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Recent anatomical investigations of the mammalian neo- 
striatum have uncovered discrete neurochemical zones 
characterized by low levels of AChE and high levels of en- 
kephalin-like immunoreactivity (ELI) compared with the sur- 
rounding neostriatal tissue. These regions, termed strio- 
somes, which appear as patches in individual sections, have 
been associated with specific afferent and efferent path- 
ways that differ from those of the surrounding neostriatal 
tissue. 

In the present study, the 3-dimensional distribution of these 
enkephalin-rich compartments in the caudate nucleus of the 
adult cat was investigated using computer-assisted 3-di- 
mensional reconstruction techniques. Series consisting of 
coronal, sagittal, and horizontal tissue sections were ob- 
tained. In individual sections, discrete patches of intense 
enkephalin-like immunoreactivity appeared against a light- 
er-staining background. 

Three-dimensional reconstructions revealed that these 
patches overlapped across sections to form a highly inter- 
connected structure within the head and body of the caudate 
nucleus. Several structural features were evident in these 
reconstructions that appeared to be similar across animals. 
One consistent pattern was the formation of enkephalin- 
labeled finger-like structures radiating from the ventricular 
edge diagonally across the width of the nucleus. Smaller 
crossbridges were seen connecting the fingers, which often 
resulted in the formation of claws or rings of enkephalin-like 
immunoreactivity. These elements appear to align across 
planes to form a lattice-like structure outlining continuous 
regions of matrix. This structure may provide a basis for the 
orderly interaction between the patch and matrix compart- 
ments. 

The mammalian neostriatum, consisting of the caudate nucleus 
and putamen, is known to be critical for the execution of vol- 
untary movement and may be partly responsible for the “au- 
tomatic execution of learned motor plans” (Marsden, 1982). 
Unlike the cerebral and cerebellar cortices, which exhibit clear 
organizational anatomical features in the light microscope, such 
as a characteristic layered appearance, the neostriatum appears 
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as a relatively homogeneously distributed cell mass. The ma- 
jority of neostriatal neurons belong to a single morphological 
class, the common spiny neuron (Kemp and Powell, 197 1). The 
absence of any obvious structural differentiation and the pre- 
dominance of a single morphological cell type has made it dif- 
ficult to determine what organizational principles might underlie 
information processing in the neostriatum. 

Despite the relatively homogeneous appearance of neostriatal 
tissue in Nissl preparations, it became apparent that consider- 
able biochemical heterogeneity existed within the neostriatum, 
particularly in developing animals (Olson et al., 1972; Butcher 
and Hodge, 1976). An important advance in understanding the 
neostriatum was the discovery that discrete neurochemical com- 
partments can be identified in sections of neostriatum of both 
adult and developing animals stained for AChE (Graybiel and 
Ragsdale, 1978). In their work, Graybiel and Ragsdale observed 
discrete zones, 0.2-0.6 mm wide, that exhibited low AChE ac- 
tivity relative to the surrounding neostriatal tissue. These zones 
of low AChE activity, termed striosomes or patches, were later 
found to correspond to similar mosaic distributions described 
in the striatum for other neurotransmitter markers, neuropep- 
tides, receptors, patterns of afferent termination, and histogene- 
sis during development (Donoghue and Herkenham, 1986; 
Graybiel et al., 198 1, 1986; Ragsdale and Graybiel, 198 1, 1984; 
Goedert et al., 1983; Gerfen, 1984; Graybiel, 1984a; Nastuk 
and Graybiel, 1985; O’Brien et al., 1986; Sandell et al., 1986). 
For example, when alternate sections processed for AChE and 
enkephalin were compared, the AChE-poor zones appeared in 
exact spatial register with patches of high enkephalin-like im- 
munoreactivity (Graybiel et al., 198 1). Similarly, the dopamine 
enriched islands described in developing animals appear in pre- 
cisely the same regions of neostriatum later occupied by the 
AChE-poor striosomes (Graybiel, 1984a). Other striatal afferent 
as well as efferent connections appear to be differentiated with 
respect to these compartments (Graybiel et al., 1979; Herken- 
ham and Pert, 198 1; Ragsdale and Graybiel, 198 1; Gerfen, 1984, 
1985; Donoghue and Herkenham, 1986; Malach and Graybiel, 
1986). 

