IN VITRO OXYGEN UPTAKE BY TISSUES IN THE
PRESENCE OF TRANQUILIZERS AND ANTIDEPRESSANTS

LEON L. GERSHBEIN, IRWIN BENUCK ANI} NEAL MAILMAN
Northwest Institute for Medical Researel, Chicogo

ABSITRACT, The oxygen uplake by rat brain slices at 37° wus evaluated by War.
burg criteria before and alter the introduction of varions tranquilizers, anlidepressants,
phenabarbital and the antihistuminics, eyclizine and chloreyelizine hydrochlorides, at
levels of up to 100 yg and 1he differences analyzed for stutistical significance. Reserpine
chlorpromarine, prochlorperazine dimaleate, azacyclonel, benactyzine, hydroxyzine,
chlordinzepoxide, diazepam, oxavamide, chlormezanone, chlorprothizene and doxepin
and the antidepressants, imipramine, protripivline and nislamide in addition te pheno-
barbital. depressed brain oxyvgen uptake. The in vitro respirstion of brain and Liver slices
from rats injected s.c. 1 hr previously with several of the drugs, was in the range of

the respective saline-injected controls.

INTROVUCTION

Few systematic studies are avail-
able on the action of tranquilizers
and antidepressants on the in vitro
oxygen uptake by brain and other
tissues, except for the phenothia-
zines, notably chlorpromazine
{CPZ). The latter has been investi-
gated in regard to blood sugar
{Gupta et al., 1960; Jori et al., 1964;
Susten et al, 1971} and has been
shown to inhibit cytochrome oxidase
and adenosine triphosphatase
{Abood, 1955; Bernsohn et al., 1956;
Dawking et al., 1959, 1960; Williams
et al, 1963), succinoxidase (Helper
et al., 1958), aleohol dehydrogenase
{Wollemann and Keleti, 1962;
Khouw ef al, 1963), brain phos-
phorvlase {(Irive and Simmonds,
1967), brain cyclic 3'5-adenosine
monophosphate {Uzinov and Weiss,
1971y and liver mitochondrial
NADH-cytochrome ¢ reductase
{Dawkins et af., 1959), among oth-
ers, Sodium and potassium-activated
adenogine triphosphatase of beef
brain was also depressed by hydroxy-
zine, haloperidol and diazepam
{Ueda et al., 1971). An uncoupling
of oxidative phosphorylation of brain
was viewed as a prominent feature
in the pharmacolegical action of
CPZ (Abood, 1955; Bernsohn et al.,
19566) amd an inhibition of oxida-

tive phosphorylation also occurred
with liver mitochondria (Gallagher
el al., 1965).

With respect to the oxygen up-
take by animal brain, low to moder-
ate levels of CPZ proved inhibitory
(Courvoisier et al., 1953: Peruzzo
and Forni, 1953; Finkelstein ef al,
1954; Kok, 1956; Lindan et «al,
1957a,b; Mcllwain and Greengard,
1957; Kozik et al., 1958; Yanagawa,
1958) as was likewise the case with
imipramine (Abadom et o, 1961).
According to Bernsohn et al. (1956),
the aerobic respiration of brain was
inhibited while {he anaerohic metab-
olism was insensitive to CPPZ. The
latter was without effect on the res-
piration of such tissues as liver
{Peruzzo and Forni, 1953; Grenell
et al., 1955). The distribution and
concentration of several tranquilizers
in the brain have been investigated.
Thus, CPZ was found to inhibit the
metabolism of the hypothalamus and
the posterior lobe ol the pituitary
gland (Wase et al, 1956; Larsson,
19613 and the accumulation of phen-
othiazines in rat brain following
their injection has been reported by
Mahju and Maickel (1969). Ami-
triptyline readily enters the brain
(Hucker and Porter, 1961) and its
distributionn has been demonstrated
in rabbit and cat brain {(Corona ef
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al., 1971; Cassano ef al, 1985ab).
Reports are also available on the
concentration of diazepam in the
newborn monkey brain (van der
Klijn and Wijilels, 1971 and the
uptake of imipramine by rat brain
{Schneider and Schneider, 1969).

