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Abstrsct-Cytoarchitectonically defined cell-dense islands and regions of low acetylcholinesterase reactiv- 
ity referred to as striosomes have been regarded as equivalent markers of the non-matrix compartment 
in the neostriatum. We examined islands and striosomes in adjacent sections to determine the degree of 
correspondence between the two neostriatal compartmental markers. Islands are aggregated centrally 
within the caudate, whereas striosomes are located throughout the entire nucleus, including the 
dorsolateral and ventromedial sectors. Moreover, even within the central sector, striosomes are more 
prevalent than islands. The present quantitative analysis suggests that islands may be further characterized 
as acetylcholinesterase-poor since the vast majority of islands co-localize with striosomes. However, due 
to the fact that striosomes are more numerous and more widely distributed throughout the neostriatum, 
less than a third of all striosomes are coincident with islands in adjacent sections. Comparison of each 
of these compartmental markers with the patterned terminal field of the prefrontal cortical projection 
revealed a near one-to-one correspondence between islands and terminal-free zones in the prefrontal 
projection. The percentage of striosomes which are aligned with fenestrations in the prefrontal projection 
is also quite high; however. because more striosomes than islands arc found within the prefrontal terminal 
domain, some striosomes that fit within terminal-free zones do not have corresponding islands. 

These results indicate that islands and striosomes are not entirely equivalent compartmental markers 
and further suggest that contemporary, two-compartment models may not adequately represent the 
heterogeneity of the neostriatum. 

The original reports of compartmentalization of the 

neostriatum arose from three independent lines of 

investigation. Cytoarchitectonic analysis in monkey 
revealed the presence of two cytologically distinguish- 
able compartments, cell-dense “islands” and a sur- 
rounding, relatively less cell-dense “matrix”, and 
these cytoarchitectonically defined islands were 
shown to correspond to the terminal-free holes in the 
prefrontal corticostriatal projection.” Histochemical 
study of the neostriatum in several species led to the 
discovery of “striosomes”, areas of low acetylcholin- 
esterase (AChE) activity that are embedded in an 
AChE-rich background. ” Around the same time, a 
third compartmental organization was uncovered in 
rat, based on the distribution of “patches” of dense 
opiate receptor binding in autoradiograms.‘.4P~5* 

Following these initial reports of heterogeneity in 
the neostriatum, non-uniformity in the distribution of 
numerous neostriatal transmitters, enzymes, recep- 
tors, and neostriatal afferents and efferents has been 
described eg. 2.4,7-16,18,22.23,2629,)1.JM6,41-44A7,47,48,5l~55,5~ and, 
in most cases, a correlation between the newly discov- 
ered patterning and either cell-dense islands, strio- 
somes or opiate receptor patches has been reported. 
However, the relationship of these compartmental 
markers to one another has never been resolved. 

*To whom correspondence should be addressed. 
Abbreviations: AChE, acetylcholinesterase; ChAT. choline 

acetyltransferase. 

While a correspondence has been found between 
opiate receptor patches and striosomes in the rat34 
and opiate receptor patches and cell-dense islands 
in the monkey, 33 the latter correspondence has 
not been shown in the rat.39 The relationship of 
islands to striosomes seems to be even more complex. 
A previous study of striosomes and cell-dense islands 
in the cat found very limited correspondence between 
the two compartmental markers.22 

In the present study, we have adopted a quantitat- 
ive strategy to assess the degree of correspondence 
between islands and striosomes in adjacent sections 
of the monkey neostriatum. We have counted the 
number of matches and mismatches in order to assess 
the degree of correspondence between these compart- 
mental markers. In addition, we have labeled the 
prefrontal striatal projection to determine “goodness 
of fit” between the unlabeled fenestrations in the 
projection and compartmental subdivisions of the 
neostriatum. 

EXPERlMENTALPROCEDURES 

Subjects and experimental plan 

Five adult rhesus monkeys were selected for this study. 
Four of these animals were subjects for a study of striato- 
fugal projections reported elsewheres7 and therefore received 
concurrent inject&s of fluorescent dyg in the globus 
pallidus and substantia nigra. The fifth Case received an 
injection of wheat germ agglutin&horseradish peroxidase 
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in another cortical area for an unrelated study of cortico- nine pairs of Thionin-stained sections and autoradiograms 
thalamic connections.” were analysed. 

