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In most of thepublishedstudieson theuse of
propranolol in the treatment of schizophrenia, prop
ranololhas beengivenin additionto neuroleptics
rather than as the sole agent. Used in this way, prop
ranololhas beenshown to be more effectivethan
placebo (Yorkston et al, 1977; LindstrÃ¶m and Pers
son, 1980). However, the beneficial effects of prop
ranolol in this situation could be due to an interaction
with the neurolepticratherthan to a trueanti
schizophreniceffectof propranolol.Such an inter
action could be pharmacokinetic (increasing the
availableamount of activeneurolepticdrug)or
pharmacodynamic (enhancing the effect of the neuro
leptic on the target receptors).

The possibility of a pharmacokinetic interaction is
indicated by the finding of Vestal et al (1979) that
subjects treated with propranolol show an increase in
plasmapropranolollevelswhen chlorpromazineis
given in addition. Hanssen et a! (1980) reported a
decreased 4-hydroxypropranolol :propranolol ratio
on addingthioridazinetoexistingpropranololtreat
ment.This indicatesthatpropranololand pheno
thiazines may compete for hydroxylating enzymes. If
so,itwould be expectedthattheadditionofprop
ranolol to existing neuroleptic treatment would lead to
an increased plasma level of neuroleptic. This might be
expected to lead to an enhanced therapeutic effect of
the neuroleptic, since there is evidence, of a corre
lationbetweenplasmalevelsandtherapeuticeffectof
neuroleptic drugs (Sakalis et a!, 1972; Curry, 1976;

Rivera-Calimlim et al, 1976; Tune et a!, 1980; Cohen
eta!, 1980).

The therapeutically relevant pharmacodynamic
effect of neurolepticsâ€”blockade of dopamine re
ceptorsâ€”could be enhanced either by increased con
centrations of the neuroleptic or by some direct
potentiation of the neuroleptic by propranolol. Pro
lactin release is under central dopaminergic control,
and increase of plasma prolactin levels has been used
as an index of dopamine receptor blockade by neuro
leptics (Langer et a!, 1977). It has been reported that
plasma prolactin levels may fall slightly during treat
ment with propranolol alone (Wilson et a!, 1979;
Hanssen et a!, 1980), possibly due to blockade of
central serotonin receptors by propranolol (Middle
miss et a!, 1977). Treatment with a combination of
propranolol and a neuroleptic resu1ts@in elevated
plasma prolactin levels (Hanssen et a!, 1980) but it is
not reported whether this differs from the prolactin
response to a neuroleptic alone.

Based on these considerations, we predicted that
bloodlevelsof neurolepticand prolactinwould be
higherduringcombinedtreatmentwithpropranolol
and chlorpromazine than during treatment with
chlorpromazine alone. The present study was designed
to test this hypothesis.

Methods
Subjects for the study were 10 (9 males and 1 fe

male)informalin-patientsaged 31â€”56years(mean
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Summary: Ten hospitalizedchronicschizophrenicpatientswere given chlor
promazinealoneand chlorpromazineplushighdosepropranololin two 7-week
treatment periods according to a randomized crossoverdesign. In the six
patientswho completedthe whole study,plasmalevelsof chlorpromazineand
chlorpromazinesulphoxide,total serumlevelsof neurolepticand serumlevels
of prolactinwere consistentlyand significantlyelevatedduringtreatmentwith
chlorpromazineplus propranololrelativeto levelsduringtreatmentwith chlor
promazinealone. These effects are sufficient to explain previouslyreported
clinical improvementin schizophrenicpatientsgiven propranololin additionto
neuroleptics.
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45.4 years) with a diagnosis of chronic schizophrenia
supported by application of criteria of Feighner et a!
(1972). The mean duration ofhospitalization was 21.1
years (range 9â€”35years). Patients with relevant
physical illness, including heart disease, asthma, liver
disease and diabetes were excluded, as were â€˜¿�those
patients with a history of alcoholism or drug de
pendence, or with a medical need for regular treatment
with some psychotropic or other drug apart from the
trial medication. â€˜¿�Written Informed consent was
obtained from all the patients and from their nearest
relatives when available.

