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penetration enhancement techniques (freeze-thawing or 
detergent treatment) . 

Light and electron microscopy 

After curing the resin for 48 h at 60°C all sections were 
examined in the light microscope. The immunostaining and 
Golgi-impregnation were assessed and neurons that were 
both Golgi-impregnated and immunostained were identi
fied. Selected neurons in the cat material were drawn with 
the aid of a microscope drawing tube (Leitz) and measure
ments of the size of perikarya and dendrites were made from 
these drawings using a Bioquant image analysis system. No 
account was taken for shrinkage of the tissue. 

To confirm the presence of immunoreactivity in the 
perikarya of Golgi-impregnated neurons, some neurons 
were re-embedded in blocks of resin suitable for re
sectioning. From these, I pm sections for light microscopy 
and ultrathin (silver/grey) sections for electron microscopy 
were cut. The latter sections were collected on Formvar
coated single-slot grids counterstained with lead citrate and 
examined in a Philips EM201 electron microscope. To 
improve contrast for electron microscopy, the tissue was 
stained en bloc with 1% uranyl acetate (in 70% ethanol) 
during dehydration . 

RESULTS 

The degree and quality of Golgi-impregnation was 
similar to that seen with conventional Golgi tech
niques. The impregnated neurons appeared some
times in groups but were often isolated (Figs 1 B, and 
3A). Perikarya, dendrites, dendritic spines and axons 
were all impregnated (Figs 1 and 3). The types of 
neurons that were impregnated were similar to those 
described on previous occasions in rat, cat and 
monkey (see Refs 3, 10, 28, 40 and 52). Although the 
majority of impregnated neurons were the medium
size densely spiny type (see Figs I and 3), other types 
including large neurons and medium-size aspiny neur
ons were also observed. No obvious differences were 
seen between the caudate nucleus and putamen, or 
between the cat and ferret. 

Immunostaining 

Substance P. At the light microscopic level sub
stance P-immunoreactivity in the neostriatum was 
remarkably uneven. In the caudate and particularly 
in its rostral part, high concentrations of immuno
reaction product were present in patches of irregular 
shape (see Fig. 1 B). These regions represent the 
striosomal compartments of the caudate nucleus and 
correspond to AChE-poor regionsY Detail of the 
structure of substance P-positive/AChE-poor patches 
and their relationship to Golgi-impregnated neurons 
will be the subject of a separate communication. 

Most of the immunoreaction product was associ
ated with neuronal perikarya and sometimes prox
imal dendrites (Fig. I B) . The immunoreactive neur
ons were of medium-size and the majority were 
similar to the type I substance P-positive neuron 
described in the rat. 5 The neuronal staining occurred 
predominantly in the striosomes (as defined by the 
dense neuropil staining; see Fig 1 B), but there were 
also many immunoreactive perikarya with no appar-

ent association with the striosomes. Immunoreactive 
axon or fibre-like structures were also present; these 
were predominantly in the superficial layers of the 
tissue and appeared evenly distributed throughout 
the sections. 

Immunoreactive neurons, in which indentations of 
the nucleus were visible in the light microscope, were 
rarely seen. These neurons probably correspond to 
the type 2 substance P-immunoreactive neurons ob
served in the rat. 5 The apparent rarity of these cells 
probably reflects their low density in the striatum and 
the difficulty in identifying indented nuclei in the light 
microscope. 

Methionine enkephalin. [Met]enkephalin immuno
reaction product was present within medium-size 
perikarya, their proximal dendrites and many appar
ently isolated dendrites (Fig. 3A, B). In addition, in 
some areas terminal staining occurred in the most 
superficial layers of the sections. Perikaryal staining 
was most prominent in the colchicine-treated cat. The 
distribution of the immunoreactive neurons was 
different for colchicine and non-colchicine animals as 
has been reported previously;27 in the latter animals 
the immunoreactive-neurons tended to avoid the 
striosomes (i.e. AChE-poor zones) while in the 
colchicine-treated cat they were distributed more 
evenly throughout the caudate nucleus and putamen. 

Specificity and controls. The specificity of the anti
bodies used in the present experiments has been 
characterized previously'4.37 (see also Refs 5, 27 and 
47). In sections that were incubated by the immuno
cytochemical procedure but with omission of the 
primary antibodies, no specific immunostaining 
occurred. In addition, some sections from each ani
mal were incubated with other antisera raised in 
rabbits (directed against glutamate decarboxylase, 
tyrosine hydroxylase, somatostatin) and monoc1onal 
antibodies (directed against choline acetyltrans
ferase). The patterns of staining obtained with these 
antibodies were markedly different from those ob
tained with the anti-substance P or anti-enkephalin 
antibodies. The pattern of staining described above is 
therefore specific to the substance P and [Met]en
kephalin antibodies we used and not a result of other 
steps in the procedure. 