While these patch compartments have been observed to over- 
lap in adjacent sections throughout the neostriatum, suggesting 
that they form parts of larger structures (Graybiel et al., 198 1; 
Graybiel, 1983), the 3-dimensional organization of this system 
has not been assessed. Recent applications of computer pro- 
grams for 3-dimensional reconstruction of serial tissue sections 
has made it possible to visualize highly complex structures such 
as synaptic endings and their postsynaptic targets (Groves, 1980; 
Groves and Wilson, 1980; Groves and Linder, 1983; Wilson et 
al., 1983). In the present study, these computer techniques were 
employed to investigate the 3-dimensional organization of 
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patches of enkephalin-like immunoreactivity seen in individual 
sections of striatal tissue. We have found that these patches are 
not isolated regions within the neostriatal parenchyma, but rath- 
er are distributed in a remarkably organized, often intercon- 
nected 3-dimensional lattice with anatomical features that ap- 
pear to be consistent from brain to brain. This lattice may 
represent an important structural framework for understanding 
the functional organization of the mammalian neostriatum. A 
preliminary report of this work has appeared in abstract form 
(Martone et al., 1986). 

vessels for registration. Data input and reconstruction programs were 
used to align the sections using a least-squares algorithm and to generate 
3-dimensional color reconstructions at a specified angle of view with 
hidden-line suppression and depth cuing. Images could be rotated on 
the x, y, and z axes. Black-and-white images were obtained by photo- 
graphing the reconstructions directly off the computer screen. The data 
input and reconstruction programs used were modifications of those 
developed by Young et al. (1987). 

Reconstructions were obtained from both caudate nuclei from 5 brains: 
2 from series of coronal sections, 2 from horizontal series, and 1 from 
sagittal series. Coronal and horizontal reconstructions were based on 
every other or every third section, while the sagittal reconstruction 
contained every section. 

Materials and Methods 
Immunocytochemistry. Adult mongrel cats were anesthetized deeply 
with pentbbarbitol (Nembutol) and perfused transcardially with 500 ml 
0.1 M sodium nhosnhate buffer CuH 7.2). followed bv l-2 liters of 4% 
paraformaldehide or 4% parafo&aldegyde and 0. [o/o glutaraldehyde 
in 0.1 M phosphate buffer. Blocks of tissue containing the entire rostro- 
caudal extent of the neostriatum were postfixed for 24-48 hr at 4°C in 
the same fixative with no glutaraldehyde and then transferred to 20% 
buffered sucrose for an additional 48 hr or until the tissue sank. Tissue 
blocks were frozen and 50-pm-thick serial sections were cut on a sliding 
microtome in the coronal, horizontal, or sag&al plane and collected in 
0.1 M phosphate buffer. Those sections not processed immediately for 
immunocytochemistry were transferred to a solution of glycerol-eth- 
ylene glycol in 0.1 M phosphate buffer and stored at - 20°C. 

