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Abstract-Tissue fractionation was used as an analytrcal tool to study in various rat brain regions 
the subcellular distribution of the neuroleptic receptor and labeled neuroleptics previously injected 
into the animals. In order to assess the cornpositron of the different subcellular fractions. the distribution 
pattern of various marker enzymes was also determined. 

After differential ~ntrifugation of rat striatum homogenate, [‘H]spiperone binding receptors together 
with 5’ nucleotidase were found to be mainly enriched in the microsomal fraction. Similarly. after 
injection of [3H]spiperone or [3H]pimozide into rats, the radioactivity was specifically recovered in 
the microsomal fraction in the striatum, the olfactory tubercle and nucleus accumbens and the frontal 
cortex but not in the cerebellum. 

After equilibration through a sucrose density gradient, the distribution pattern of [3H]spiperone 
revealed a main peak in a gradient region of low density very close to that of 5’ nucleotidase. The 
present results indicate that the receptor sites of neuroleptic drugs in the brain dopaminergic areas 
IS associated with membrane-like structures hut not with mitochondria or nerve terminals containing 
dopamine. 

Besides kinetic analysis and the regional distribution 

studies, brain fractionation using differential and den- 
sity gradient centrifugation can provide another way 
of revealing at the subcelluiar level the occurrence 
of specific neuroleptic binding sites in the brain. 

There are two possible ways to go about this, 
depending on whether tissue fractionation is used 
as a preparative tool or an analytical one [l]. For 
the latter, numerous criteria which are mainly bio- 
chemical must be applied to assess the composition 
of the different subcellular fractions. 

In this regard, attempts were undertaken in our 
laboratory to make brain fractionation more analyti- 
cal and sufficiently refined as to allow the study of 
more complex subcellular localizations such as those 
of receptors, particle-bound enzymes or drugs [2-51. 

We will report in this part of the work the data 
concerning the subcellular distribution in the rat 
striatum of neuroleptic receptors when using C3H]spi- 
perone under in citro conditions and the subcellular 
distribution in various brain areas of two neuroleptic 
drugs, spiperone and pimozide, which were injected 
into rats. 

MATERIALS AND METHODS 

Male Wistar rats (250g) were used and brain areas 
were dissected as described in the previous paper. 

For in oiuo experiments, rats were injected intra- 
venously with [‘Hlspiperone (0.005 mg kg- 1 ; sp. act. 
9 Ci/m-mole and f3H]pimozide (0.02 mg kg- * ; sp. 
act. 13 Ci/m-mole for 2 hr. 

Tissue fractionation. Brain samples were homogen- 
ized in 10 vol. of 0.25 M sucrose with a Dual hom- 
ogenizer. The total homogenate was centrifuged at 

low speed (600 g x 10min) in a Sorvall centrifuge. 
The pellet so obtained was again homogenized in 
5 vol. of 0.25 M succrose and then recentrifuged. Both 
pooled supernatants corresponding to the cytoplas- 
mic extract (CY) were further fractionated according 
to the five-fraction scheme already described [I&l]. 
An ahquot of the fraction CY was kept to determine 
the recovery. The heavy and light (M and L) mito- 
chondrial fractions were washed once by suspending 
the sediment in 5 vol. of 0.25 M sucrose. The washing 
solutions were never discarded but pooled with the 
obtained supernatant, and were thus incorporated 
into the following fractions. 

Density gr~jenf centr~ugatju~~. An aliquot of the 
cytoplasmic extract was layered on a continuous 
sucrose gradient which was prepared using a very 
simple device consisting of two syringes connected to 

‘each other and filled with two different sucrose con- 
centrations (0.6 M and 1.6 M). Tubes were centrifuged 
in a Swinging bucket (SW 40-Rotor) for 2 hr at 30,000 
rev/min. Then 16 fractions were collected by means 
of an automatic device whereby the liquid column 
was ejected through a piston hermetically sealed to 
the top of the gradient tube. 

Enzyme assays. 5’ nucleotidase activity was esti- 
mated in an incubation medium containing 
1.5 pmoles adenosine S-phosphate, 25 pmoles 
Tris-HCI buffer pH 7.7, 1 pmole MgClz and Triton 
X-100 (final concentration 0.1%) in a total vol. of 
0.5 ml. After incubation at 37” for 20 min, the phos- 
phate was determined by the automatic method of 
Van Belle [6]. 

Cytochrome oxidase was assayed according to 
Cooperstein and Lazarow [7] and N-acetyl-B-D-Glu- 
cosaminidase according to Selhnger and Hiatt [8]. 
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Lactate dehydrogenase was determined following the 
automatic fluorimetric method of Brooks and 
Ollen [9]. 