All previous medication was stopped and the
patients were immediately established on a fixed dose
of chiorpromazine, which was individually deter
mined on the basis of each patient's previous medi
cation history. This dose was not altered during the
15 week study period. The study involved two 7@week
treatment phases, separated by one week. During one
7-week period the patient was given chlorpromazine
alone. During the other 7-week period, propranolol
was added. The order of the two treatment phases was
randomized. -

â€˜¿�The dose of propranolol was incleased during the

first four wÃ eksto a maximum of 10 mg/kg/day unless
the pulse rate fell below 50 per minute or the systolic
blood pressure fell below 90 mm Hg, in which case the
dose was not hi@reased further or was reduced. The
maximum attained dose of propranolbl was then
maintained for the next three weeks. Chlorpromazine
was given three times daily (last dose 10.00 pm) and
propranolol was given twice daily (last dose 5.00
pm). No other drugs were administered during the
study. Pulse rate and blood pressure were recorded by
nursing staff at least twice weekly, with the patient
seated, two hours after@ the morÃ³ing dose of medi
cation. A modified (Yorkston et a!, 1974) version of
the Brief Psychiatric Rating Scale (BPRS; Overall and
Gorham, 1962) was completed by a psychiatrist
and the Nurses Observation Scale for Inpatient
Evaluation (NOSIE; Honigfeldt et a!, 1966) was corn
pleted by nursing â€˜¿�staff at the end of each 7-week
treatment period.

Each week during the final three weeks of each
treatment period, a blood sample was taken between
8.00 and 9.00 am, before the first morning dose of
medication. Plasma -levels of chlorpromazine, chior
promazine sulphoxide and 7'hydroxychlorpromazine
were measured by high pressure liquid chromato
graphy (Stevenson and Reid, unpublished). The levels
of neuroleptic in the serum (expressed as â€˜¿�chlor@
promazine equivalents') were also measured, using a
minor modification of the â€˜¿�radio receptor assay
pUblished by Creese and Snyder@ (1977), which
measures neuroleptic levels in terms of their ability to

displace (3H) spiroperidol from its receptor. Pro
lactin levels were measured by the method of Mc
Neilly and Hagen (1974), and propranolol levels were
measured using the method described by McAinsh et
a!(1978).

BecauSe ofthe small number of subjects in the study'
and the difficulty in assuming normal distribution of
the data, statistical analysis was performed using the
sign test, to compare values during trcat@nt with
chlorpromazine alone with those during treatn@nt
with the combination of chiorpromazine and prop
ranolol.

Results
Four patients failed to complete the study, one due

to withdrawal of consent, one due to non-compliance
with medication, one due to chlorproina@Ane side
effects and one due to cardiovascular effects of prop
ranolol. Data prior to dropout were available for one
of these four. For the patients completing the trial, the
mean dose of chlorpromazine used was 6.7 majkg
(range 2.5â€”13.8mg/kg), and the mean maximum
attained dose of propranolol was 8.1 mg/kg (range
4.6-10 mg/kg). In the six patients w1@ completed the
entire trial period, there were no consistent or signi
ficant changes in mental state .as assessed' by the
BPRS, the NOSIE, and global ratings carried out by
medical and nursing staff.

Details of plasma neuroleptic levels, which have
been reported in part in a previous preliminary corn
munication (Peet et a!, 1980), and also plasma prop
ranolollevels, are shown in Table -I.It can be seen that,
when propranolol is given in addition to chior
promazine, there is a statistically significant increaÃ¨ein
plasma levels of chlorpromazine parent compound,
chlorprornazine suiphoxide and serum levels of
â€˜¿�chlorpromazineequivalent'. Increases in these levels
were seen in every individual. Over the period of the
three study weeks the mean plasma level of chior
prornazine tends to decrease when cblorpromazine is
given alone, but to increase when propranolol is
added, thus showing evidence of accumulation.
Plasma levels of propranolol tended to increase over
the three study weeks. Due to analytical difficulties,
plasma levels of 7-hydroxychlorpromazine are best
presented in qualitative rather than quantitative terms.
During the three study weeks, 7-hydroxychiorpro
mazine was present in detectable quantities at some
time .in all patients given propranolol together with
chlorpromazine but in only two out of the seven
patients given chlorpromazine alone. However, all
value@ @Ã§At or near the lower limit of detection and
thereforetheseÃ¨taare notreliable.

, Details of serum levels of prolactin are shown in

Fig 1. Pro1a@tin levels showed a wide variation bet
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With propranololWithoutpropranololWeek.1

(n=7)Week2 (n=6)Week3 (n=6)Weeki (n=7)Week2 (n=6)Week3(n=6)chlorpromazine47.4

(10-166)-â€˜58.2(8â€”115)77.3(41â€”135)24.0(0â€”36)17.3 (0â€”26)14.0(0â€”30)Chlorpromazinesulphoxide20.7

(5â€”49)20.7 (5â€”38)22.8 (9â€”48)6.7 (0â€”17)3.3 (0â€”10)1.7(0â€”10)Chlorpromazineequivalent119.9

(67â€”162)126.5(51â€”201)147.5(121â€”191)87.9 (0â€”178)91.0(22â€”131)77.0(0â€”118)Propranolol