In all five cases, multiple injections of tritiated amino 
acids were placed in the dorsal and ventral banks of the 
principal sulcus. Following a one-week survival period, the 
brains were perfused with a formaldehyde fixative, removed 
from the skulls and blocked in the coronal plane. All blocks 
were sectioned on a freezing microtome at 40 pm. A series 
of four to six adjacent sections were collected at 40O~m 
intervals throughout the head of the caudate. One section in 
this series was stained for Nissl substance with Thionin, and 
a second was processed autoradiographically to localize the 
projection from the principal sulcal cortex. In three of the 
five cases, a third section from this series was reacted 
histochemically to demonstrate AChE staining. 

Perfwion 

Under deep barbituate anesthesia, the monkeys were 
perfused intracardially with l-2 1 of phosphate-buffered 
saline followed by 0.5-1.0 1 of 4% paraformaldehyde fixa- 
tive in phosphate buffer and an additional 3-4 I of fixative 
containing increasing concentrations of sucrose (1.5-30%). 
All perfusate solutions were cooled to 4°C and maintained 
at a pH of 7.4. Once removed from the skull, the brains were 
stored in fixative containing 30% sucrose overnight in the 
refrigerator. 

Cell-dense islands were identified in the Thionin-stained 
material under low-power, bright-field illumination on a 
Leitz Orthoplan microscope and drawn using a camera 
lucida at 2.5 x magnification. The location of islands was 
checked at higher magnification as in many instances islands 
were more easily resolved at higher power. Striosomes, as 
well as zones of darker than background AChE staining, 
were visible under low-power, dark-field illumination. The 
magnification of the caudate nuclei in the AChE sections 
was adjusted to match the size of the Thionin-stained 
caudate nuclei. The major landmarks used to match AChE 
sections to drawings of Thionin-stained sections were the 
ventral border of the lateral ventricle, the internal capsule 
and blood vessels within the caudate nucleus. Once the 
sections were aligned optimally, striosomes and dark areas 
of AChE staining were drawn with the camera lucida. 

Autoradiographic sections were photographed under low- 
power dark-field illumination. and prints were scaled to fit 
the outline of the caudate nucleus in the drawings of 
Thionin-stained or AChE-reacted sections, again relying on 
the ventricular border, internal capsule fibers and blood 
vessels for proper alignment. The drawings were then super- 
imposed on the prints, and the borders of the prefrontal 
terminal field, as well as any holes or fenestrations within the 
field, were drawn. 

Autoradiography 

Equal parts of tritiated proline (specific activity 20-40 
Ci/mmol) and leucine (specific activity > 110 Ci/mmol) were 
evaporated and reconstituted in distilled water to a final 
concentration of 100 pCi/pl. Multiple small (0.2-0.3 ~1) 
injections of tritiated isotope were placed at depths of 1.5 
and 3.5 mm from the pial surface in the dorsal and ventral 
banks of the principal sulcus. The total amount of isotope 
injected in each animal ranged from 300 to 400 pCi. Frozen 
sections were mounted on glass slides, air dried and coated 
with tritium-sensitive emulsion. The sections were then 
exposed for 12-16 weeks at -20°C in the dark and devel- 
oped as described in detail by Goldman and Nauta.” 

Technical note 

Acetylcholinesterase histochemistry 

The method utilized for AChE staining was based on the 
protocol of Karnovsky and Roots” and is described briefly 
here. Frozen sections were placed immediately into an ice- 
cold solution of saturated sodium sulfate until they could be 
reacted. Free-floating sections were incubated in a dilute 
(0.1 M) acetate buffer solution containing 3.9 mM acetyl- 
thiocholine iodide, 0.01 M glycine, 2 mM curpic sulfate, and 
0.195 M promethazine hydrochloride, an inhibitor of pseu- 
docholinesterases, for 30min at 40°C. Following the incu- 
bation period, sections were rinsed six times in distilled 
water and transferred to a 1.25% solution of sodium sulfite 
for I min at room temperature. Sections were rinsed six 
times in distilled water, placed in a 1% silver nitrate solution 
for 1 min, rinsed six times again in distilled water and 
transferred into a 5% solution of sodium thiosulfate for 
5 min. Following a final set of rinses in distilled water, 
sections were mounted onto subbed slides, air dried and 
coverslipped with Permount. 