Annlyrical methods. Dopamine was estimated by the 
COMT method of Coyle and Henry [lo]. Proteins 
were estimated by Lowry’s method. Quantitative esti- 
mation of unchanged pimozide and its metabolites 
was carried out by applying the inverse isotope dilu- 
tion method [ll]. 

Presentation of results. The enzyme activities except 
for cytochrome oxidase are expressed in umtsjg of 
original tissue. One unit of enzymic activity represents 
the decomposition of 1 pmole of substrate per min 
under the conditions of the assay. One unit of cyto- 
chrome oxidase is defined as the amount of enzyme 
causing the decadic logarithm of the concentration 
of reduced cytochrome c to decrease by one unit, 
min/lOO ml of incubation mixture [7]. 

The distribution pattern after differential centrifu- 
gation is expressed in relative specific activity. i.e. the 
percentage of the total activity against the percentage 
of total proteins recovered 1121. 

The recovery expressed in per cent is equal to the 
sum of the activities found in all the fractions divjided 
by the activity in the starting material: 

(N + M + L + P + S)/(N + CY) x 100 

The results of density gradient centrifugation are 
expressed in terms of relative concentration or ac- 
tivity C/C,; C is the activity In a grven fraction of 
the gradient after equilibration. whereas C, is the 
initial concentration or the concentration in a fraction 
if the material was homogeneously distributed 
through the gradient. For this purpose. the same 
amount of material that was layered on the gradient 
was mixed with a volume of sucrose (equal volume 
of 0.6 M and of 1.6 M) corresponding to the total 
volume of the gradient. 

Materials. Cytochrome c from horse heart type 111 
was purchased from Sigma Chemical Co. [3H]S- 

li CYTOCHROME OXIDASE 

z 
:3 i LACTATE DEHYDROGENASE 

adenosyl+methionine (sp. act. 8.82 Ci/m-mole) was 
obtained from New England Nuclear. Boston, MA. 

RESLl LTS 

Fracriona~ion hi, difiventul centr+gation. In cirro 

spiperone binding (cfr. standard assay in methods of 
the first paper) was determined in various subcellular 
fractions obtained by differential centrifugation from 
rat brain striata. Figure I shows that the receptor 
binding was found to be mainly enriched in the P 
fraction (microsomal) which is known to contain 
various membrane-like structures as revealed by the 
high content in 5’ nucleotidase. inosine diphosphatase 
and ATPase [cf. also ref. 31. This distribution pattern 
markedly differed from that of cytochrome oxidase 
(mitochondrial) and of the particulate-bound lactate 
dehydrogenase (synaptosomal). 

In Table I are listed the means of several fraction- 
ation experiments carried out from rat brain striatum: 
65 per cent of specific spiperone binding was re- 
covered in the P fraction. In most cases the recoveries 
ranged between 80 and 100 per cent, except for the 
cytochrome oxidase and spiperone binding assay. 
For the latter. the addition of supernatant to each 
particulate fraction for measuring the spiperone 
receptor binding allowed to obtain a better recovery 
(110 per cent). It may therefore, be assumed that an 
inhibitory process took place with the cytoplasmic 
extract presumably owing to the presence of a high 
amount of dopamine present in the supernatant [3] 
or perhaps of other endogenous ligands, able to inter- 
fere at the level of neuroleptic receptor. The subcellu- 
lar localization of neuroleptic drugs was also studied 
in cir;o in various rat brain regions. Figures 2 and 
3 show the distribution pattern of radioactivity in dif- 
ferent subcellular fractions obtained from rats injected 
with [3H]]spiperone and [3H]pimozide. The radioac- 
tivity, at least 90 per cent of which was unchanged 
drug, was found to be mainly enriched in the P frac- 
tion in the striatum and the limbic system and to 
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Fig. I. Distribution pattern of in cltro spiperone binding and marker enzymes in subcellular fractions 
of rat striatum obtained by differential centrifugation (cf. Methods and Table 1). 
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Table 1. Intracellular distribution of protein. marker enzymes and in ah-o spiperone binding in rat brain striatum 

Absolute 
No of values Percentage values Recovery 
exptr N + CY N M L P s O” 

Rote,” 
Cytochrome oxrdase 
Lactate dehydrogenase 
N Aceryl-B-o- 

glucosammldase 
5’ Nucleotldase 
Sp~perone bmdmg 

9 958+46 12.6 i 0.9 317* IO 92 +06 155 f09 31O~OX 914+19 
9 477+46 12.9 k I9 842f 19 26 202 03*01 0 64.9 + 3 I 
9 977*33 62 kO7 261 f I2 93 +05 116?05 46x*17 79t+33 
9 07’_fOI 172+05 3x0 * IO 149 + Oh 1X6*12 113kOh 911+19 