Golgi-impregnation combined with immunostaining 

A total of 33 Golgi-impregnated neurons that were 
also immunoreactive for substance P were identified 
(25 in cat, 8 in ferret). In the [Met]enkephalin
immunoreacted material 55 Golgi-impregnated im
munoreactive neurons were identified (41 in cat and 
14 in ferret). The immunoreaction end product 
appeared as a brown homogenous staining of the 
perikarya and was easily distinguishable from the 
grey/black secondary Golgi deposit. Immunoreaction 
product was identified in Golgi-impregnated neurons 
at the light microscopic level when (I) the gold-toning 
of the perikarya was pale (Fig. I B), (2) Golgi
impregnated dendrites arose from non-impregnated 



Fig. I . (A) Drawing of a Golgi-impregnated, gold-toned neuron that is also immunoreactive for sub
stance P. Micrographs of this neuron are shown in subsequent figures. The unshaded dendrite on the left 
was not Golgi-impregnated but expressed immunoreactivity; see the dendrite labelled d in (B) and (C). 
This neuron was found within a substance P-immunoreactive "patch", the boundaries of which are shown 
by the solid black lines above and below the neuron. The dendritic spines were drawn free-hand and are 
therefore an approximation of the true density. The neuron shows the characteristics of medium-size 
densely spiny neurons, i.e. medium-size perikaryon, secondary and higher order dendrites densely laden 
with spines. (B) Partial light microscopic photomontage of the same neuron (N) as in (A) . Note the high 
density of spines on the second and higher order dendrites and the non-impregnated but immunoreactive 
dendrite (d) emerging from the left of the perikaryon. Note the darker appearance of the neuropil below 
and lower right of the perikaryon; this is due to the high density of substance P-immunoreactive structures 
forming the "patch". Three immunoreactive perikarya are indicated by stars. A non-impregnated, 
non-immunoreactive neuron (n) and a capillary (c) are labelled for correlation with electron micrograph 
(C) . (C) Low power electron micrograph of the perikaryon of the Golgi-impregnated, immunostained 

neuron (N) and its immunostained proximal dendrite (d). Bars: (A) 50/Lm; (B) 25/Lm; (C), 10/Lm. 

Fig. 2. (A) Medium power electron micrograph of the same neuron (N) shown in Fig. I. Note the round 
nucleus with smooth unindented nuclear envelope and the relatively small area of cytoplasm, features that 
are typical of medium-size densely spiny neurons. The cytoplasm is darker than the surrounding neuropil 
because of the Golgi-deposit and the immunoreaction product. The proximal dendrite (d) is only 
immunostained. The boxed areas and (B) and (C) are shown at higher power. (B and C) Higher power 
electron micrographs of the regions shown by boxes in (A). In both micrographs the electron dense 
granules of the secondary Golgi-deposit are indicated by arrowheads. The immunoreaction product 
(arrows) appears as an amorphous electron dense material, often associated with organelle membranes 
and often in clumps. An immunoreactive profile in the neuropil is also shown in (B). Bars: (A) 2/Lm; 

(B and C) 0.5 /Lm. 

Fig. 3. (A) Low power light micrograph of a section through the caudate nucleus of the cat, processed 
to demonstrate [Met]enkephalin-immunoreactivity and then Golgi-impregnated. The field contains many 
immunoreactive perikarya, some of which are indicated by open arrows, and several unstained neurons 
indicated by stars. The neurons labelled NI and N2 are both immunoreactive and Golgi-impregnated. The 
perikaryon of NI was only partially impregnated by the Golgi deposit (small arrow in (B» which enabled 
easy identification of the immunoreaction product. Two of the dendrites (arrowheads) of this neuron are 
in the plane of the micrograph and are densely laden with spines . The perikaryon of neuron N2 was not 
impregnated but one of its dendrites is impregnated (small arrows) and is densely laden with spines. 
(B) High power light micrograph of Golgi-impregnated, [Met]enkephalin-immunoreactive neuron NI in 
(A). The arrowheads indicate part of the perikaryon that is partially impregnated. [Met]enkephalin
immunoreactive neurons are indicated by open arrows and non-immunoreactive neurons by stars. 
(C) Drawings of the two neurons in (A) and (B) . The unshaded parts of the cells are those regions that 
were not Golgi-impregnated but displayed [MetJenkephalin-immunoreactivity. The dendrites indicated by 
arrows or arrow heads are the same as those that appear in light micrograph (A). Bars (A) 25 /Lm; (B) 

12.5/L m; (C) 50/Lm. 
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