Biochemical Pharmacology. Vol. 27. pp. 995-998. Pergamon Press. 1978, Printed in Great Britain.

INOTROPIC ACTION OF HYDROXYLATED CHLORPROMAZINE
METABOLITES AND RELATED COMPOUNDS*

Ta1 AKera, Davip D. Ku, THEODORE M. Broby and
ALBERT A. MANIAN
Department of Pharmacology, Michigan State University, East Lansing, MI 48824, and

Pharmacology Section, Psychopharmacology Research Branch,
National Institute of Mental Health, Rockville, MD 20857, U.S.A.

(Received 28 March 1977 accepted 14 June 1977)

Abstract—Effects of several hydroxylated chlorpromazine metabolites and related compounds on car-
diac contractile force were studied using electrically stimulated left atrial preparations of guinea pig
hearts. 7,8-Dihydroxychlorpromazine and 7,8-dioxochlorpromazine produced marked positive inotropic
effects in uM concentrations. 7,8-Dihydroxyperphenazine and 7-hydroxychlorpromazine had relatively
weak inotropic actions. 2-Hydroxydesmethylimipramine also had a weak inotropic action. Other com-
pounds, such as chlorpromazine, 8-hydroxychlorpromazine, 2-hydroxy- or 3-hydroxy-promazine, and
2-hydroxyimipramine, failed to significantly alter cardiac contractile force. The positive inotropic effects
of 7,8-dihydroxychlorpromazine or 7.8-dioxochlorpromazine were markedly reduced by pretreatment
with (+ )-propranolol, indicating the involvement of f-adrenergic mechanisms in the inotropic action

of these agents.

Cardiovascular actions of chlorpromazine and related
phenothiazine derivatives may be generally character-
ized as inhibitory. The mechanisms of such actions
are complex since these agents act directly on the
heart and blood vessels, and also indirectly on the
central nervous system and peripheral autonomic
systems to modify cardiovascular function [1]. These
actions of chlorpromazine may be complicated

further by the presence of pharmacologically active .

metabolites [2-6] which are produced during an
extensive biotransformation of this compound
[2.7-11].

One of such active metabolites of chlorpromazine
is 7.8-dihydroxychlorpromazine. This compound has
been shown to inhibit isolated Na* K *-ATPase [12]
and adenylate cyclase [13], to prevent carbachol-
induced rise in cyclic AMP concentrations in rat
brain slices [14], and to release calcium ions from
isolated mitochondria [3, 15]. 1t also produces a posi-
tive inotropic effect in the isolated heart [12]. The
present study was initiated to investigate the cardiac
actions of several hydroxylated chlorpromazine meta-
bolites and structurally related compounds (Fig. 1).

METHODS

Guinea pigs of either sex weighing 350-500 g were
stunned by cervical dislocation. Their hearts were im-
mediately removed, and left atrial preparations were
suspended vertically between a pair of platinum field
stimulation electrodes as described by Levy [16] in
a bath containing Krebs-Henseleit solution of the
following mM composition: NaCl, 118.0; NaHCO,,
27.2; KCl, 4.8; MgSO,, 1.2; KH,PO,, 1.0; CaCl,,
2.5; and glucose, 11.1 [17]. The solution was aerated
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with a 95% 0,-5%, CO, gas mixture which produced
the pH value of 7.4 and was maintained at 30 + 0.1 .
Atrial preparations were electrically stimulated at
1 Hz with square-wave pulses of 3-msec duration at
a voltage not exceeding 15 per cent above threshold.
Isometric contractile force was recorded with a force
displacement transducer (Grass Instruments Co.,
Quincy, MA ; model FT-03C) attached to a Polygraph
recorder. Resting tension was adjusted to 1.0 g. After
a 60-min equilibration period, the effect of one con-
centration of a test drug was studied in each prep-
aration.
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Fig. 1. Chemical structure of parent compounds. Positions
on the tricyclic ring structure which may be modified are
numbered.
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In one series of experiments, ( + }-propranolol was
added to the medium (final concn, 10 gM) 20 min
before the addition of the test drug. Preliminary ex-
periments indicated that this concentration of pro-
pranolol shifts the dose-response curve for isoproter-
enol to the right by approximately an order of magni-
tude under these conditions. Changes in isometric
contractile force produced by the test drug were
expressed as per cent of the contractile force observed
immediately prior to drug addition.