9 24 f 01 II0 f I.2 33 2 i 2.6 106 f 09 3XOil6 72+12 900*40 
6 259*04 37*03 202 ?_ 07 104*07 657+10 0 I568 f 34 

Absolute values are in mg gg ’ for proteins, in units g-’ for enzymes and in pmoles gg ’ for spiperone binding 
(+S.E.M.); N, nuclear fraction; CY, cytoplasmic extract; M, heavy mitochondrial fraction: L. light mitochondrial frac- 
tion; P, microsomal fraction; S, final supernatant. 

a lesser extent in the frontal cortex especrally when 
using C3H]pimozide. In contrast, the cerebellum did 
not reveal such an enrichment in the P fraction, but 
did so in the S fraction at least when C3H]spiperone 
was concerned. Here again the distribution of the 
labeled drug in the dopaminergic areas markedly dif- 
fered from that of the marker enzymes, except for 
5’ nucleotidase, which is known to be a typical micro- 
somal enzyme. 

Control experiments were performed in order to 
eliminate possible redistribution artefacts throughout 
the whole fractionation procedure. An amount of 
[3H]spiperone, equal to that found in the brain of 
injected animals was added to the brain tissue just 
before homogenization. Table 2 clearly shows that 
when using rat striatum, the radioactivity was mainly 
recovered in the S fraction but not in the P fraction 
as when labelled spiperone was injected into the ani- 
mals. In contrast to this, there was practically no dif- 
ference between both experimental conditions in the 
cerebellum. It should be noted that [3H]pimozide 
was found to be much more associated with the par- 

STRIATUM LIMBIC 

ticulate fractions from the cerebellum than C3H]spi- 
perone. 

In order to characterize the nature of the in uiuo 

labeling, the unchanged pimozide and its metabolite 
were isolated in the different subcellular fractions of 
brain of rats injected with [3H]pimozide. Table 3 
shows that the total radioactivity recovered in the 
supernatant fraction increased in terms of time. On 
the contrary, the unchanged pimozide remained quite 
low in this fraction. Since most of the metabolites 
were found in the supernatant, the increase of the 
total radioactivity in this fraction was due to the 
metabolites. 

For spiperone, it has been shown by thin layer 
chromatography that 2 hr after intravenous injection 
of [3H]spiperone, more than 90 per cent of the radio- 
activity consisted of unchanged drug, thus confirming 
previous results obtained by an inverse dilution pro- 
cedure [ 131. 

LklSiCJJ gradient centrifugarion. Cytoplasmic 
extracts from brain areas of rats injected with 
[3H]spiperone were submitted to isopycnic equilib- 

FRONTAL CORTEX CEREBELLUM 

Fig. 2. Distribution pattern of radioactivity and marker enzymes in subcellular fractions of various ^ _.--_ 
brain areas 2 hr after intravenous uqection of L’HJspiperone (0.005 mg kg-‘). Limbic corresponds to 

the nucleus accumbens together with the olfactory tubercle (cf. Table I). 
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STRIATUM LIMBIC FRONTAL CORTEX CEREBELLUM 

CYTOCHROME OXIDASE 

Fig. 3. Distribution pattern of radioactivity and marker enzymes in subcellular fractions of various 
brain areas ? hr after intravenous injection of [‘Hlpimozide (0.02 mg kg- I). 

ration through sucrose gradients. In addition to the nounced more or less paralleled the peak of LDH 
radioactivity, several marker enzymes and dopamine but markedly differed from that of dopamine and of 
were determined in order to localize various subcellu- cytochrome oxidase. In the limbic system (olfactory 
lar structures. In the striatum, the main peak of radio- tubercle + nucleus accumbens), the distribution pat- 
activity was found in a zone corresponding to a low tern of the radioactivity was about the same as in 
density of sucrose (0.7 M) close to the peak of 5’ nuc- the striatum except that the second peak was less well 
leotidase. A second peak though much less pro- characterized and paralleled that of 5’ nucleotidase. 

Table 2. Subcellular distribution of labeling in striatum and cerebellum of rat brain after intravenous Injection of 
[3H]spiperone and [aH]pimozide or after directly adding them to the homogenate 

_. 

[‘H]Spiprrane mjeard 
OWSmgkg ‘IV 

Strlatum 
Cerebellum 

[‘H]Sptperonr added to 
homogenate 

Strmtum 
Cerebellum 

[3H]Pimozlde InJected 
0.02 mg kg- ’ i v 

SlrIalUm 
Cerebellum 

2 92 5s 2x.5 13.h 
04 17.5 92 60 

I lb -I4 249 7x 
I v4 IS8 72? 4 0 

6.2 IO 1 27.3 103 
2.1 229 21.6 h7 

Table 3. Distribution of labeled pimozide and its metabolites in the supernatant obtained by differential 
centtifugation of brain striata of rats injected with C3H]pimozide (0.31 mg kg- ’ SC.) 

