ANESTHESIOLOGY

The Journal of
THE AMERICAN SOCIETY OF ANESTHESIOLOGISTS, INC.

Volume 16 NOVEMBER, 1955 "~ Number 6

CHLORPROMAZINE: A LABORATORY AND CLINICAL
INVESTIGATION * +

M. Bourgeois-Gavarpin, M.D., W. K. NowiLL, M.D., G. Mareors, M.D,, and
C. R. StepHEN, M.D.

Durham, North Carolina

In 1952, reports concerning the clinical use of chlorpromazine, a pheno-
thiazine derivative, began to appear in the French literature (1, 2).
The descriptions of its use were difficult to evaluate inasmuch as the
drug was one of several employed simultaneously in the ‘‘lytic cock-
tail.”” The pharmacological data of Courvoisier (3) elucidated the
status of the drug to some extent, but again the situation became con-
fused as further clinical reports ascribed a wide range of activity to
this compound. As we began to use the drug¢ clinically, it became
evident that more laboratory work was necessary to assess properly
the variations of clinical activity.

LABORATORY STUDIES
The purposes of our animal studies were as follows:

1. To determine the physiological effects of increasing doses of
chlorpromazine in different animal species.
2. To investigate the effects of prolonged administration of the
drug, incorporating liver and renal function tests along with
gross and microscopic studies of organs.
3. To evaluate the adrenolytic or sympatholytic effects of chlorpro-
mazine.
* From the Division of Anesthesia and the Department of Pathology, Duke University
Hospital and School of Medicine, Durham, North Carolina.

t Read before the annual meeting of the American Society of Anesthesiologists, Ine.,
in Cincinnati, Ohio, October 25, 1955.

t Aceepted for publication February 8, 1955.

§ Chlorpromazine was supplied as Thorazine® by Smith, Kline and French Laboratories,
Philadelphia, Pennsylvania.
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830 Bourcerors-Gavarpin, NowiLL, MARGOLIS AND STEPHEN

4. To show the ‘‘protective’’ effect exerted by this drug on the heart
against drugs which produce abnormalities of conduction.

. To determine the effect of increasing drug dosage on direct stim-
ulation of the intact vagus nerve.

6. To investigate the action of increasing doses of the drug on
ganglionic transmission.

7. To evaluate the protection afforded by the drug against induced
vomiting.

8. To study the influence of chlorpromazine on oxygen consumption

in the dog.

Method of Study. A total of 9 rabbits, 17 dogs and 8 cats were
utilized in the acute experiments. Preparation of the rabbits was
carried out under local anesthesia, while the dogs were given pento-

[

TABLE 1
CHLORPROMAZINE (Mg, PER Kiro I.V.)
Well Tolerated Hypotension | Flectrocardiographic Lethal
Rabbits 2.0 4-12 12-20 45-60
Do(gss) 5.0 30-60 Not observed Not observed
Cait;:z 4.0 10-15 Terminally 21-40

To show species variation in tolerance to chlorpromazine.
N.B. Tolerance from one animal to another also variable.

barbital, 25 mg. per kilogram, intravenously and the cats a similar
dosage intraperitoneally. Subsequent injections of the barbiturate
were not necessary. The femoral artery and vein were cannulated
with large-bore polyethylene catheters and a pneumograph was fixed
on the animal’s chest. An endotracheal tube was placed in the trachea
to avoid upper respiratory obstruction and to allow effective immedi-
ate artificial respiration when required. A six-channel Grass electro-
encephalographic machine recorded measurements. With the help of
Statham pressure transducers and demodulators, it was possible to
record simultaneously the blood pressure, pulse rate, venous pressure,
respiratory rate and pattern and Lead II of the electrocardiogram.
Chlorpromazine Effect on Vital Functions. Progressively increas-
ing doses of chlorpromazine were injected intravenously into 8 rabbits,
6 dogs and 5 cats. Table 1 indicates the range of doses administered.
““Well tolerated’’ doses were those which produced little or no effect on
blood pressure, respirations or pulse rate. These amounts were con-
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CHLOBPROMAZINE 831

ELECTROCARDIOGRAPHIC STUDIES

CONTROL

)

CHlLORPROMAZINE 1.6 MG/KG. LV.