In the present study, a number of
tranquilizers and antidepressants
were investigated in relation to their
action on the oxygen uptake by rat
brain slices. The experiments were
so implementad as to afford relative-
1y similar conditions for the com-
parison of the effects of the agents.
T'or additional correlations, pheno-
barbital and the antihistaminics,
cyclizine and chloreyelizine hydro-
chlorides were included. In vet an-
other series, high levels of several
of the agenls were injected s.c. into
rats and the oxygen uptakes by liver
and brain slices compared with those
of the respective controls.

MATERIALS AND METHODS

The drugs were bulk powders of
USP or good grade and unless other-
wise stated, where salts were em-
moved, these comprised the hydro-
chlorides. The dosages are based on
the latter. The agents and sources
were as follows: captodramine (Ay-
erst); phenyltoloxamine citrate
{Bristol); cyclizine and chloreycli-
zine [(Burroughs Wellecome); lyo-
philized Ritalin® hydrochloride or
methylphenidate (Ciba)}; imipra-
mine (Geigy); amitriptyline, chlor-
prothixene, chlordiazepoxide and di-
azepam (Hoffman-La RRoche) ; phen-
aglveodol (Lilly); benactyzine, em-
¥lcamate and protriptyline {Merck
Sharpe & Dohme); azacyclonol, ox-
anamide and pipradrol (Merrell};
reserpine  (Nutritional Biochemi-
calg); doxepin, hydroxyzine and ni-
alamide (Pfizer); CPZ, prochlorper-
azine dimaleate and tranyleypromine
sulfate (Smith Kline & French);
mephenesin  carbamate  {Squibb);
chlormezanone (Sterling-Winthrop) ;

ectylurea (Upjohn); meprobamate

{Wallace) and promazine (Wyeth).
In a few experiments, parenteral
Valium® (Roche) and Serpasil®
(Ciba) were used. Male Charles
River rats of 250-300 g in weight
comprised the experimental animals
throughout. They were administered
Teklad rat feed and water ad b,

Each animal was sacrificed by
swilt decapitatior, the brain removed
and the cortex sliced in its entirety,
the slices from 2-8 rats bheing pooled
in chilled saline for each Warburg
run, Portions of the randomized
slices were gently blotted, weighed
and transferred to the main chamber
of the flask together with 1.8 ml of
Locke-Ringer solution. The test
drug as a solution or a very fine
suspension in the same medium was
introduced at a volume of 1.0 ml
into the sidearm:; 0.20 ml of 209,
potassium hydroxide and fluted fil-
ter paper were ingerted into the cen-
ter well. A total of 2-4 drugs was
investigated per run which invelved
17 flasks in addition to the thermo-
barometer. The system was gassed
with 100%, oxygen and readings tak-
en over an interval of 20 min follow-
ing equilibration at 37°. The test
solution was then tipped into the
main chamber and after 10 min,
readings were again recorded over a
period of 20 min. The differences in
oxygen uptake ware determined and
the significance tested by ealeulation
of the Fisher f-values. The above
procedures have been discussed pre-
viously in greater detail (Spencer
et al., 1964; Umbreit et al., 1964).

With the injection series, the drug
gsolution or galine wag administered
g.c. and the animals sacrificed 1 hr
later. Brain as well ag liver were
sliced and processed ag in the above
except that 2.8 ml of Krebs-Ringer-
phogphate solution comprised the
medium and readings were taken
over & period of 30 min; no fluid was
used in the sidearm.
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REesuLTs AND DISCUSSION

The differences in Qo, or ul O,/mg
dry tissue/hr, before and after in-
troduction of the drugs together
with the respective standard errors
(SE) and Fisher t-values are pre-
sented in Table 1. The agents were
screened at 1.0, 10 and 100 ug, the
10 ug-level being the more prominent
one. Of the major tranquilizers, res-
erpine as a fine suspension at 1.0
ug/ml depressed the oxygen uptake
of rat brain slices as was also the
case with the parenteral product and
with the two phenothiazines, the
well-known depressant, CPZ and
prochlorperazine; the difference with
promazine was not significant. The
triphenylmethane tranquilizers, aza-
cyclonol, benactyzine and hydroxy-
zine, markedly suppressed brain ox-
ygen uptake at 10 ng but captodra-
mine, even at 100 pg, proved ineffec-
tive. Both diazepines diminished the
oxygen consumption but the pro-
panediol derivatives, mephenesin
carbamate, meprobamate and phen-
aglycodol were without action at the
levels screened. In the miscellaneous
group of tranquilizers, ectylurea and
emylcamate comprised inactive
members, whereas chlormezanone,
doxepin and chlorprothixene inhibit-
ed brain respiration. In this respect,
the latter phenothiazine analog sim-
ulates the activity of CPZ.