1 179 
2 22 I 
4 I92 
x 33.0 

I6 429 
32 5x.x 

47 652 
52 h?? 
53 hX.4 
39 43 2 
39 49 1 
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Fig. 4. Subfractionation by isopycnic centrifugation of a 
cytoplasmic extract (1 ml dilution 1: 10) from various brain 
areas of rats injected with [3H]spiperone (0.005 mg kg- ’ 
iv. 2 hr). Graph shows density distributions of radioac- 
tivity (RA) M. cytochrome oxidase (CYTOX) 
A----A, lactate dehydrogenase (LDH) x--x, dopa- 
mine (DA) O----O, and 5’ nucleotidase (5’ NU) 

Finally, in the cerebellum the radioactivity dis- 
played a quite different profile in that the largest 
amount of the radioactivity appeared in the first tube- 
fraction at the top of the gradient. Moreover there 
was no typical peak just after that of 5’ nucleotidase 
although the latter has a distribution pattern compar- 
able to those of other brain areas. In the cerebellum, 
the profile of lactate dehydrogenase resembled some- 
what that of the radioactivity. 

DISCUSSION 

The present results have shown that the neuroleptic 
receptor is specifically associated with a membrane- 
like structure contained in the microsomal fraction, 
thus confirming our previous observations, when 
[3H]haloperidol was used as ligand in the binding 
assay. However, using [3H]spiperone, the enrichment 

in the P fraction was still more pronounced (65 per 
cent against 53 per cent with [3H]haloperidol) a fact 
which may be attributed to the higher affinity of spi- 
perone for specific binding and its lower affinity for 
the aspecific one. 

The main finding of this part of the work concerns 
the intracellular localization in the brain of neurolep- 
tic drugs injected into rats. Here again, only the brain 
dopaminergic regions were found to possess a reten- 
tion mechanism for specifically taking up neuroleptic 
drugs in the microsomal fraction, where the neurolep- 
tic receptors were found when measured in in Gtro 
conditions. This retention capacity evaluated by the 
level of drug enrichment in the P fraction appears 
to depend on the number of receptors (striatum > 
limbic > frontal cortex). It should be noted that the 
enrichment of [3H]pimozide in the frontal cortex was 
very modest presumably due to the relatively high 
affinity of this drug for aspecific binding (unpublished 
results). In contrast, there was a very large amount 
of [3H]spiperone in the microsomal fraction of the 
frontal cortex which further support our suggestion 
that the frontal cortex may be a major site for the 
antipsychotic activity of neuroleptic agents [14]. 

The lack of specific in oiuo binding of C3H]spiper- 
one in the microsomal fraction from cerebellum pro- 
vides more support to the conclusion that an enrich- 
ment of neuroleptic drugs in this subcellular fraction 
from dopaminergic areas represents a specific in viuo 
binding to receptor sites. Therefore we believe that 
all the subcellular distribution studies of drug should 
have to include a parallel study in a tissue or a region 
which does not contain specific receptors. This is of 
major importance especially in in vi00 experiments 
where the specific binding must be distinguished from 
the aspecific one. In our experiments, at the regional 
level as well as the subcellular one, the results 
obtained from the cerebellum represent such control 
or blank values. 

The foregoing results provide also a better under- 
standing of the precise intracellular localization of 
neuroleptic drugs in the brain. We could not confirm 
the previous finding that a significant shift appeared 
in the subcellular distribution of [3H]pimozide in the 
caudate nucleus from the mitochondrial fraction to 
the fraction consisting mainly of submicroscopic 
nerve endings [15]. Neither the fractionation by dif- 
ferential centrifugation nor that by density gradient 
could localize labeled neuroleptic drugs associated 
with mitochondria. In isopycnic centrifugation, the 
main peak of [3H]spiperone, was found to equilibrate 
in a gradient region of low density very close to where 
5’ nucleotidase was detected. This suggests that neur- 
oleptic receptors are associated with membrane-like 
structures, thus not with mitochondria and nerve end- 
ings. However, a second peak of radioactivity, though 
very small, was also detected in a zone where LDH 
was detected. This peak was quite distinct from that 
of dopamine, a fact which suggests that neuroleptic 
drugs are not associated with presynaptic receptors 
located on dopaminergic nerve terminals [ 161. In 
agreement with this view, is the fact that the second 
peak did not disappear in the striatum even after 
lesion on the nigrostriatal pathway (unpublished 
results). The physiological significance and the exact 
nature of this second peak are not yet known; this 
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still remains open for speculations (distribution arte- 
fact, aspecific binding or specific binding on nerve 
endings containing GABA, serotonin, acetylcholine or 
peptides. .). Further experimental results are needed 
to solve this problem. 
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