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Chlorpromazine adsorption to brain regions 

(Received 6 October 1970; accepted 9 November 1970) 

CHLORPROMAZINE (CPZ) is a potent local anesthetic’-3 and immediately suppresses the electrical 
activity of neurones when applied directly. 4-’ Since the drug nonselectively blocks neurones and 
stabilizes membranes in a nonspecific fashion identical to other local anesthetics,*,9 the hypothesis 
has developed that the apparent specificity of phenothiazines for antinausea and antipsychotic actions 
results from a particular drug distribution into various brain regions. ‘J’*” It is known that different 
regions of the brain take up different amounts of chlorpromazine and other phenothiazines after 
intravenous injection;11~12-14 f rontal cortex and white matter generally do not accumulate much 
phenothiazine, while thalamus and hippocampus consistently take up moderate to high amounts of 
the drug. Cassano et a1.l4 could not observe any relation between regional blood flow and chlorpro- 
mazine uptake into brain regions. 

It is not known, however, whether the higher uptake by thalamus and hippocampus results from an 
intrinsically higher affinity (or specific affinity) for chlorpromazine by nerve cells in these regions, or 
whether a different blood-brain barrier in these regions happens to allow easier transfer into the 
tissue. In the present study, it was investigated whether differences in tissue affinity for chlorpromazine 
could cause any of the observed distribution patterns for this drug. Four areas of the cat brain were 
dissected (frontal cortex, white matter, thalamus and hippocampus) and their affinity for 
chlorpromazine was determined. 

Cats were anesthetized with ether or chloralose and the brains removed. The selected areas were 
dissected and used immediately or frozen in liquid nitrogen for later use. For adsorption experiments, 
approximately 0.8 g tissue was homogenized in a Virtis homogenizer with 0.6 ml of a solution contain- 
ing 0.9% NaCl in 10 mM phosphate buffer. The dry weight of each homogenate was measured by 
drying at 90” to a minimum weight. The CPZ adsorption of the homogenates was determined by 
mixing in centrifuge tubes 0.2~ml aliquots of homogenate with 2 ml of a 0.9 % NaCl solution contain- 
ing 35 S-labeled chlorpromazine (Amersham, Great Britain). After a 30&n incubation, the tissue was 
spun down at 36,900 g for 20 min. The radioactivity in 0.2-ml samples of the supematant was deter- 
mined in a liquid scintillation counter with the liquid scintillator described by Bray.” The amount of 
drug bound per kilogram of dry weight was calculated as described previously.” Since previous 
workers’2,‘6 had shown that 75-98 per cent of chlorpromazine, which had been added to or incubated 
with brain tissue, could be recovered as chlorpromazine in short-term experiments, it was assumed 
in the present experiments that the amount of biotransformation of 35S-chlorpromazine could be 
neglected. 

The results, using five different cat brains, are summarized in Table 1. In the small C,,., range 
used in these experiments, the partition coefficients were constant. The free concentration range 
chosen is known to be associated with local anesthesia5 and stabilization of the red cell mem- 
brane.9*11~‘7*18 No significant differences could be detected when the CPZ adsorptions to frontal 
cortex, thalamus and white matter were compared. The hippocampus showed a small but significant 
(P 4 0.02) decrease in drug adsorption. 

As it was impossible to explain any of the reported patterns of chlorpromazine distribution by a 
selective affinity of certain areas, it was investigated whether a selective retention could be the basis 
for the distribution in viva. Chlorpromazine-?3 was adsorbed to tissue homogenates as described for 
the previous set of experiments and subsequently desorbed by four dilutions with 0.9 % NaCl solution. 
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TABLE 1. ADSORPTION OF CHLORPROMAZINE TO RRAIN REGIONS 

Brain region 
Range of free concn. Bound CPZ range Partition coefficient No. of 

of CPZ (mM) (m-moles/kg dry wt.) (mean :t SD.) dete~inations 

Frontal cortex 
Hippocampus 
Thalamus 
White matter 

0~016-0~028 16.7-25.9 916 & 98 9 
0~019-0~026 15.0-18.9 753 & 39 4 
0.0 13-0~024 13-7-24.1 935+ 141 6 
0~017-0~021 16~0-18~0 899 2 

- 

For the first dilution, 1 ml of the CPZ-homogenate mixture was added to 20 ml of 0.9 % NaCl. 
Further desorption was carried out in three steps at 30-min intervals by adding 3 ml of diluted drug- 
homogenate mixtures to 10 ml of 0.9 % NaCl. At each step, duplicate samples were taken, spun down 
and analyzed for radioactivity. In preliminary experiments, it was shown that the desorption of CPZ 
from brain homogenates occurs within 5 min and does not change during a 7-hr incubation. 