Of the seven antidepressants list-
ed in Table 1, the hydrazide, niala-
mide, depressed brain oxygen uptake
in addition to the N-heterocyclic
compound based on phenothiazine,
imipramine. The latter finding is in
agreement with prior studies (Ab-
adom et al.,, 1961). On the other
hand, the homocyclic derivative,
amitriptyline, was without effect at
a comparable level but the closely
allied protriptyline, caused an in-
hibition and at the 59 level of prob-
ability. In line with earlier reports,
phenobarbital depressed the oxygen
uptake when introduced at a level

of 10 ug. Cyclizine and chlorcycli-
zine which were included with the
idea of correlating greater inhibitory
activity with the presence of the nu-
clear chloro-group as noted for the
pair, promazine and CPZ, were with-
out effect on the differences. In fact,
possibly a change in the direction of
a stimulation might be construed for
cyclizine.

Oxygen uptake findings for brain
and liver slices from 12 controls and
groups of 10 rats each injected s.c.
with very high dosages of meprobam-
ate, Serpasil®, CPZ, Valium®, me-
thylphenidate and hydroxyzine and
sacrificed 1 hr later appear in Table
2. One value was obtained per tissue
pool from each rat. Without excep-
tion, the mean values of the drug-
treated rats were in the range of the
respective controls. Presumably, the
cellular changes or the extent of
deposition of the drugs in the organs
are not too great under these condi-
tions. The negative findings with
liver are also apparent from earlier
studies (Peruzzo and Forni, 1953;
Wase et al., 1956). In this conjunc-
tion, Gey et al. (1965) reported
that rats injected i.p. with a single
dosage of CPZ, phenobarbital or
reserpine underwent a depression in
both glucose-6-phosphate and fruc-
tose-6-phosphate and in line with
earlier accounts, brain glycogen ac-
cumulated in the presence of pheno-
barbital and reserpine but not with
CPZ. A similar effect had been noted
with a single injection of CPZ by
others (Mathé et al., 1961) but on
repeated administration over pro-
tracted periods of time, the glycogen
level rose.

Differences among a few of the
psychotropic drugs are also evident
from other types of in vitro meta-
bolic studies. Saha and Ghosh
(1972) reported an inhibition of
glucose oxidation by yeast cells with
several phenothiazine tranquilizers
in addition to phenothiazine dima-
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Taece 2. Respiration of Brain and Liver Slices from Rats Injecled S.C. with Various

Drugs and Sacrificed 1 Hr, Later

Number Dosage,

Diug af rats mg/'kg
Control (suline} 12
Meprobamate 10 124
Serpasil® 10 4.00
CPZ 1 30.0
Valivm® 10 10.0
Methyiphenidate 10 20.0
Hydroxyzine 1 18.0

Brain Liver

(i, + 8B t O, + SE t
744 019 148 £ 1.25

T = 0.34 0.62 443 - .32 112
7.99 = 0.33 1.53 444 £ 0,29 .10
3.10 = 0.30 2.0 4.55 = 0.16 (.23
710 = 055 0.46 1.85 = .13 1.19
719 £ 0.34 0.68 4.01 = 4.26 .35
7.26 =027 0.56 5.06 = 6.13 1.93

leate, reserpine and mephenecsin, the
activity being less with the last
three agenils. Of a group of drugs
screened. on the succinoxidase sys-
tem, the phenothiazines displayed
the strongest depressive activity, fol-
lowed by reserpine and oxanamide
was relatively inactive (Helper et
ef., 1958), DBrain succinoxidase was
legs sensitive than the liver system
and the action of the agents was
thought to be unrelated to the mech-
anism of tranquilizing action. In yet
another investigation (Gershbein,
19663, CP7Z in amounts of up to
.50 mg, did not affect the oxygen
uptake by the isolated rat diaphragm
although both the glucose utilization
and glycogen content were depres-
sed. The phenothiazine, promazine,
inhibited only the glucose uptake;
barbituric acid, meprobamate and
reserpine were without effect on any
ol these parameters. Accordingly,
the above data do not parallel the
current brain oxygen uptake findings
but rather complement or amplify
many of the physiological character-
iglics of these diversified psychotrop-
ic agents.

