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Effect of chloropromazine on *H-phenazine methosulfate uptake into various regions
of rat brain and into subcellular fractions of brain and liver (in vitro)

(Received 11 September 1972; accepted 12 January 1973)

THIS PAPER reports results obtained on uptake of 3H-phenazine methosulfate (*H-PMS) in vivo into
whole rat brain, cerebral cortex, cerebellum, mid-brain, hypotbalamus and brain stem under the
influence of chlorpromazine (CPZ). In addition, it examines uptake of *H-PMS into mitochondrial
and microsomal-cytosol fractions of rat brain and liver. The effects of CPZ on neurochemistry,!~?
and CPZ on mitochondrial permeability and physiology® —'2 suggested that CPZ might alter the up-
take of PMS into both tissue and subcellular fractions from brain and liver.

In vitro, CPZ decreases respiration and Ca2* transport in rat brain mitochondria.'® In vitro, CPZ
also inhibits PMS transport in rat liver mitochondria.* In liver mitochondria, PMS transport is both
respiration and Ca2* dependent.* In the present study, we were particularly interested in whether
CPZ would inhibit PMS transport in vivo. In addition, we were interested in whether the effect of CPZ
on the brain was regional or general in view of the selective blood-brain barrier to CPZ.1*

In six experiments, male rats of the Wistar strain (400-500 g) were used. The rats were fed a basal
diet previously described.!® Rats were anesthetized with ether, injected intraperitoneally (i.p.) with
CPZ, 50 pmoles/kg body wt (Smith, Kline & French Labs) 90 min before *H-PMS was given i.p.
(325 uCif335 g; New England Nuclear). Controls were given water in lieu of CPZ.

Determination of 3H-PMS uptake into tissue. After 5 min, blood was taken from the heart of an
ether-anesthetized rat and the brain was excised. The brain was washed in 20 ml of ice-cold buffer
consisting of 0:32 M sucrose, 0-1 mM EDTA, and 5 mM Tris (pH 7-4). The brain was sliced longi-
tudinally with a razor blade and one-half was dissected into aliquots from the cerebral cortex, cere-
bellum, mid-brain, hypothalamus and brain stem.!” The brain tissue was disrupted in a small Tri-R
glass-Teflon homogenizer, using a motor-driven pestle, in a smail buffer volume. The homogenates
and blood samples were digested for 2 hr in Protosol (New England Nuclear) at 55°, a fraction of the
blood and tissue digests were transferred to a glass scintillation vial containing 15 ml of Aquasol (New
England Nuclear), and the samples were counted on a Beckman LS-233 liquid scintillation counter.
Chemiluminescence was reduced with glacial aldin acid and samples were counted after 12 hr. Correc-
tions for quench and background activity were made and the specific activity was calculated (dis/min
of 3H-PMS/mg of protein). Proteins were determined by the method of Lowry et al.'® with bovine
serum albumin as a standard. Data were calculated as the ratio of the specific activity in the tissue re-
lative to blood or as the specific activity of the mitochondrial and microsomal-cytosol fractions com-
pared to blood.

The rationale for computing tissue/blood ratios depends on the fact that tissue uptake of *H-PMS
is directly dependent upon the amount of *H-PMS in the blood. Since it is practically impossible to
accurately reproduce SH-PMS blood levels'on a day-to-day basis with different animals, knowledge
of the blood *H-PMS specific activity (dis/min/mg protein) provides a baseline upon which tissue
uptake can be interpreted.

Determination of *H-PMS in mitochondrial and microsomal fractions. The methods of isolation of
brain and liver mitochondria have been described previously.!?:2° Homogenates were prepared in a
50-ml Tri-R homogenizer with a motor-driven Teflon pestle. Homogenates and isolated fractions were
treated as described for tissue preparations. Brain'® and liver*® microsomal-cytosol fractions were
obtained from the supernatants of the first mitochondrial purification steps for each procedure. For
the liver microsomal-cytosol fraction, the method was modified from 9000 g/10 min to 8 min at 2000 g
followed consecutively by a 2-min spin at 9000 g.

Brain tissue uptake of * H-PMS. The specific activity in all areas of the brain from the control group
was higher than in the blood (Table 1). In contrast, brain 3H-PMS specific activity in the CPZ-
treated rats never exceeded that of blood. Analysis of the data, using the F-test, revealed that none of
the separate regions of the brain had an uptake significantly different from that of the whole brain.
Hence, PMS was uniformly distributed in the brain regions examined.

The blood specific activity between both the treated and untreated rats was not different. Hence,
any decrease in the tissue/blood ratio represents inhibition of *H-PMS uptake by CPZ. The per cent
of inhibition of *H-PMS uptake by CPZ was not significantly different in any one brain region
compared with CPZ inhibition of 3H-PMS by whole brain. This uniform effect by CPZ was not
expected, in view of the fact that accumulation of CPZ in rat brain follows widely varying degrees of

* S. W. French and D. S. Palmer, unpublished data.
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uptake according to the region studied.?! Despite this, CPZ inhibited to the same degree the uptake
of 3H-PMS in vivo in different regions of the brain.

3H-PMS uptake into brain and liver fractions. Table 2 gives an indication of the effects of CPZ on
3H-PMS uptake in vivo at the subcellular level. Uptake was greater in the liver compared to the brain
suggesting that a blood-brain barrier to PMS exists. CPZ inhibited 3H-PMS accumulation by 22-5
per cent in the brain and by 24-5 per cent in the liver. At the mitochondrial level, CPZ caused 45-2
per cent inhibition of uptake into the brain and 38-6 per cent inhibition in the liver. The uniformity of
effect in these different tissues is not followed at the microsomal-cytosol level, however. Only the liver
microsome-cytosol fraction appears to be sensitive to CPZ.

The present data suggested that CPZ might decrease the blood-brain barrier permeability to 3H-
PMS. CPZ has previously been shown to decrease vascular permeability to a toxic chemical mixture??
and to delay the passage of protein through capillary walls.?® In addition, CPZ administered sub-
cutaneously together with Coramine and strychnine delays the onset of convulsions.?* However,
in the present study it was shown that CPZ inhibited the uptake of 3H-PMS by the brain and liver
homogenates to the same extent. Since there is no anatomical blood-liver barrier, it is more likely
that CPZ inhibited active transport of SH-PMS to the same extent in both liver and brain.

CPZ has been shown to inhibit the active uptake of 32P into brain tissue?® and the uptake of *C-
acetate for incorporation into brain ATP.2¢ CPZ also inhibits the uptake and incorporation of #C-
leucine, glycine and lysine into brain proteins.27-2% Active uptake of 2*Na and “2K into the brain is
also CPZ inhibited.?® In vitro, PMS requires Ca?*-supported respiration and electron-flow for active
uptake to occur.?%-3! CPZ has previously been demonstrated to inhibit both Ca?* uptake and electron
transport.®13-32 Data on CPZ inhibition of respiration-supported PMS uptake in vitro* and CPZ
inhibition of brain mitochondrial respiration!® suggest that, in the present work, CPZ inhibits
3H-PMS uptake in vivo by decreasing the active uptake of this phenazine. This conclusion is supported
by the fact that CPZ inhibited *H-PMS uptake by the brain and liver to the same extent.

Department of Pathology, DouGLAS S. PALMER
University of British Columbia, SAMUEL W, FRENCH
Vancouver 8, British Columbia, Canada
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