Data analysis 

In the three cases in which Thionin-stained, autoradio- 
graphically processed and AChE-stained sections were 
available, 16 triplets of sections through the head of the 
caudate were selected. In one of these cases, two other pairs 
of sections were analysed only for the correspondence 
between striosomes and islands due to inadequate auto- 
radiography in the adjacent section, and a third pair was 
analysed only for the correspondence between islands and 
the prefronto striatal projection because the AChE staining 
was poor in the adjacent section. In two additional cases, 

It should be emphasized that comparison of islands, 
striosomes and terminal labeling was made on either pairs 
or triplets of sections that were 40 pm in thickness. Analysis 
of the relationship between islands and striosomes was 
performed on adjacent sections, whereas comparison of 
islands and striosomes to the prefrontal projection was 
made on paired sections that were separated by one or two 
intervening sections (40-80 pm). In four of the five cases in 
which islands were compared with the prefrontal projection, 
two sections intervened between the autoradiograms and 
Thionin-stained sections; in the fifth case, only one section 
was between them. Likewise, only a single section intervened 
between AChE-stained sections and autoradiograms in all 
three cases in which these sections were analysed. When two 
compartmentally distributed markers are analysed on adja. 
cent sections, it is not reasonable to expect a perfect 
correspondence between markers even when they identify 
the same compartment. Consider a cell island that is 
approximated by a sphere measuring 500 pm in diameter. In 
any plane of section, about 12 sections will include slices of 
this island. When pairs of sections are analysed in order to 
determine the correlation between islands and striosomes, 
all pairs (five) falling totally within the boundary of the 
island will include slices of the island and corresponding 
striosome and therefore will match. However, two pairs of 
sections, one including the first slice of the island and 
adjacent section outside the island and the other including 
the last slice of island and adjacent outside section, will not 
match, Thus, even if islands and striosomes have an exact 
one-to-one correspondence. only five of seven (- 70%) pairs 
will match when adjacent sections are examined. Of course, 
if the compartments are elongated in the anterior-posterior 
direction, a greater degree of correspondence might be 
expected, In this analysis, the figure of 70% has been 
chosen as the minimum level of match to establish a 
correspondence. 

RESULTS 

The present analysis was restricted to the head and 

body of the caudate nucleus since striosomes and 41 
islands are most readily identified in this portion of 
the neostriatum. The rostra1 caudate receives a dense 
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projection from the dorsolateral prefrontal cortex; 
thus analysis of this region enabled us to examine 
the relationship of compartmental markers to the 
patterned termination of the prefrontal projection. 

CELL-DENSE ISLANDS STRIOSOMES 

In Nissl-stained sections, islands as defined by 
Goldman-Rakic” appeared as circular or ovoid clus- 
ters of neurons that were more densely packed than 
the surrounding neuropil and typically measured 
0.5-1.0 mm along the longest axis. The islands were 
set apart from the striatal matrix compartment by 
narrow, cell-sparse belts that encapsulated them com- 
pletely, The majority of cell islands were observed in 
the central sector of the caudate. In many sections 
narrow, elongated, darkly staining cell formations 
could be identified at low magnification. These “cor- 
ridors” typically extended dorsomedially to ventro- 
laterally in the caudate nucleus in the coronal plane 
of section. Upon examination at higher power, corri- 
dors were resolved into stacks of adjacent cell islands, 
each with its own cell-sparse capsule in contiguity 
with that of its dorsal and ventral neighbors’ 

capsules. 
AChE staining produced a complex patterning of 

medium dark background intensity with patches of 
lighter and darker staining scattered throughout the 
caudate nucleus. Many of the patches of light AChE 
staining, which have been termed striosomes by 
Graybiel and Ragsdale, were identical in size and 
shape to cell islands. Some sections contained strio- 
somes that were elongated forming a tubular shape, 
and these elongated striosomes often matched stacks 
of neighboring cell islands in adjacent sections. 