When 7.8-dihydroxychlorpromazine and 7.8-dioxo-
chlorpromazine (Fig. 1) were dissolved in distilled
water, they formed dark red solutions. Monohydroxy-
derivatives of chlorpromazine or promazine. 7.8-
dihydroxyperphenazine, 2-hydroxyimipramine and
2-hydroxydesmethylimipramine were dissolved in
slightly acidic medium and formed clear colorless
solutions.

Chlorpromazine was a gift from Dr. Harry Green
of Smith, Kline & French Laboratories, Philadelphia,
PA. Hydroxylated derivatives of phenothiazines and
tricylic antidepressants were obtained from Psycho-
pharmacology Research Branch, National Institute of
Mental Health, Rockville, MD. Other chemicals were
of reagent grade. Statistical significance of the data
was analyzed by Student’s r-test.

RESULTS

After a 60-min equilibration period, contractile
force of electrically stimulated guinea pig left atrial
preparations was stable for at least 120 min. Under
the present experimental conditions, chlorpromazine
(final concn, 10 or 100 uM) failed to affect cardiac
contractile force during a 20-min observation period
(data not shown). The addition of 7-monohydroxy-
chlorpromazine (final concn, 5 uM) produced a slight,
gradual increase in contractile force (Table 1). The
positive inotropic effect of 8-monohydroxychlorpro-
mazine was smaller than that of 7-monohydroxy-
chlorpromazine. Monohydroxylated metabolites of
promazine; 3-hydroxypromazine or 2-hydroxyproma-
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Fig. 2. Effects of various concentrations of 7.8-dihydroxy-
chlorpromazine on the cardiac contractile force. Left atrial
preparations of guinea pig hearts were electrically stimu-
lated at | Hz. After a 60-min equilibration period at 30",
a test drug was added to the medium at time zero. The
changes in the isometric contractile force are expressed as
a percentage of the value observed immediately before the
addition of the drug. A vertical line indicates standard
error of the mean. Average contractile force before the
addition of drug was 0.85g. Each point represents the
mean of six experiments.

zine failed to produce a significant change in cardiac
contractility at 5 M concentrations. At this same
concentration (5 uM), 78-dihydroxychlorpromazine
and 7.8-dioxochlorpromazine produced a marked in-
crease in cardiac contractile force which developed
rather rapidly, reaching the maximum at approxi-
mately 7 min (Table 1). 7.8-Dihydroxyperphenazine
(5 uM), however, produced only a slight positive in-
otropic effect which developed relatively rapidly
(Table 1).

The positive inotropic action of 7,8-dihydroxy-
chlorpromazine was dependent on the concentration
of this agent over the range of 2.5 to 25 uM (Fig.
2). The action of 7.8-dihydroxychlorpromazine on

Table 1. Inotropic effects of hydroxylated derivatives of phenothiazines and tricyclic antidepressants*

Inotropic responset

No. of (per cent changes in contractile force)