Series containing every section, every other, or every third section 
were processed for immunocytochemistry with antibodies against leu- 
enkephalin using a modification (Armstrong et al., 198 1) ofsternberger’s 
(1979) peroxidase-antiperoxidase (PAP) technique. The following steps 
were included in this procedure: (i) 3d min incubation in 3% nor&al 
goat serum (NGS) in 0.1 M Tris-HCl buffer containing 0.9% saline (TBS, 
pH 7.4) and 0.25% Triton X-100; (2) 48 hr incubation at 4°C with 
antiserum raised in rabbit against leu-enkephalin (Immunonuclear) di- 
luted 1:2000 with TBS-Triton containing 1% NGS: (3) 60 min incu- 
bation with goat anti-rabbit IgG (Cappelj diluted l:>od with TBS-1% 
NGS; (4) 60 min incubation with rabbit PAP complex (Cappel) diluted 
1:400 with TBS-1% NGS; (5) 10 min incubation in 3-3’-diaminoben- 
zidine (40 mg/l50 ml) in 0.1 M Tris-HCl (pH 7.4) containing 0.01% 
hydrogen peroxide and 0.004% nickel chloride. Addition of the nickel 
chloride results in a purple reaction product and serves to intensify the 
labeling. Two 10 min washes were performed between each step. All 
incubations were performed at room temperature unless otherwise not- 
ed. Sections were mounted on gelatin-coated slides, dehydrated through 
a graded series of alcohols, cleared, and coverslipped. 

In individual sections, peroxidase reaction product was local- 
ized within numerous varicose processes distributed in densely 

Results 

stained patches, 200-500 pm in diameter (Fig. 1). No perikarya 
containing ELI were seen. Reconstructions obtained from co- 
ronal, horizontal, and sagittal section series revealed that the 
patches of ELI seen in individual sections overlap across sec- 
tions to form a highly interconnected lattice-like structure 
throughout the head and body of the caudate nucleus. In several 
instances, a series of overlapping patches could be followed 
through 50 or more sections (approximately 5 mm). A consid- 
erable degree of interconnection existed between patches, though 
it did not appear that they formed a single large network. Ex- 
amination of these reconstructions revealed that, although the 
form of these networks is complex, certain regularly repeating 
structural features are apparent. 

Specificity of the immunocytochemical labeling procedure was as- 
sessed by omitting the primary antiserum from step 2 or substituting 
the primary antiserum with antiserum preabsorbed with 250 pg/ml of 
synthetic leu-enkephalin (Penninsula). Both procedures resulted in a 
complete lack of specific staining within the caudate nucleus. However, 
since it is possible that the primary antiserum may cross-react with 
some pro-hormone or structurally similar molecule, the term enke- 
phalin-like immunoreactivity (ELI) will be used throughout this report. 

Three-dimensional reconstructions. As others have observed, ELI was 
distributed in the caudate nucleus of the cat in densely stained, irreg- 
ularly shaped patches (Fig. 1). The intensity of immunolabeling within 
these patches was in sharp contrast to that in the surrounding matrix 
over much of the caudate nucleus. Because the patches were consid- 
erably less distinct in the putamen and at more posterior levels of the 
caudate nucleus, only those patches within the head and body of the 
caudate nucleus were reconstructed. The boundary of the caudate nu- 
cleus and the outlines of the patches of intense ELI were drawn for each 
section using a 1 x objective on a Leitz Ortholux II microscope with 
camera lucida attachment. The ventral boundary of the caudate nucleus 
was defined according to the criterion of Berman and Jones (1982). 
Major blood vessels were also included in the drawings to aid in reg- 
istration. 

The outlines of the patches and the boundaries of the caudate nucleus 
along with fiducial marks for each section were digitized using a high- 
resolution tracina tablet (Sumaarauhics Sunerarid) and an IBM PC-AT- 

-  I  I  

compatible computer system. sducial marks were determined by over- 
lapping consecutive drawings on a light box and aligning the sections 
using the contours of the caudate nucleus and several major blood 