Autoradiographic grains representing the terminal 
field of the prefrontostriatal projection extended from 
the rostra1 tip of the caudate to the ventral tail. In 
coronal sections, labeling was distributed centrally 
within the caudate and formed a complex pattern of 
dense areas of label that sharply avoided round or 
ovoid territories, as has been described previously.20*s6 

Comparison of islands and striosomes 

In 16 triplets of Nissl, autoradiography and AChE- 
stained sections and two additional pairs of Nissl- 
and AChE-stained sections, a total of 86 cell islands 
were identified. Striosomes were more numerous in 
these same sections: a total of 211 AChE-poor strio- 
somes were found. Of the 86 islands examined, the 
majority (74%; 64/86) matched AChE-poor strio- 

Fig. 1. Three pairs of adjacent Nissl-stained and AChE-re- 
acted sections from Case 011786. On the left, the location 
of cell-dense islands is indicated by dotted outlines (A, C, E). 
The distribution of cholinesterase-poor striosomes is shown 
by solid outlines on the right (B, D, E). Matches between 
islands and striosomes are indicated by stars in the paired 
drawings. Fiber bundles of the internal capsule are filled 

with stippling. 

somes in adjacent sections (Table 1, Fig. 1). Another 
8% (7/86) correlated with regions of moderate AChE 
staining and 17% (15/86) corresponded to AChE- 
dense patches. In many instances in which an island 
was found to have a companion striosome in the 
adjacent section, the match was strikingly exact: the 
paired island and striosome were the same size and 
shape and the borders were perfectly aligned (Fig. 2). 

Table 1. Percentage of islands with corresponding striosomes 

Total AChE- AChE AChE+ % AChE- islands/ 
Case islands islands islands islands total islands 

013086 17 13 2 2 76 
011786 27 21 0 6 78 
043086 42 30 5 7 71 

Total 86 64 7 15 74 

AChE- islands, islands with corresponding striosomes; AChE islands, islands 
located within background AChE staining; AChE+ islands, islands corre- 
sponding to patches of dense AChE staining. 
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More over, as mentioned above, the stacks of islands same sections, less than a third (32%; 681211) V 

that Formed “corridors” were often in complete aligned with cell islands (Table 2, Fig. 1). The P 
congr uitp with ~y~ind~cally shaped striosomes. ence of large numbers of striosomes that do not 1: 

Of the 211 striosomes that were mapped in the an associated ceil island is to be expected fror n 

Fig. 2. High power views of a Nissl-stained autoradiogram (A) and an adjacent AChEreacted section 
(B}, Arrowheads point to a cell-dense island in A and a ~~esponding AChE-poor striosome in 3. Note 
that the cell-sparse capsule surrounding the island lies outside the area of correspondence. Thick arrows 
indicate a dense cluster of silver grains which represents prefrontal terminal labeling in the matrix 
~omparfment. Asterisks indicate the location of a prominent blood vessel in these adjacent sections. x 60. 

Table 2. Percentage of striosomes with corresponding islands 

Total Islands+ Islands- % Islands+ strios./ 
Case strios. strios. strios. Total strios. 

013086 55 21 34 38 
011786 72 21 51 29 
043086 84 26 58 31 

Total 211 68 143 32 

Islands’ strios., striosomes with corresponding islands; Islands” 
strios., striosomes without corresponding islands. 

Vere 
res- 

the 



Necstriatal ~orn~rtrnen~ in the primate 

Table 3. Percentage of islands corresponding to fenestrations in the prefrontostriatal 
projection 

Mands w/i PSP- PSP PSP’ % PSP- isIands/ 
Gase PS proj. islands islands islands islands w/i PS proj. 

013086 15 12 2 I 80 

011786 22 I7 4 1 043086 28 3 3 ;; 
050186 31 

:: 
5 I 81 

040286 20 18 2 0 90 

Total 116 94 16 6 81 

Islands w,‘i PS proj., islands within the prefronlost~atal projection field: PSP- islands, 
islands co~es~nding to areas devoid of prefro~tost~atai terminal labeling; PSP 
islands, islands corresponding to light prefrontostr~atal terminal labeiing; PSP+ 
islands, islands corresponding to dense prefrontostriatal terminal labeling. 

187 

relative incidence of striosomes and islands. To some 
degree, the disproportionate number of striosomes is 
a reffection of the more widespread distribution of 
strio~mes relative to cell islands, as discussed below. 
However, even when ony those striosomes lying 
within the prefrontal projection were considered, less 
than half (40%; 47/l 17) were coincident with islands. 