experi-  Control
Compound ments force 4 min Maximal change 20 min
7-Hydroxychlorpromazine 4 0.74 + 0.29 6.8 + 1.01 19.0 + 3.2f (20 mink 19.0 + 3.2%
8-Hydroxychlorpromazine 4 0.59 + 0.11 5.9 + 081 8.4 + 1.8* (20 min) 84 1+ 1.8%
3-Hydroxypromazine 4 0.88 + 0.21 36 + 44 39 +£ 61 (10 min) 3.0+ 6.0
2-Hydroxypromazine 4 079 +0.11 —13+05 —64+ 21 (16 min) ~54 422
7.8-Dihydroxychlorpromazine 5 091 £ 0.14 387 + 74} 434 + 85* (8 min) 376 + 8.7¢
7.8-Dioxochlorpromazine 6 082 +0.12 349 + 5.7 369 + 691 (6 min) 23.1 + 9.6
7.8-Dihydroxyperphenazine 5 073 + 0.12 94 1+ 49 16.2 + 80 (14 min) 140 + 87
2-Hydroxyimipramine 4 0.88 + 0.28 06 + 34 ~10.5+ 62 (20min) -10.5+ 6.2
2-Hydroxydes-

methylimipramine 4 085 +0.15 238 + 7.7 238 + 7.7t (4 min) 203 + 101

* Left atrial preparations of guinea pig hearts were electrically stimulated at | Hz. After a 60-min equilibration period
at 307, a test drug (final concn, 5 uM) was added to the medium. The changes in the isometric contractile force are
expressed as a percentage of the value observed immediately before the addition of drug. Values are mean +

S.E M.

t Per cent changes in contractile force after drug addition. Negative values indicate decrease in contractile force.

1 Significantly different from zero (P < 0.05).

§ Time when the maximal change in contractile force was observed.
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Fig. 3. Effects of various concentrations of 7,8-dihydroxy-
chlorpromazine on the cardiac contractile force in the pres-
ence of propranolol. See legend to Fig. 2. In these experi-
ments, {+ }-propranolol (final concn, 10 uM) was added to
the medium after the equilibration period and the test drug
was added 20 min later (time zero) when the contractile
force was stabilized at a level approximately 20 per cent
lower than that observed before the addition of proprano-
lol. Changes in cardiac contractile force induced by
7.8-dihydroxychlorpromazine are expressed as a percent-
age of the contractile force observed immediately before
the addition of 7 8-dihydroxychlorpromazine. Average con-
tractile force before the addition of 7,8-dihydroxychlorpro-
mazine was 0.76 g. Each point represents the mean of six
experiments.

contractile force appeared to be transient: an initial
rapid increase in cardiac contractile force was fol-
lowed by a gradual decrease in the contractile force.
After a 60-min incubation, however, the cardiac con-
tractile force in the presence of 25 uM 7.8-dihydroxy-
chlorpromazine was greater than that observed before
the addition of this agent (data not shown). It should
be noted that 7.8-dihydroxychlorpromazine did not
induce arrhythmias at these concentrations.
Addition of (& )}propranolol {final concn, 10 uM)
after the equilibration period produced a gradual de-
crease in cardiac contractile force which stabilized
approximately 20 min after addition. At this time, car-
diac contractile force was approximately 20 per cent
lower than that observed prior to propranolol addi-
tion. In the presence of propranolol, 78-dihydroxy-
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Fig 4. Effects of various concentrations of 7.8-dioxochlor-

promazine on the cardiac contractile force. See legend to

Fig. 2. 7.8-Dioxochlorpromazine was added to the incuba-

tion medium in the absence of propranolol. Average con-

trol contractile force was 0.82 g. Each point represents the
mean of six experiments.
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Fig. 5. Effects of various concentrations of 78-dioxochlor-
promazine on the cardiac contractile force in the presence
of propranolol. See legend to Fig. 5. 7.8-Dioxochlorproma-
zine was added to the incubation medium in the presence
of propranolol. Average contractile force before the addi-
tion of 7.8-dioxochlorpromazine was 0.76 g. Each point

represents the mean of six experiments.

chlorpromazine produced a weak, transient positive
inotropic effect, reaching a peak at 2-3 min after drug
addition (Fig. 3). After this time, cardiac contractile
force decreased significantly.