.75.9 (42â€”109)88.3(13â€”136)87.0(27â€”171)â€”â€”â€”*

With vs. without propranolol, P<0.05 (signtest).
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TABLE I

Plasma levels (ng/ml, mean and range) of chlorpromazlne, ch!orpromazine suiphoxide and propranolol, and serum levels of
â€˜¿�ch!orpromazineequivalent', in patients given chiorpromazine alone or together with propranolol

400-

ween individuals but in every patient the level was
elevated during treatment with chiorpromazine plus
propranololcomparedtothevalueduringtreatment
withchlorpromazinealone(P <0.05at.weeks1 and
3).On treatmentwithchlorpromazinealone,two of
the sevenpatientshad prolactinlevelsabove the
normal upper limit of 360 @.tg/mlbut mean values for
thegroupremainedwithinthenormalrange;when
propranololwasadded,fourofthesevenpatientshad
elevatedlevelsandthemean prolactinlevelremained
abovethenormalupperlimitthroughoutthethree
studyweeks.The additionof propranololtochlor
promazine was associated in general with a fall in
pulserateand a slightfallinsystolicand diastolic
bloodpressure.Otherside-effectswerenotroutinely
recorded.Apart from one patientwho developed
marked extrapyramidal symptoms whilst taking
chlorpromazine alone and a second patient who
suffered a cardiovascular collapse whilst taking prop
ranololtogetherwithchlorpromazine,therewereno

* clinicallyobviousside-effects.

Discussion

(120-1 115)
(145-1,052) (115-1,175)

E
(75-1,@5)

(105-730)

We have shown thatplasmalevelsof chlorpro
mazine and its metabolites are markedly and signi
ficantlyincreasedwhen propranololis given in
additionto chlorpromazineand thatthereisan
associated increase in serum prolactin levels. Our
hypothesis is thus confirmed.

As this study was primarily designed to investigate
thebiochemicalparametersoftreatmentwithprop
ranolol and chlorpromazine, it was not considered
necessary for treatment to be given on a double-blind

I I 1
1 2 â€˜¿� 3

Weeks
Fio 1.â€”Meanserum prolactin levels in patients treated
with chlorpromazine alone (0) or together with pro
pranolol (S). The range of scores is given in parenthesis at
each point. Upper limit of normal shown as dotted lfne.

* With vs. without propranolol, P <0.05 (sign test).

https://doi.org/10.1192/bjp.139.2.112 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.139.2.112


M. PEET, D. N. MIDDLEM1SS AND R. A. YATES 115

basis. The clinical data must therefore be interpreted
with some caution. However, a major beneficial effect
of combining propranolol with chlorpromazine
would not have been overlooked, and no such effect
was apparent in this study.

A relationship between plasma levels of chlor
promazine and its therapeutic effect has been des
cribed by some workers (Sakalis et a!, 1972; Sakalis et
a!, 1973 ; Curry, 1976; Rivera-Calimlim et a!, 1976),
whilst others have shown no such relationship (Mac
Kay et a!, 1974; Kolakowska, 1976; Wiles et a!, 1976;
Phillipson et a!, 1977). A therapeutic range for
chlorpromazine plasma levels has been suggested,
with either too high a level or too low a level leading to
lack of clinical response. Curry (1976) suggested that
this range lay between 30 and 400 ng/ml, whereas
Rivera-Calimlim et a! (1976) suggested a range from
50 to 300 ng/ml. Of the patients who completed our
study, only two subjects achieved plasma levels
greater than 30 ng/ml when given chiorpromazine
alone, whereas all six subjects achieved this plasma
level when given propranolol in combination with
chlorpromazine. Propranolol thus had the effect of
elevating plasma levels from below the putative thera
peutic range to within this range.

It is likely that effectively the same increase in
plasma levels of neuroleptic could be produced more
simply by increasing the dose ofchlorpromazine. High
dose chiorpromazine has been shown to be more
effective than conventional doses in a small proportion
of hospitalized chronic schizophrenic patients (Prien
and Cole, 1968; Clark et a!, 1972). However, in these
studies the benefits of high-dose chlorpromazine were
seen only in patients under the age of 40 years who
had been hospitalized for less than ten years. As only
one of our patients fell into this cateogry it is perhaps
not surprising that the increase in plasma chlor
promazine levels produced by propranolol did not
lead to clinical improvement.