Reconstructions based on coronal and horizontal sections are 
shown in Figures 2-5. A consistent feature of these reconstruc- 
tions is the presence of regularly spaced “fingers” of ELI, ap- 
proximately 300 pm in width, radiating from the ventricular 
edge ventrolaterally across the width of the caudate nucleus to 
the medial edge of the internal capsule. Six fingers are clearly 
visible in the reconstructidn based on coronal sections (every 
third section) shown in Figure 2 (see arrows) and at a different 
angle of view in Figure 3. The number of fingers does, however, 
vary at different anterior-posterior levels. These fingers are also 
visible in reconstructions based on horizontal sections (Figs. 4, 
5, see cover illustration) and sagittal sections (not shown). Fin- 
gers were generally separated by distances of 400-700 pm in 
both the coronal and horizontal planes, although the separation 
was not always constant along the length of adjacent fingers. 
These fingers were most clearly defined at more anterior levels 
of the striatum and were generally larger in diameter anteriorly 
(350 pm) than posteriorly (250 pm). The radial pattern of the 
fingers can be seen clearly in reconstructions based on a smaller 
number of horizontal sections (Fig. 5). At more anterior levels, 
the fingers generally curved from front to back, while at more 
posterior levels, they appeared to curve rostrally, almost per- 
pendicular to the coronal plane. This change in orientation is 
consistent with the observation that individual patches seen in 
coronal sections change from large, diagonally oriented struc- 
tures at anterior levels to smaller, circular profiles at posterior 
levels (Graybiel et al., 198 1). 

Numerous ELI crossbridges, which were generally smaller in 
width than the main fingers, were observed linking these fingers 
together in the coronal, horizontal, and sag&al planes (see large 
arrow, Fig. 5). Often this resulted in the formation of rings or 
“claws” of ELI surrounding areas of matrix devoid of patches. 
As seen in the stereo pairs in Figures 3 and 4, which show 
reconstructions based on coronal and horizontal sections, re- 
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Figure I. Low-power photomicrograph 
LK lateral ventricle; P, putamen. 

of ELI in cat striatum showing patches of intense ELI (arrow). CN, caudate nucleus; IC, internal capsule; 

spectively, the fingers of ELI connected by crossbridges appeared lateral, and dorsal-ventral dimensions, giving the impression 
to be aligned in both the coronal and horizontal planes. Because of a 3-dimensional lattice. This arrangement is represented sche- 
of this regularity, continuous regions of matrix could be seen matically in Figure 6. Most striking, in coronal reconstructions, 
running between the fingers in the anterior-posterior, medial- the rings and claws of ELI formed by the intersection of the 
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Figure 2. Reconstruction of enkephalin patches based on 58 coronal sections (every third section) through the head of the caudate nucleus of the 
left hemisphere viewed from the front. Arrows point to fingers of ELI seen radiating from the medial edge across the width of the caudate nucleus. 
In this and subsequent figures, sections are shaded from front to back so that more posterior structures appear darker. M, medial; L, lateral. 

fingers and crossbridges appeared to line up across sections to 
define longitudinal cylindrical domains of matrix ensheathed 
by tubes of ELI (Fig. 3, arrow). These domains could be followed 
for variable distances through the head of the caudate nucleus 
and varied in diameter from 200 to 1000 pm. 

The diagonally oriented fingers and longitudinal tubes were 
observed in all brains examined regardless of plane of section 
and the number of sections used in the reconstruction. When 
reconstructions based on limited numbers of sections at com- 
parable levels of the caudate nucleus were examined, a striking 
similarity was apparent between different cats in the overall 
organization of the network. Figure 7 shows 2 coronal recon- 
structions of a series covering approximately 1 mm through the 
anterior head of the caudate nucleus from the left hemisphere 
of 2 cats. Both the placement of the diagonal fingers of ELI as 
well as the rings of ELI have direct counterparts in the 2 images. 
Such correspondences were not always this clear, however, which 
may reflect slight differences in plane of sectioning between 
animals as well as individual differences. Although not shown, 

similar general correspondences were observed in the form of 
the network in the caudate nucleus between the 2 hemispheres 
in the same brain. 