Islands, striosames and pa rterning within the prefrontal 
pr#ject~o~ 

The relationship between striosomes, islands and 
the prefrontal projection was examined in the same 
16 triplets and one pair of Nissl-stained/auto- 
ra~o~aphy sections from these same three cases. An 
additional nine pairs of N&l-stained sections and 
autoradio~ams from two other cases in which AChE 
staining was not available provided supplemental 
information about the correspondence between the 
prefrontal projection and cell islands. 

Since the prefrontal projection is located centrally 
within the caudate nucleus,s6 analysis of the pro- 
portion of islands and striosomes falling within this 
target zone illustrate the relative to~graphy of these 
compartmental markers. The majority of islands 
(87%; 116/134) were located within the boundaries of 
the prefrontal projection. In contrast, only 64% 
(117/18Zf of the striosomes identified in the present 
study were located within the dorsolateral prefrontal 
projection zone. 

There was a nearly perfect correspondence between 
ceil islands and unlabeled territories in the prefrontal 
projection. When only those islands falling within the 

p~frontai projection field were considered, 81% 
(94/l 16) were aligned with terminal-free territories in 
adjacent autoradio~ms (Fig. 2), while 14% (16/l 16) 
fell within areas of sparse terminal labeling and 5% 
(6/116) corresponded to dense areas of prefrontal 
terminal labeling (Table 3), Thus, 95% of cell-dense 
islands received little or no prefrontal cortical inner- 
vation. Moreover, the corridors of contiguous cell 
islands matched tinger-like, terminal-free territories 
in adjacent autorad~ograms. 

The alignment of striosomes with terminal-free 
“holes” in the prefrontal projection was also quite 
good. Of the 117 striosomes falling within the pre- 
frontal terminal zone, 78% (9lit 17) corr~ponded to 
terminal-free areas (Fig. 2), 14% (M/117) corre- 
sponded to sparse terminal labeling and 8.5% 
(1OU 17) matched te~inal-dense zones in adjacent 
autoradiograms (Table 4). Note that within the pre- 
frontal domain, more striosomes were aligned with 
holes in the cortical projection (91/l 17) than were 
matched with islands (40/l 17). These relative pro- 
portions indicate that some striosomes which lack 
prefrontal cortical innervation do not have cell-dense 
islands associated with them. 

DlSCUSSION 

Neostriatal compnrtmentaiization : is a unified corzcept 
s&d? 

Ever since the initial descriptions of compartmen- 
talization in the late 7Os, it has often been assumed 
that striosomes and islands are simply different 

Table 4. Percentage of striosomes corresponding to fenestrations in the prefrontostriatal 
projection 

strios. w/i PSP- PSP PSPf 
Case PS proj. 

% PSP- striosj 
strios. strios. srrios. strios. w/i PS proj. 

013086 40 27 6 I 73 
011786 45 

: 
0 84 

043086 32 3 81 
Total 117 91 I6 10 78 

Strios. w/i PS proj., striosomes within the ~efrontost~atal projection; PSP- strios., 
striosomes corresponding to areas devoid of prefrontostriatal terminal iaheling; PSP 
strios., striosomes corresponding to light prefrontostriatal labeling; PSP+ strios., 
strinsnmes corresponding to dense prefrontostriatal labeling. 
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terms for the same compartment, although this 
assumption has not been directly examined. More- 
over, with the apparent similarity in the compartmen- 
tal patterning of numerous neurotransmitters and 
peptides, there has been a tendency to discount 
mismatches as technical error in the face of the 
positive finding of a correlation.‘,r 12.‘* The quantitat- 
ive strategy that we adopted in the present study 
allowed us to form an objective assessment of the 
correlation between islands and striosomes. Our re- 
sults revealed that islands and striosomes are not 
entirely equivalent (Fig. 3). 

The present results have shown a high digree of 
correspondence between identified islands and strio- 
somes in adjacent sections. Quantitative analysis of 
the correlation between islands and striosomes has 
shown that islands that are in association with strio- 
somes are nearly three times as prevalent as islands 
that do not have a striosomal counterpart. Consider- 
ing that some mismatches must be expected when 
comparing patterning in adjacent sections, these 
results strongly support the conclusion that cell 
islands may be further characterized as AChE-poor 
zones. Importantly, however, the inverse is not true: 
the majority of striosomes are not associated with a 
cell-dense island due to the fact that striosomes 
outnumber islands and their distribution is more 
widespread. 