The positive inotropic action of 7,8-dioxochlorpro-
mazine in the absence of propranolol was also dose
dependent and biphasic (Fig. 4). With higher concen-
trations of 78-dioxochlorpromazine, the negative in-
otropic effect, which was observed after the initial
transient positive inotropic effect, was more pro-
nounced than that produced by 78-dihydroxychlor-
promazine. Consistent with this observation, high
concentrations of 7,8-dioxochlorpromazine produced
marked negative inotropic effects in the presence of
propranolol (Fig. 5). In the presence of propranolol,
the positive inotropic effect of 7,8-dioxochlorproma-
zine was transient and markedly reduced compared
to that observed in the absence of propranolol (com-
pare Figs. 4 and S).

Because of the structural similarities (Fig. 1), in-
otropic effects of 2-hydroxyimipramine and 2-hydroxy-
desmethylimipramine were also studied. In the
absence of propranolol, 2-hydroxyimipramine failed
to affect the isometric contractile force of quinea pig
left atrial preparations whereas 2-hydroxydesmethyl-
imipramine produced a sustained positive inotropic
effect which developed rather rapidly reaching the
steady level within 5 min (Table 1)

DISCUSSION

7.8-Dihydroxychlorpromazine and 7.8-dioxochlor-
promazine were capable of producing concentration-
dependent positive inotropic effects in electrically
stimulated left atrial preparations of guinea pig
hearts. The inotropic responses to 5 uM monohy-
droxychlorpromazines or 7.8-dihydroxyperphenazine
were markedly smaller than those produced by the
same concentration of either 7,8-dihydroxychlorpro-
mazine or 7.8-dioxochlorpromazine. Monohydroxy-
promazines failed to produce a significant positive
inotropic effect at the above concentration.

Superficially, potencies of these compounds to pro-
duce positive inotropic effects are related to their in-
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hibitory eflects on isolated Na® K "-ATPase. For
example, 7.8-dihydroxychlorpromazine is the most
potent Na* K *-ATPase inhibitor among the above
compounds [12.18]. The concentration of 7.8-dioxo-
chlorpromazine to cause a 50 per cent inhibition of
Na* K "-ATPase in vitro is slightly higher than that
of 7.8-dihydroxychlorpromazine, whereas that of
7.8-dihydroxyperphenazine needed to cause a 50 per
cent inhibition of the isolated Na' K '-ATPase is
almost twice the concentration of 7.8-dihydroxychlor-
promazine necessary to produce a comparable effect.
Monohydroxylated metabolites were relatively inef-
fective inhibitors of Na* K "-ATPase unless activated
by ultraviolet irradiation [12]. The relationship, how-
ever, between Na* K *-ATPase inhibition and posi-
tive inotropy appears to be coincidental for the fol-
lowing reason. A number of Na’ K *-ATPase inhibi-
tors produce positive inotropic effects {19]. The ino-
tropic effects of other Na* K *-ATPase inhibitors are
unaffected by a concentration of propranolol which
effectively blocks f-adrencrgic receptors. In contrast.
the positive inotropic effect of 7.8-dihydroxy-
chlorpromazine or 7.8-dioxochlorpromazine was
markedly reduced by propranolol. Thus. it appears
that the positive inotropic effect of the phenothiazine
metabolites involves B-adrenergic mechanisms, either
by their direct actions on the f-adrenergic receptors
or by indirect actions on the sympathetic nerve ter-
minals.

It should be noted that 78-dihydroxychlorproma-
zine, the most potent inotropic compound among this
group, has two vicinal hydroxyl groups on the ben-
zene ring and thus somewhat resembles the structure
of catecholamines. Differences in the inotropic action
of 7.8-dihydroxychlorpromazine and 7.8-dihydroxy-
perphenazine, and those of 2-hydroxyimipramine and
2-hydroxydesmethylimipramine suggest the impor-
tance of the side chain containing a nitrogen atom
and/or of the electronegative chloride on the mol-
ecule. Whether such a structural resemblance to the
catecholamines is important for the inotropic action
of these compounds is yet to be determined.