Chlorpromazine has over 30 identified metabolites
and many of these are active pharmacologically
(Usdin, 1971). Two principal metabolites are 7-
hydroxychlorpromazine which is biologically active
and chlorpromazine sulphoxide, which is biologically
inactive (Creese et a!, 1978). A number of workers
have found that responders to chlorpromazine have
relatively greater amounts of 7-hydroxychlorpro
mazine than chlorpromazine sulphoxide in their
plasma (Sakalis et a!, 1973; MacKay er a!, 1974;
Phillipson et a!, 1977). In our study, both the active
and the inactive metabolite showed an increase on
adding propranolol to the chlorpromazine, although
the plasma levels of 7-hydroxychlorpromazine could
not be adequately quantified due to technical diffi
culties. Because chlorpromazine has several active

metabolites, it is not surprising that reported corre
lations between therapeutic response and plasma levels
of parent drug, with or without its main active meta
bolite, are not strong. It would be expected that the
combined effect of other active metabolites would also
be important in determining clinical response. The
radio receptor assay used in the present study is
therefore of great interest, since this assay measures all
active drug, whether parent compound or meta
bolites. It has been reported that there is a lower
threshold for neuroleptic efficacy in that patients with
serum levels of neuroleptic under 50 ng/ml show a
poor clinical response (Tune et a!, 1980). All of our
patients had serum levels of chlorpromazine equiva
lent greater than 50 ng/ml, even before the intro
duction of propranolol, and in all cases the intro
duction of propranolol led to a marked increase in
serum level ofchlorpromazine equivalent.

The level at which this pharmacokinetic interaction
between propranolol and chlorpromazine occurs is
uncertain. It has been previously shown that co
administration of chiorpromazine with propranolol
leads to a marked increase in plasma levels of prop
ranolol (Vestal et a!, 1979), and this interaction may be
due to competition for hydroxylating enzymes
(Hanssen et a!, 1980). In the present study, plasma
levels of 7-hydroxychiorpromazine were very low with
or without the presence of propranolol. The marked
increase in plasma levels of chlorpromazine sulph
oxide in the presence of propranolol may indicate that
chlorpromazine metabolism was diverted down this
metabolic pathway. Our findings are thus compatible
with a relative inhibition by propranolol of hydroxy
lation of chlorpromazine, although other metabolic
steps may also be involved. Our findings with chlor
promazine cannot automatically be generalized to
other neuroleptics but these drugs share many meta
bolic pathways (Cooper, 1978) and therefore similar
interactions between propranolol and other neuro
leptics can be predicted.

There have been a number of studies on plasma
prolactin levels during treatment with neuroleptics. It
has been shown that plasma prolactin levels are
markedly increased on acute administration of neuro
leptics (Nikitopoulou et a!, 1976; Wiles et a!, 1976;
Langer et a!, 1977; Meltzer et a!, 1977; Gruen et a!,
1978). Whilst a number of workers have found dc
vated prolactin levels even after chronic admin
istration of neuroleptics (Beumont et a!, 1974; Wilson
et a!, 1975 ; Dc Rivera et a!, 1976; Kolakowska et a!,
1976; Gruen et a!, 1978), these effects were less clear
cut than those following acute administration of
neuroleptics, and there is evidence that a degree of
tolerance develops to the prolactin-releasing effect of
neuroleptics (Kolakowska et a!, 1976; Naber et a!,
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1980).In thepresentstudy,prolactinlevelsduring
treatmentwithchlorpromazinealonewere mainly
withinnormallimits,althoughtwo subjectsshowed
elevatedlevels.Allthesepatientshad beentreated
with dopamine-receptor blocking drugs for a number
ofyearsand thereforehad probablydevelopedsome
tolerance. However, all patients were capable of en@
hanced prolactin response, as shown by the consistent
increaseinplasmaprolactinlevelswhen propranolol
was added to the chiorpromazine. Propranolol alone
has little effect on prolactin levels in man, if anything
producing a slight decrease (Wilson et a!, 1979;
Hanssen et a!, 1980). The increase in plasma pro
lactin levels which we observed when propranolol was
added to chlorpromazine was therefore almost cer
tainly caused by the increase in plasma levels of
chlorpromazine and its active metabolites.

We have demonstrated that there is a pharmaco
kinetic interaction between chlorpromazine and
propranolol, such that plasma levels of chiorpro
mazine and its active metabolites increase markedly
when propranolol is given in addition to chlorpro
mazine. This in turn enhances the pharmacodynamic
effect of chlorpromazine on dopamine receptors, as
evidenced by increased prolactin release. It is therefore
likely that the enhancement of therapeutic effect
which can occur when propranolol is added to a
neuroleptic (Yorkston et a!, 1977; LindstrÃ¶m and
Persson, 1980) is due to increased plasma levels of
neuroleptic rather than to a true anti-schizophrenic
effect of propranolol.
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