AL

CHLORPROMAZINE 5.0 MG/KG. 1L.V.

DOG 15 KG

CHLORPROMAZINE 8.0 MG/KG. 1LV
Fra. 1 (a).

ELECTROCARD(OGRAPHIC STUDIES

t2)

DOG 15 KG
==

~

CHLORPROMAZINE, 20 MG./KG. LV.
CHLORPROMAZINE, 30 MG./KG. LV.

RN ; VM |
AU
Ty

Fic. 1. (a and b). Dog (15 g.), showing normal cardiac conduction after chlorpromazine,
1.6 to 30 mg. per kg. intravenously.

sidered to be in the ‘‘therapeuntic range.”” Moderate to severe hypo-
tension was noted with higher doses, although the onset of this altera-
tion varied considerably from animal to animal, as well as from species
to species.
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832 Bourceors-GavarpiN, NowiLL, MARGOLIS AND STEPHEN

Electrocardiographic arrhythmias began in rabbits in the dosage
range from 12 to 20 mg. per kilogram. Such changes were not seen
in the dog (fig. 1) and only terminally in the rabbit (fig. 2).

Apparently the dog is more resistant to large doses of this drug
than is the rabbit. Death in these two last named species appeared
to be primarily cardiac in origin. Preterminally the pulse rate be-
came slow, delayed conduction arrhythmias occurred, there was widen-
ing of the QRS interval, and death occurred in asystole (fig. 2).
Similar findings have been noted by other observers (3, 4).

Chronic Toxicity. Ten adult rabbits weighing between 2.5 and 4.5
kg. were maintained on chlorpromazine for periods of three months.

ELECTROCARDIOGRAPHIC STUDIES

CONTROL

P | P ;
CHLORPROMAZINE 75 MG/KG. 1.V,
NORMAL SINUS RHYTHM

li'

Tt ;
CHLORPROMAZINE 300 MG./KG. LV,

NORMAL SINUS RHYTHM
W{I\TE i {\}—\W

CHLORPROMAZINE 60.0 MG./KG. LV.
SINUS RHYTHM WITH ABERRANT CONDUCTION

RABBIT 2.0 K6G.

PREMORTEM RECORD o

Fi1c. 2. Rabbit (2.0 kg.), showing aberrant conduction and premortem asystole after
chlorpromazine, total dose 60 mg. per kg. intravenously.

Five animals received 25 mg. orally every other day, while the other
5 were given a dose of 4 mg. per kg. intramuscularly on alternate days.
One animal died of unknown causes during the experimental period.
Three other animals died as a result of technical errors while the
function tests were being performed. No gross abnormalities of kid-
ney or liver function were noted in this series except for the occurrence
of glycosuria in three animals (3, 5).

The 9 rabbits which survived the period of testing were autopsied.
Gross and microscopic studies were made of the heart, lungs, liver,

20z Iudy 61 uo 3sanb Aq ypd*L0000-0001 L 556 1-Z¥S0000/SSYEL2/628/9/91/4Pd-01o11e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



CHLORPROMAZINE 833

kidney and central nervous system. Apart from occasional evidence
of inflammatory reaction, believed to result from endemic intercurrent
infection, the organs examined were free of gross or microscopic
lesions.

. For a period of eight weeks, 10 rats received chlorpromazine, 1.5
mg. per kg. intramuscularly, three times weekly; 10 rats received
7.0 mg. orally at the same intervals, while 10 other rats served as
controls. Fifty per cent of the animals injected intramuscularly died,
while only 10 per cent of those receiving the drug orally and 20 per cent
of the controls succumbed. All animals which received the drug lost
weight consistently, while in the control group all but 2 gained weight

DOG NO.4 - WT 15KG., TOTAL DOSE CPZ 450 MG.(30 MG/KG)
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F1e. 3. Bhowing the hypotensive effect and sympatholytic action of chlorpromaz'mé
in the dog. Interrupted lines represent ‘‘control’’ blood pressures, continuous lines the
effect of chlorpromazine and vasopressor drugs.

progressively (6). The increased mortality in the rats injected intra-
muscularly is of interest but is not believed to be significant.