In the present study, 2-hydroxydesmethylimipra-
mine produced a sustained positive inotropic effect.
This observation is in contrast to a previous report
by Jandhyala et al. [20] in which 2-hydroxyimipra-
mine and 2-hydroxydesmethylimipramine have been
shown to decrease cardiac contractility in the anesthe-
tized dogs. These results indicate the complex nature
of the cardiovascular effects of the metabolites of tri-
cvleic antidepressants.

In conclusion. several hydroxylated phenothiazine
derivatives and tricyclic antidepressants, including

those which have been shown to be metabolites of
these agents, produce positive inotropic effects in iso-
lated guinea pig hearts in contrast to the cardio-
depressant actions of parent compounds. Such actions
may contribute to the complexity of the cardiovascu-
lar effects of phenothiazines and tricyclic anti-depres-
sants.

REFERENCES

. R. Byck, in The Pharmacological Basis of Therapeutics
(Eds. L. S. Goodman and A. Gilman). 5th Edn. p. 162.
MacMillan. New York (1975).

2. L 8. Forrest, A. G. Bolt and R. C. Aber, Aggressologic
9, 259 {1963).

3. S. A Tjioe, A. A. Manian and J. J. O'Neill, Biochen.
biophys. Res. Commun. 48, 212 (1972).

4. P. N. Kaul. P. R. Pabrai and M. Farmer. Archs int.
Pharmacodyn. Thér. 206, 325 (1973).

5. H. Barry, M. L. Steenberg, A. A. Manian and J. P.
Buckley, Psychopharmacologia 34, 351 (1974).

6. 1. P. Buckley, M. L. Steenberg, H. Barry and A. A,
Manian, in Phenothiazines and Structurally Related
Drugs (Eds. 1. S. Forrest, C. J. Carr and E. Usdin).
pp. 617-31. Raven Press, New York (1974).

7. D. E. Green and L S. Forrest, Can. Psychiat. Ass. J.
11, 299 (1966).

8. A. G. Bolt and L. S. Forrest, Proc. west. Pharmac. Soc.
10, 11 (1967).

9. J. Dreyfuss and A. L. Cohen, J. pharm. Sci. 60, 826
(1971)

10. A. A. Manian, D. H. Efron and 8. R. Harris, Life Sci.
10, 679 (1971).

11. P. Turano, W. J. Turner and A. A. Manian, J. Chromat.
78, 277 (1973).

12. T. Akera, S. I. Baskin. T. Tobin, T. M. Brody and
A. A. Manian, in Phenothiazines and Structurally
Related Drugs (Eds. 1. 8. Forrest, C. J. Carr and E.
Usdin), pp. 63340. Raven Press, New York (1974)

13. G. C. Palmer and A. A. Manian, Biochem. Pharmac.
25, 63 (1976).

14. G. C. Palmer and A. A. Manian, Eur. J. Pharmac. 38,
205 (1976).

15. S. A. Tjioe, A. A. Manian and 1. J. O'Neill, in Pheno-
thiazines and Structurally Related Drugs (Eds. 1. S. For-
rest, C. J, Carr and E. Usdin), pp. 606-16. Raven Press,
New York (1974).

16. J. V. Levy, in Methods in Pharmacology (Ed. A.
Schwartz), pp. 77-104. Appleton-Century-Crofts, New
York {(1971).

17. S. A. Winegrad and A, M. Shanes. J. gen. Physiol. 45,
371 (1962).

18. T. M. Brody, T. Akera, S. L Baskin, R. H. Gubtiz
and C. Y. Lee, Ann. N.Y. Acad. Sci. 242, 527 (1974).

19. T. Akera and T. M. Brody, Life Sci. 18, 135 (1976).

20. B. S. Jandhyala. M. L. Steenberg. J. M. Perel, A. A,

Manian and J. P. Buckley, Eur. J. Pharmac. 42, 403

(1977).