Discussion 
The present study provides the first detailed 3-dimensional view 
of ELI patches in the caudate nucleus of the cat. The most 
striking feature in these 3-dimensional reconstructions is the 
presence of large fingers of ELI radiating diagonally across the 
medial-lateral extent of the caudate nucleus. Numerous cross- 
bridges are also seen linking these fingers together in all dimen- 
sions. The pattern formed by these large fingers and intercon- 
necting crossbridges suggests that a highly organized, lattice-like 
network of ELI may exist within the caudate nucleus. Prelim- 
inary comparisons suggest that the form of this network is sim- 
ilar from brain to brain. Because the AChE-poor zones have 
been shown to correspond to patches of ELI with few exceptions 
(Graybiel et al., 198 l), it is likely that the striosmal compartment 
also takes this form. In fact, other researchers have proposed 
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Figure 3. Stereo pair of reconstruction of enkephalin patches shown in Figure 2 at a different angle of view. The image is rotated to the right on 
the y axis so that the medial or ventricular edge of the caudate nucleus is visible. Insert, Perimeter contours of the caudate nucleus from these 
same sections in the same rotation to aid in orientation. Arrow points to a cylindrical longitudinal domain of matrix defined by the network of 
ELI. The left figure is rotated 40” to the right and the right figure is rotated 35”. 

some of the features evident in our reconstructions, such as the 
diagonal fingers and ring-like elements, from an analysis of lim- 
ited numbers of sections stained for a variety of striosomal 
markers(Goldman-Rakic, 1982; seediscussion, Graybiel, 1984b; 
O’Brien et al., 1986). 

Although the source of the ELI processes within the patches 
could not be identified in our material, other investigators have 
localized striatal enkephalin within a subpopulation of common 
spiny neurons (Pickel et al., 1980; Di Figlia et al., 1982; Penney 
et al., 1986). No extrinsic source of enkephalin has yet been 
identified in the striatum (Takagi, 1986). The spiny neuron is 
known to possess an extensive axon collateral field which is 
typically coextensive with its dendtitic arborization (Wilson and 

Groves, 1980). Since the dendritic fields of identified spiny neu- 
rons tend to be confined within patch boundaries (Penney et al., 
1984; Bolam et al., 1985; Gerfen, 1985), it is likely that the ELI 
patches represent the dendritic or local axonal fields of these 
neurons. However, since enkephalinergic neurons are found both 
within patch and matrix compartments (Graybiel and Chesselet, 
1984a), it remains to be determined what unique characteristics 
of patch regions result in the intense ELI staining observed 
within this compartment. 

Several lines of evidence support the possibility that patch 
regions represent a specialized processing system within the 
striatum. Studies that have compared patterns of afferent ter- 
mination with the striosomal compartment have shown that 

Figure 4. Stereo pair of one recon- 
struction through the head of the cau- 
date nucleus ofthe left hemisphere based 
on 80 horizontal sections (every other 
section) viewed from the back. The im- 
ages are rotated to the left so that the 
lateral edge of the caudate nucleus is 
visible. The tail of the caudate can he 
seen at the top right of the figure. Insert, 
Perimeter contours of the caudate nu- 
cleus from these same sections in the 
same orientation. The images are ro- 
tated on the y axis 60” and 65”, respec- 
tively, to the left. 
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Figure 5. A, Partial reconstruction of 
enkephalin-like patches based on 10 
horizontal sections viewed from above. 
Small arrow points to finger of ELI ra- 
diating from the medial edge; Large ar- 
row points to smaller crossbridge that 
appears to be connecting 2 adjacent fin- 
gers. B, Reconstruction of entire series 
of caudate nucleus outlines rotated 90” 
relative to A to provide an edge-on view. 
Sections used in A are shown in dark 
gray. M, medial; L, lateral; A, anterior; 
P, posterior. 