LitEraTurE Crrrn

Apavoyw, I N. K. Amven, anp P G
ScHoLkriELp. 1961.) Biochemical studies
on Telranil. Can. J. Biochem., 39:; 551-
558,

Apoon, L. G. 1935, Effect of chlorpro-
mazine on phosphorylation of brain
mitochondria. DProc. Soc. Exp. Biof
Med., 88: 638-690.

Berxsonx, ], I. NamaJuska, axp L. 8 .
Cocrrane. 1956, The effect of chlor-
projuazine on respiration and glveolysis
in rat braiz. Arch. Biochem. Biophys.,
62:274.283.

Cassano, G, B, 5 E. Sj0stRann, ann L.
Hansson. 1965a. Distribution and fale of
C.aminectriptyline in mbee and rals
Psvchopharmacologin, &: 111

Cassa~o, (& B, 8§ FE. Siostzann, asp E.
Hansson, 1965h. Distribution of Cu.-la-
belled amitriptyline in the ecat brain.
Psychopharmacelogia, #: 12.22,

Corona, . L., R. M. TIacino, anp G.
Sanracostine. 1971, Influence of chron-
ic treatneent on the distribution of ami-
triptyline  and metabolites in rabbit
brain. Bischem, Pharmacol,, 20: 2765-
2771,

Coopvorsier, 5, J. Foryen, R, Durerov. M.
Rousky, ano P, Kowrscuer, 1953, Pro-
priéiés pharmacodynantiques du chlor-
hydrate  de  chloro-#{dimethvlmnino-3*-
phopyl} li-phenothiazine {4560 R.P.).
Arch. Int. Pharmacodyn. Ther., 92: 305-
361,



GERSTIBEIN, BENUK & MAILMAN—TISSUE OxYGEN UPTAKE & DIRUGS 13

Dawraxs, M. J. R, L T3, Junarr, axo K. R
Rees. 1959, Action of some phenothiazine
derivalives bn the respiratory chain.
Biochem. Pharmacol., 2: 112-121%

Dawxins, M. J. R, ). D. JunaH, anpg K.
RB. Rees, 19618 Action of chlorpromazine.
3. Mitochondrial adenoszine  triphos
phatase  and  adenosine  wriphosphute-
adenosine  diphosphale  exchange. Bio-
chem. J., 76: 200.205.

Frukeusrery, M., W, A Sreevcer, axn E. KL
Ripgaway. 1951, Chlorpromazine and tis-
suc metabolism, Prae. See. Exp. Biol
Med., 87: 343-344.

Garracuer, C. H., J. H. Kocir, axo [ M.
Maxw. 1965, The effeer of phenothiazine
on the metabolism eof liver mitachon.
dria. Biochem. Pharmaenl., 14: 789747

{=eusHEEIN, L. L. 1966. Effcet of drugs and
catecholamines on rat diapliragm earbo.
hydrate metabolism, J. Pharm. Sei, 55:
846-848.

Gry, K. F., M. Rurtnavser, anp A, Prer-
SCHER, 1965. Supprension of glveoloysis
in rat brain in vive by chlorpromagzine,
reserpine, and phenobarbital Biochem.
Pharmacol, 14: 507514,

GrenirL, R, G, T Mexorrson, axp W. D.
McELroy. 1935, Effects of chlorproma-
zine on melabolism in central nervous
system.  Arch, Neurol, Psychiat, 73:
147-551.