A certain amount of subjectivity is inherent in 
identifying both islands and striosomes. Obviously, 
islands represent subtle elevations in cell packing 
density; otherwise they would have been described 
long before 1982. None the less, islands are visible 
when Nissl-stained sections are carefully examined. 
While one cannot rule out the possibility that 
extremely subtle variations in cell packing density are 
found in regions of the neostriatum where cell islands 

Fig. 3. Schematic summary of the partial correspondence 
between islands and striosomes and their relationship to the 
prefrontostriatal terminal field. Virtually all cell-dense 
islands (clustered stippling) are aligned with AChE-poor 
striosomes (outlined shapes), whereas less than a third of all 
striosomes have matching islands. Islands, which are located 
predominantly within the prefrontostriatal terminal field 
domain (cross-hatching), fit precisely into the fenestrations 
of the prefrontostriatal projection. Striosomes are more 
widely distributed and more numerous within the prefrontal 
terminal domain. Thus, nearly half the striosomes that fall 
within terminal-free areas do not have an island associated 

with them. 

do not appear, these “invisible islands” must differ in 
some manner, perhaps in their afferent connectivity, 
to make them indiscernible relative to the islands we 
observed. Likewise, the location of striosomes within 
the pattern of variegated AChE staining is not always 
clear-cut; the observer must judge whether there is 
sufficient variation from background to score the 
presence of a striosome. Despite the intrinsic 
difficulty in distinguishing compartmental markers, 
our protocol allowed us to identify nearly all islands 
and striosomes and therefore provided a means to 
determine their numbers and distributions. 

A prior study examined the relationship between 
striosomes and islands indirectly. Having shown that 
prenatal intra-uterine injection of tritiated thymidine 
labeled striosomes,24 Graybiel” compared the result- 
ing thymidine patches to cell-dense islands in adjacent 
Nissl-stained sections. Both matches and mismatches 
between the two compartments were found, and it 
was suggested that two populations of cell clusters 
may exist: one population of encapsulated clusters 
which are located dorsally and show at least a partial 
correspondence to striosomes and a second group of 
unencapsulated, darkly stained clusters situated more 
ventrally which did not match the thymidine-labeled 
striosomes. Although unencapsulated cell islands 
have recently been described in the monkey,” we 
did not encounter this morphological type in our 
material. In the present study, all islands examined at 
high power appeared to be encapsulated. It is inter- 
esting that some of the dorsally located encapsulated 
clusters in the cat are in register with striosomes,22 a 
finding which is in accordance with our results in the 
monkey. 

In the present study, stacks of cell islands and 
corresponding tubular AChE-poor zones were ob- 
served radiating outward from the internal capsule. 
Similar finger-like patterning has been described for 
enkephalin immunoreactivity in the cat and benzo- 
diazepine receptor binding in human striatum.9.2*.30 
Moreover, reconstruction of serial sections has 
revealed that AChE-poor striosomes and enkephalin- 
rich patches visible in individual coronal sections are 
often contiguous with striosomes and enkephalin-rich 

clusters in adjacent sections, such that the three- 
dimensional pattern is that of a labyrinth of channels 
and intersecting crossbars!,25,28,3a Whether the seem- 
ingly isolated islands that appear in coronal sections 
form a similar three-dimensional labyrinth has not 
been determined; however, it is noteworthy in this 
regard that corridors of dark-staining consisted of 
multiple islands, each with its own cell-sparse capsule. 