Figure 6. Simplified schematic draw- 
ing of the structure of the network of 
ELI as it would appear in a region of 
the cat caudate nucleus several milli- 
meters thick. Small outline gives the 
orientation of the figure. The illustra- 
tion is based on computer-assisted 
3-dimensional reconstructions derived 
from serial coronal, horizontal, and 
sagittal sections. L, lateral; A, anterior. 
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Figure 7. Reconstructions of patches of ELI from coronal sections from 2 different animals (A. every third section; B, every other section). Both 
reconstructions cover approximately 1 mm through comparable levels of the head of the caudate nucleus. Arrows point to regions that appear to 
be similar in the 2 brains. M, medial; L, lateral. 

projections from several cortical and thalamic areas terminate 
preferentially within either the striosomes or the extrastriosomal 
matrix (Goldman-Rakic, 1981; Herkenham and Pert, 1981; 
Ragsdale and Graybiel, 198 1; Gerfen, 1984; Donoghue and Her- 
kenham, 1986; Malach and Graybiel, 1986). Retrograde tracing 
studies suggest that the efferent pathways of patch and matrix 
may also be distinct. Neurons lying within the matrix project 
preferentially to globus pallidus and substantia nigra, pars re- 
ticulata (Graybiel et al., 1979; Gerfen, 1985), while neurons 
within the patches project to other regions, possibly the sub- 
stantia nigra, pars compacta (Gerfen, 198 5; Jimenez-Castellanos 
and Graybiel, 1985). Both intracellular injections of HRP (Pen- 
ney et al., 1984) and retrograde tracing studies (Gerfen, 1985) 
have shown that the dendritic fields of labeled neurons lying 
within the patches are completely confined within the bound- 
aries of the patch. Cell bodies containing substance P and dy- 
norphin have also been found to be clustered in striosomes in 
the dorsal striatum (Graybiel and Chesselet, 1984b). In contrast 
to the view of the neostriatum as a homogeneously distributed 
cell mass (Kemp and Powell, 197 l), the above data suggest that 
the network of ELI reflects an underlying regularity in the cy- 
toarchitecture of the neostriatum. It remains to be determined 
how differences in the dimensions of the lattice, e.g., decreases 
in the diameter of the fingers posteriorly, relate to cellular fea- 
tures such as numbers of cells per finger and size of dendritic 
arbors. 

The significance of such a lattice is not yet clear. The 
3-dimensional structure of the striosomal compartment appears 
to be organized so as to interface in an orderly fashion with all 
areas of matrix. However, there is some question whether the 

striosomal system may be viewed as unitary. It appeared in our 
material and in others’ (see discussion in Graybiel, 1984b) that 
the enkephalin patches were not interconnected in one large 
network but that 2 or more networks were likely present. In 
addition, it appears that both the afferent innervation and his- 
tochemistry of the striosomes may differ along the dorsal-ven- 
tral axis. For example, substance P-rich zones appear to char- 
acterize the striosomal compartment dorsally, while substance 
P-poor zones predominate ventrally (Graybiel et al., 1981; per- 
sonal observations). In addition, certain prefrontal areas project 
preferentially to the striosomes dorsally and just miss them 
ventrally (Ragsdale and Graybiel, 198 1, 1984). Further work is 
needed to determine whether separate striosomal networks ex- 
ist, each with a unique functional, hodological, and histochem- 
ical identity, and/or whether individual networks gradually 
change in character along a particular dimension. 