Gurra, 50 K., M. A, Parer, axp A D,
Joserm. 1960, Effects of chlorpromazine
and epinephrine on blood-sugar of rab.
hits.  Arch. Int. Pharmacedyn. Ther,
128: 82-88,

Hewres, E. W, M. J. Carver, H. I’. Jacoor,
asp Jo A Saarir. 1938 The effect of
tranquilizing  agents and related com-
pounds on the suecinoxiduse ayslem.
Arch, Biochem. Pdophys., T6: 334361

IMuexer, I T, anp C. . *orTER. 1961,
Stondies on the metabolizsm of amilvipty-
line. Fed. Proe.. 200 172,

Irave, T. T.. ane F. A, Stuxoxps. 1967
Effieci of chlorpromazine on rat brain
phosplorylase. Tou J. Neurophartacol .
6: 341-348.

Jorn, A, T Brusagpi, axn 5 Gararving
1964, Chlorpromazine snd gluieose meta-
bholism. Int. ). Neuwropharmacol, 3:
353-358.

Knovw, L. B.. T N. BCrerIDGE, ann ¥, (.
FurHekLasD, 1963, The inhibition of ul
cohol dehydrogenuse. Biochim. Biophys.
Aeta, 73: 173-18:

Ko, K. 1936, Investigation into the influ-
mee of chlorpromazine and I0-{3%d9me-
thy laminspropyl ! -phenothiuzine (RP
3276 on respiralion and glyealvais of
rat brain cortex slees. Acta Phyeiol
Fharmaca!l, Neerl, 3: 1.7,

Kozix, 1., X. Lang, anp A, ZELENY. 1958.
Some lactors modiiying the action of
chlorpromazine upon the 0. uptake of
brain homogenales in vitro. Experientia,
14: 454-155.

Eansson, 3. 1961, The cffect of chlorpro-
mazine on Lhe glucose metabolism in
different parts of the goat brain. Aecta
Physiol. Scand., $3: 68-74,

Linpan, O, I IL. QuasteEL, AND 3. SvED.
1957a. Biochemical studies on chlogpro.
mazine. . The effect of chlorpromazine
on respiratory activity of isolated rmt
brain cortcx. Can. J. Biochems, 35; 1135-
1144,

Linvax, 0., J. H. Quaster, anp 5, SvEn.
1857h. Biochemieal studies on chlorpro-
mazine, 2, Effects of chlorpromuagine on
incorporalion inle proteing, and beeak-
down of glyeine-1-C* by isolated rat
brain cortex, Cax. J. Biochem. 35: 1145-
1130,

Marng, V. G, Kassy, axp K. HUNKiR
1961, Die Wirkung dea Chlorpromas-
zines anl den Kohlenhvdratstoffweeleel
des Rattengehirns. Prychopharmacologia,
2: 334341

Melvwain, H, ans . GreENcarn, 1957
Exeflants and depressamts of the central
nervous system, on isolated eleetrically-
stimulated cerchral tissues, I Neuro-
chem., 1: 318357

Manae, M. A, ann R P, Macker., 1969,
Aveumulation of phenothiszine Lran.
quilizers in rat brain and plusma after
repeated desage. Biochem, Pharmuacol,,
L8 2701.2710.

Peatzzo, L., axp R. B, Foani 1953, Ac.
tion de la chlorpromazine (Larpactil}
sur la respivation des rtizsns [ consoma-
lion en oxvgene), Presse Méd, 61; 1463,

Sany, J,oane D Grosn. 19720 The effcot
of tranquilizers gn the oxidation of gle-
cose by veast cella, Indian J. Med. Res.,
60 : 276280,

SCHNEIDER, (.. AND (. Scurwnmer. 1969,
Uber dia Auwluahme des Psychopharma-
kons Imipramin in das Rattenhirn und
seinen. Metabolistous bei cinmaliger und
bei chroniselier Gabe des Medikamentes.
Psyehopharmacologia, 142 74.82.

SrENcER, K. I., L. L. Corsirerin, awp B.
K. Krotoszyxskr 1964, Eflect of sulfhy.
dryl compoluuls ¢n rat Lissne oxvgen up-

tuke. J. Cell. Caomp. Phyeiol, 63: 203
208
Susren, A, S, F H Menvear, avp T, 5.

Miva, 1971, Effect of ehlorpromazine on

ense. Biochem., Pharmacel, 20; 3143-

3150,