The results of the desorption experiments are presented in Table 2. It can be seen that cortex, 
thalamus and hippocampus do not differ significantly in respect to the release of CPZ bound to these 
areas. 

TABLE 2. DE~ORPTION OF CHLORPROMAZINE FROM BRAIN REGIONS 

CPZ remaining after one to four washes (%) 

Brain region I 2 3 4 

Frontal cortex 100 
100 
100 
100 

Hippocampus 

Thalamus 

Average 

100 
100 

IO0 
100 

100 

37 
36 
31 
38 

34 
39 

39 
46 

37.5 

15 

9” 
14 

10 
12 

11 
16 

12.0 

Finally, the importance of tissue integrity and cell organization was tested. Small pieces (approxi- 
mately 300 mg) of cortex, thalamus and hippocampus were incubated in 10 ml of a solution containing 
a5S-labeled chlorpromazine. The disappearance of CPZ from the supematant was measured as a 
function of time. Duplicate experiments showed that the drug was slowly adsorbed by all the tissues 
and that at 29 hr no equilibrium had been reached. The adsorption at that time amounted to only 
half the adsorption by homogenates under similar conditions. Again no differences could be detected 
between the rate of penetration into the three areas tested. 

In summary, these results show that chlorpromazine readily adsorbs or desorbs to homogenates 
and slices of four regions of the brain with equal affinity. These similarities i?z tlitro indicate that the 
observed differences in chlorpromazine uptake by different brain regions in viuo must result from 
different permeability properties of the blood-brain barrier to chlorpromazine. The present finding of 
nonspecific adsorption together with the fact that chlorpromazine is a nonspecific anesthetic in 
vitro’--” suggests the simple conclusion that chlorpromazine action may be directly related to the 
amount present in any one brain region. As explained previously,s such a view is compatible with the 
well established l%rding that chlorpromazine inhibits the uptake of noradrenaline into sympathetic 
nerve fibers.‘9 
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Relative r~i~ibution of [3~histamine and ~~4~]s~rmidine in homoge~t~ of dug 
brain*t 

(Received 5 June 1970; accepted 9 November 1970) 

MICHAEL~ON and Dowe’ employed n-butanol extraction of alkaiinized acid extracts of tissue for the 
o-phthaldialdehyde (OPT)’ fluorometric analysis of brain histamine. Their study suggested that 
histamine is associated with synaptosomes. Organic solvent extracts2 contain histamine as well as 
spermidine, which reacts with OPT to produce a fluorophore with spectral characteristics very nearly 
like those of histamine.3~4 A reinvestigation of our earliest findings’ and chromatographic separation 
of histamine from spermidine3*4 in the crude mitochondrial fraction demonstrated that 65 per cent of 
the recovered spermidine is associated with synaptosomes5 Other workers? have pointed out that the 
amount of polyamine found in subcellular fractions does not necessarily reflect the distribution within 
the intact cell because of the high affinity of these basic substances for cellular polyanions. Redistribu- 
tion of polyamines in a variety of animal tissues after homogenization has been reviewed by Tabor 
and Tabor.’ This communication examines the question of secondary redistribution of histamine and 
spermidine after mechanical disruption of dog hypothalamus tissue. We have tested this possibility 
by studying the distribution of radioactive histamine and spermidine added: (1) to the homogenized 
hypothalamus of the dog before it is fractionated by differential centrifugation, and (2) to the “crude 
mitochondrial” fraction from the hypothalamus before it is further fractionated on a discontinuous 
sucrose density gradient. 

* Supported by U.S.P.H.S., National Institute of Neurological Diseases and Stroke, Grant 
NB-06053 from the National Institutes of Health. 

t A portion of this work was presented before the Fourth International Pharmacology Congress, 
Basel, Swit~rland (July 1969). 