The observed distribution of ELI in diagonally and longitu- 
dinally oriented structures is consistent with several recent de- 
scriptions of the termination pattern of striatal afferents. The 
neostriatum receives afferent projections from all areas of the 
cerebral cortex, the intralaminar thalamic nuclei, and the sub- 
stantia nigra (see Nauta and Domesick, 1984, for review). Early 
work on the cortical projection using classical silver degenera- 
tion techniques suggested that the neocortex projects in a simple 
topographic relationship to the underlying neostriatum, al- 
though considerable overlap occurs between adjacent projection 
zones (Kemp and Powell, 1970). However, recent studies using 
anterograde tracers indicate that several cortical areas project 
more extensively throughout the neostriatum than previously 
thought (Yetarian and Van Hoesen, 1978; Chapin et al., 1985; 
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Selemon and Goldman-Rakic, 1985). Selemon and Goldman- 
Rakic (1985) reporting on corticostriatal projections in the pri- 
mate, found that all areas of association cortex examined pro- 
jected to topographically restricted longitudinal strips thoughout 
the rostral-caudal extent of the caudate nucleus. When viewed 
in coronal sections, these termination patterns were seen as 
diagonal bands extending across the width ofthe caudate nucleus 
into the putamen. Projections from several thalamic nuclei also 
appear to terminate along widespread rostral-caudal areas of 
the striatum (Kalil, 1978; Beckstead, 1984). Interestingly, Kalil 
(1978) described “longitudinally oriented cylinders” of labeling 
in restricted sectors of the primate putamen after injections of 
tritiated amino acids into the centromedian thalamic nucleus. 

Currently, with the exception of the dopaminergic input from 
the substantia nigra (Moon-Edley and Herkenham, 1984; Ji- 
menez-Castellanos and Graybiel, 1985) the only other projec- 
tion identified to the patch system has been from regions of 
prefrontal cortex (Ragsdale and Graybiel, 198 1; Gerfen, 1984; 
Donoghue and Herkenham, 1986) and the amygdala (Ragsdale 
and Graybiel, 1984). All other cortical and thalamic regions 
examined so far have terminated within the matrix (Herkenham 
and Pert, 198 1; Donoghue and Herkenham, 1986; Malach and 
Graybiel, 1986). The general longitudinal topography demon- 
strated for cortical and thalamic afferents to the striatum sug- 
gests that the inputs described above may be terminating within 
the longitudinal zones of matrix delineated by the ELI lattice. 
If this is the case, the lattice structure we described may reflect 
the subdivision of the neostriatal matrix into specialized pro- 
cessing modules and the means by which information processed 
within the patch system can be readily interfaced with them. 

Although it is possible that the patch system may circumscribe 
large functional regions of matrix, recent evidence indicates that 
these regions are themselves further subdivided. A number of 
studies of corticostriatal afferents have shown that projections 
from several cortical areas terminate in a discontinuous patchy 
fashion within the matrix (Goldman and Nauta, 1977; Tanaka, 
et al., 1981; Selemon and Goldman-Rakic, 1985; Donoghue 
and Herkenham, 1986; Malach and Graybiel, 1986). Double- 
labeling anterograde tracing studies have shown that even cor- 
tical regions that appear to terminate within a given striatal 
region interdigitate with, rather than overlap, one another (Sele- 
mon and Goldman-Rakic, 1985; Malach and Graybiel, 1986). 
For example, a recent study on the projection from primary 
somatosensory cortex to the caudate nucleus of the cat described 
a topographic patchy distribution of cortical efferents from su- 
perficial and deep cutaneous sensory modalities (Malach and 
Graybiel, 1986). 

It will be important to determine the 3-dimensional organi- 
zation of these “matrix natches” and their spatial relationshiD 
to the striosomal system. The 3-dimensional organization of the 
matrix patches comprising a given submodality may be similar 
to that of the striosomal system within a sector of the striatum. 
Additional understanding of the functioning of the striatum and 
its pathways should arise, for example, by examining whether 
the striosomal system interfaces with all submodalities or only 
with a certain subset. Information from a system subserving a 
particular function may undergo lateral inhibitory interactions 
within its patch system via the collateral network of common 
spiny neurons (Groves, 1983). These interactions would likely 
refine and sharpen patterns of input. It may be presumed that 
similar interactions occur in adjacent modules involving dif- 

resent a structural scheme for interfacing different functional 
systems and thereby interrelating the consequences ofprocessing 
these differentiated patterns of input. 
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