger an- 
terograde injection site, more patches might be expected 
to be labeled by the anterograde tracer than from the 
retrograde tracer and these extra patches might be erro- 
neously categorized as being non-reciprocally connected 
to the injection site. If some patches contain retrograde 
labeling from the smaller injection but not anterograde 
labeling from the larger one, however, then these patches 
must represent true non-reciprocal connections. As ar- 
eas containing strictly anterograde and areas containing 
strictly retrograde labeling were seen in all cases in the 
present study, it is unlikely that differences in injection 
site sizes alone could account for the results. Because of 
the problems inherent with proving negative results, 
however, it is easier to unambiguously show that two 
columns are connected reciprocally than to show that 
they are not; reasons can always be postulated as to why 
one of the tracers did not work fully. Other possible 
factors such as differing sensitivities of W G A - H R P  and 
PHA-L uptake, transport and visualization procedures 
might alter the results obtained. However, the fact that 
varying concentrations of W G A - H R P  did not change 
the finding of non-reciprocal projections again suggests 
that technical limitations were not responsible for the 
results. 

Comparison with corticocortical connections 
It has been established that relatively few corticocor- 
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tical pathways are 'one way streets' but, rather, most are 
matched by a reciprocal pro jec t ion  1'3'10"19"38"39"43'45'48'49" 

52,53. In one hodological study encompassing 17 visual 

cortical areas, all connections were reciprocal 4°. 
One of a pair of matching projections can be classi- 

fied as either 'feedforward' or 'feedback', depending on 
the position of the afferent and efferent regions in the 
presumed visual processing hierarchy. Feedforward and 
feedback connections typically have different specific 
laminar distributions of efferent terminals and afferent 
cell bodies 28"56. Feedforward pathways originate in su- 

pragranular layers and terminate mainly in layer IV, 
while feedback pathways originate both in infragranular 
and supragranular layers and terminate mainly in layers 
I and VI. Although first discovered in primates, this dis- 
tinction probably holds for cats and rodents as well 6'41. 
Results from other experiments in our laboratory indi- 
cate that projections from area 18 to area 17 terminate 
mainly in layers I and VI, while those from area 18 to 
area 19 terminate mainly in layer IV and the lower part 
of layer II/III. 

For such pathways as homotypic callosal projections, 
the feedforward/feedback distinction is difficult to make 
because the interconnected areas are, by definition, at 
the same level within the processing hierarchy. These 
special types of reciprocal connections have been termed 
'lateral' and are marked by a symmetric organization in 
which labeled cells and terminals are found in both in- 
fragranular and supragranular layers 56. 

Because local connections are also made between col- 
umns at the same level of the processing hierarchy, we 
might therefore expect them to exhibit some of the fea- 
tures of lateral corticocortical connections, and indeed 
they do. Previous work has shown that locally project- 
ing cells in area 18 are present in all layers 27. When this 
information is added to that of the current study, it can 
be seen that local connections most closely follow the 
organizational plan of lateral corticocortical connections. 

Other notable similarities between local and cortico- 
cortical connections include their patchy distributions. 
Like local connections, corticocortical connections may 
link a single column of cortex to many other discrete, 
spatially separated columns that correspond to the same 
visual field space 1°'22. With this in mind, the incomplete 
spatial coincidence in the distribution of retrograde and 
anterograde labeling from a single injection site may not 
be unique to local connections. Indeed, although most 
previous hodological studies employing a combination of 
anterograde and retrograde t racers  17"3°'32"44"51"54 found 

evidence for corticocortical reciprocity, few of them were 
concerned with point-to-point correspondences between 
individual columns. 

Some experimenters, however, have found evidence 
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for non-reciproci ty upon examining their  data at a finer 

spatial scale. Code and Winer  examined the reciprocity 

of commisural  connect ions in cat pr imary audi tory  cor- 

tex through use of  a mixture of W G A - H R P  and triti- 

a ted amino acids injected at a single locus 4. As  in the 

present  study, the anterograde  and re t rograde  labeling 

were found to have discontinuous and incompletely  

overlapping distributions.  It was also noted,  using the 

same methods,  that complete  reciprocity is lacking in the 

interconnections between the medial  geniculate body and 

the audi tory cortex in the rat  5l. Results from unpub-  

lished exper iments  in our  labora tory  indicate that  the 

patchy connections linking areas 17 and 18 in the cat 

may not show complete  reciprocity.  In the macaque 

monkey  also, connect ions between V2 (area 18) and V1 

(area 17) have been suggested to be non-reciprocal  at 

the columnar level 36. Incomplete  reciprocity at a fine 

spatial  scale may thus characterize other  reciprocal  con- 

nections that are patchy in nature.  

In the patches which were reciprocally connected with 

the injection site, re t rogradely  labeled cells sometimes 

appeared  to be the targets of anterogradely  labeled bou- 

tons. Single cells could thus make reciprocal circuits with 

one column of cortex, both receiving a project ion from 

it, and projecting back to it. This type of circuit has also 

been shown for callosal project ion cells in mouse motor  

cortex, some of which themselves receive synapses from 

callosally project ing cells 31. 

The cell in Fig. 4 receives contacts from what is prob-  

ably, as judged by its morphology,  a basket  cell axon 9" 

37. This type of negative feedback,  if common,  might 

make an important  difference in the influence that ac- 

tivity in one column of cortex has on reciprocally com- 

pared to non-reciprocal ly  connecting columns. 

In the absence of physiological information on the 

functional proper t ies  of the injected column and those 

of the reciprocally and non-reciprocal ly connected col- 

umns, it is difficult to propose  how, or  even if, recipro- 

cal and non-reciprocal  connections function differently. 

What  physiological proper t ies  are likely to be relevant 

to the reciprocity of local connections? As the spatial 

scale of these networks appears  to be finer than the point  

spread function 7, receptive field location is not likely to 

be important .  A column could project  to several o ther  

columns and receive inputs from a different set of col- 

umns and yet, because of the smear  in the visual space 

topography of the cortical map,  both the input and out- 

put columns would have roughly the same visual space 

representat ion.  

A pa ramete r  that  has been shown to be impor tant  in 

the format ion of both local and corticocortical  patchy 

connect ions is the or ientat ion preferences of connected 

columns. However ,  ear l ier  studies have arr ived at oppo-  

site conclusions with regards to whether  the interconnec- 

tions link together  columns with similar ~4 or different 27 

or ientat ion preference.  While  these discrepancies may 

be due to differences between:  (1) long-range ( >  1 mm) 

vs short-range (<1 mm) connections;  (2) area 17 vs area  

18; or  (3) methodologies  and tracers used 26, the fact re- 

mains that or ientat ion selectivity and not ocular domi- 

nance appears  to correlate  with the patchy,  local con- 

nections in visual cortex. Perhaps  other  parameters  

re la ted to or ientat ion selectivity, such as direction selec- 

tivity and end inhibit ion,  require the non-reciprocal  cir- 

cuitry demons t ra ted  in this report .  These possibilities 

await further studies combining functional analysis of 

cortical columns with anatomical  analysis of the reciproc- 

ity of patchy local circuits in visual cortex. 
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