Islands, striosomes and the prefrontal cortical 

projection 

In the rhesus monkey, the projection from the 
principal sulcul cortex (Walker’s area 46) has been 
shown to avoid both islands*’ and striosomes.5’ 
Results of the present quantitative study confirm the 
match between islands and fenestrations in the pre- 
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frontal terminal field, and the present data also 
support the correlation between striosomes and holes 
in the prefrontal projection. It is interesting in this 
regard that a recent study of the relationship of 
cortical afferents to striosomal compartments in the 
cat has shown that many cortical inputs innervate 
striosomes dorsally and avoid striosomes ventrally 
within their terminal domain.s3 The present results 
suggest that the relationship of the primate prefrontal 
cortical projection to striosomes does not show this 
complex fill-and-avoid patterning; rather the prefron- 
tal terminal field is restricted to the extrastriosomal 
matrix compartment. While there are some mis- 
matches, i.e. instances in which striosomes fall within 
areas of prefrontal terminal labeling, some discor- 
dance must be expected when comparing labeling in 
adjacent sections. Moreover, we did not observe a 
specific topographic distribution of these mismatches 
like that described in the cat. Recently, projections 
from the frontal eye fields, supplementary motor 
area, and primary motor and sensorimotor cortices 
have been shown to terminate predominantly in the 
extrastriosomal compartment of the primate.“x4* Like 
the projection from the dorsolateral prefrontal cor- 
tex, these projections do not show the fill-and-avoid 
pattern described in the cat, although some mis- 
matches were observed. 

The compartmentalization of neostriaial neuropil 

A possible explanation for the formation of cell- 
dense islands is that the relative absence of both 
cholinergic neuropil and cortical input allows for 
tighter cell packing. While the presence of some 
striosomes which are in registration with terminal- 
free areas in the prefrontal projection and yet do not 
have islands associated with them seems to contradict 
this hypothesis, it may bc that other cortical afferents 
innervate this population of striosomes and thereby 
prevent island formation. The more limited distri- 
bution of islands relative to stnosomes might then be. 
explained if most striosomes in the dorsolateral and 
ventromedial sectors of the neostriatum were corti- 
cally innervated, whereas a large proportion of those 
located centrally did not receive terminal investment. 
The hypothesis that absence of cholinergic and corti- 
cal neuropi] accounts for the greater cell density 
found in islands implies a homogeneous distribution 
of other sources of neuropil, as will be discussed 
below. 

By far the most massive input to the neostriatum 
arises from the cerebral cortex. The compartmental 
distribution of cortical inputs other than the dorso- 
lateral prefrontal cortex with respect to islands has 
not been studied in the primate neostriatum; how- 
ever, all corticostriatal afferents that have been exam- 
ined in relationship to striosomes have been shown to 
avoid them.“x4 As we now know that all islands are 
also striosomes, we can deduce that these cortical 
inputs also avoid islands. In the cat, the patterning of 
cortical inputs relative to striosomes is complex: 

certain cortical inputs to the neostriatum (i.e. those 
arising from primary sensory cortex and posterior 
parieta] cortex) terminate within the extrastriosomal 
matrix, other cortical projections (i.e. from the 
motor, premotor, ventrolateral prefrontal and insular 
cortices) fill striosomes dorsally and avoid them 
ventrally, and yet another class of cortical afferents 
(i.e. from the rostra1 temporal lobe) preferentially 
innervate striosomes in the ventral neostriatum.43*5’~s3 
At present, it is difficult to assess whether a popu- 
lation of striosomes lacking cortical innervation is 
present in the cat neostriatum. A series of cases using 
multiple anterograde labeling techniques to examine 
two or more cortical inputs in the same cat is needed 
to determine whether the striosomes that are avoided 
by one cortical projection are filled by another. 

Other major sources of neuropil include the sub- 
cortical afferents and intrinsic neostriatal dendritic 
processes. While the relationship of subcortical inputs 
to cell-dense islands has not been studied, available 
information about the striosomal targets of afferents 
arising from the midbrain, thalamus and amygdala 
indicates that in general both striosomal and matrix 
compartments are innervated.3s*‘2,” Thus, subcortical 
sources of input do not seem to influence cell packing. 
The major intrinsic source of neuropil, aside from 
the cholinergic neuropil, consists of the dendritic 
arborization and local axonal plexus of medium spiny 
neurons.5.38 There is at present no evidence to suggest 
that differences in distribution or morphology of 
medium spiny cells accounts for the tighter cell 
packing observed within islands. 

Relationship of the striosomal and island compart - 
ments to cholinergic neurons in the neostriatum 

Lesion studies have shown that the dense plexus of 
AChE fibers present in the neostriatum does not 
originate from any of the major striatal afferent 
systems, 3.32.45 indicating that the striosomal patterning 
of AChE arises from a neostriatal population of 
intemeurons. Most likely cholinergic intemeurons 
account for the AChE reactivity. Although it is 
possible that non-cholinergic target neurons contain 
AChE, the finding that choline acetyltransferase 
(ChAT)-reactive fibers are co-localized with AChE- 
positive neuropil in the extrastriosomal compart- 
ment29 lends further support to the notion that these 
fibers are processes of the large, local cholinergic 
neurons as opposed to nigral afferents containing 
dopamine or processes of neostriata] neurons con- 
taining some other transmitter. Moreover, ChAT- 
positive fibers are more densely distributed in the 
extrastriosoma] compartment, much like their AChE- 
positive counterparts.29 

Paradoxically, the distribution of cholinergic neur- 
ons in the primate neostriatum does not exhibit the 
distinct compartmental patterning that is character- 
istic of the choline@ neuropil,6J” and similarly in 
the cat, cholinergic neurons have been located in both 
striosomal and matrix compartments.z9 How, then, 
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does this apparently homogeneous population of cell 
bodies give rise to such a heterogeneous distribution 
of neuropil? One possibility is that cholinergic neur- 
ons situated within striosomes differ morphologically 
from those in the extrastriosomal matrix. In order to 
account for the relatively poor AChE content of 
the striosomal compartment, a cholinergic neuron 
located inside an AChE-poor striosome, in contrast to 
its matrix counterpart, might have fewer dendrites and 
axons or these processes might extend further from the 
cell soma before ramifying. An alternative explanation 
is that more subtle quantitative differences in density 
of cholinergic neurons are present and. in fact, some 
indistinct clustering of cholinergic soma has been 
described in the primate neostriatum.4b~SU Perhaps more 
densely packed aggregates of cholinergic soma are 

present in the extrastriosomal matrix. 
ChAT immunocytochemical staining of cell soma 

has not been directly compared to the distribution of 
cell-dense islands in Nissl-stained sectlons. Moreover, 
only the most proximal portions of dendrites are 
visible in Nissl-stained sections, and therefore it is not 
possible to distinguish the smooth dendritic profiles 
that characterize the aspiny neuronal type (Aspiny 
Type II of DiFiglia et al.,’ which has been shown to 
be ChAT-positive.40 However, giant cells (30-50 pm). 
which can clearly be identified as aspiny neurons 
because of their large size, have been found pre- 
dominantly in the cell-sparse capsule surrounding the 
islands.2’ Based on this observation, it may be that the 

large cholinergic neurons of the neostriatum are more 
numerous outside of the cell-dense islands. Such a 
finding would fit with the present results. which indi- 
cate that islands are AChE-poor. Note, however, that 
very large cells have been observed within islands 
(Goldman-Rakic, unpublished observations), such 
that the absence of cholinergic neurons from islands is 
relative rather than absolute and that quantitative data 

on the distribution of cholinergic neurons with respect 
to islands are not yet available. 

Compartmentalization : more than one scheme 

Superimposition of the island/matrix and strio- 
some/extrastriosome compartments has exposed a pre- 
viously unsuspected disparity between islands and 
striosomes. In light of the non-equivalence of the two 
compartmental schemes, caution should be exercised 
in relating the patterning of other neurotransmitters 
and receptors to either compartmental scheme. It 
appears that the neostriatum cannot be divided simply 
into two partitions into which all other afferents. 
efferents, transmitters, enzymes and receptors fit 
neatly. Heterogeneity in the striatum is more complex; 
while topographic differences in the compartmental 
alignment of neuropeptides and neuropil have been 
known for some time.28,s’ the present results suggest 
that even within a small topographic zone, there is not 
completely congruity. Any given sector of the neostri- 
atum may be partitioned according to at least two 
compartmental schemes (island/matrix or strio- 
somc/extrastriosome) such that the patterning of other 
neural elements, e.g. prefrontal cortical terminals and 
cholinergic neuropil, respectively, will match better 
with one scheme dr the other. Moreover, it is entirely 
possible that other patterned distributions within the 
neostriatum (e.g. opiate receptor patches, enkephalin 
or substance P-stained neuropil, dopaminergic recep- 
tors) also distinguish compartments that are not en- 
tirely equivalent to either islands or striosomes. More 
detailed and quantitative studies of the relationship of 
one marker to another are needed to fully unravel the 
intricacy of the neostriatum. 
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