The 22 rats which survived the experiment were autopsied. Gross
and microscopic observations were made of the following tissues:
heart, lung, liver, kidneys, adrenals, central nervous system, pancreas,
spleen, striated muscle, esophagus, stomach, salivary gland, trachea,
autonomic ganglia, bone marrow, thyroid and lymph nodes. Except
for occasional areas of inflammatory reaction resulting from endemiec
infections, all the organs examined were free of gross or microscopic
lesions. There was no evidence of old or recent cellular injury to
parenchymatous tissues. The nervous systems were free of degenera-
tive changes, and the hematopoietic tissues were normally active.

Sympatholytic Effect of Chlorpromazine. In 5 dogs and 5 cats
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834 Bourceors-GavarpiN, NowiLL, MARGOLIS AND STEPHEN

an effort was made to determine what effect increasing doses of chlor-
promazine would have on the action of commonly employed vaso-
pressor drugs. Doses of sympathotonic drugs were chosen which
would increase the blood pressure consistently under normal circum-
stances. The following were the drugs and doses injected intrave-
nously:

. Ephedrine, 0.8 mg. per kg.

Desoxyephedrine (Methedrin®), 0.3 mg. per kg.
Methoxamine (Vasoxyl®), 0.3 mg. per. kg.
Neosynephrine®, 0.15 mg. per kg.

Epinephrine, 0.015 mg. per kg.

Levo-arterenol (Levophed®), 2.0 micrograms per kg.

S L 00 PO

It was noted in the controls that all vasopressors except ephedrine
and desoxyephedrine were capable of inciting, not only an increase in
blood pressure, but also numerous electrocardiographic changes (figs.
4, 5). These electrocardiographic disturbances, as well as alterations
in blood pressure and pulse rate, could be blocked or modified by
chlorpromazine intravenously. The results obtained are illustrated in
figures 3, 4, and 5, and may be listed as follows for each species:

In the dog:
1. Ephedrine 1 c .
i omplete vasopressor block with chlorpro-
Desoxyephedrine .
Methoxamine J mazine, 0.25 to 1 mg. per kg.

( a. Electrocardiographic changes blocked with
chlorpromazine, 0.25 to 1 mg. per kg.

. Pressor effects blocked with doses varying
from 8.3 to 33.4 mg. per kg.

2. Neosynephrine iy

[ a. Electrocardiographic arrhythmias pre-
vented by chlorpromazine, 3.0 to 4 mg.
per kg.

b. Vasopressor effects reversed with 5 mg.
per kg. (1 animal).

Vasopressor effects prevented with 20 mg.
per kg. (1 animal).

Vasopressor effects modified but not
blocked in other animals with doses of 33
to 60 mg. per kg.

3. Epinephrine d

a. Electrocardiographic changes prevented
with chlorpromazine, 30 mg. per kg.

b. Vasopressor effects modified but not blocked
with doses of 30 to 60 mg. per kg.

4, Levo-arterenol
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CHLORPROMAZINE 835

In the cat:

1. Ephedrine and Vasopressor effects prevented with chlor-
"~ desoxyephedrine promazine, 1 to 6 mg. per kg.

a. Electrocardiographic changes prevented
with chlorpromazine, 1 to 6 mg. per kg.

. Vasopressor effects blocked with doses
varying from 1 to 16 mg. per kg.

2. Methoxamine iy

a. Electrocardiographic arrhythmias pre-
vented by chlorpromazine, 1 to 6 mg. per

3. Neosynephrine < kg.

b. Vasopressor effect blocked by 11 to 18 mg.
per kg.

a. Electrocardiographic arrhythmias pre-
vented by chlorpromazine, 1 to 6 mg. per
kg.

4. Epinephrine < b. Vasopressor effect blocked by 5 mg. per kg.

(1 animal).

Vasopressor effect modified but not blocked

by doses of 12 to 27 mg. per kg.

a. Electrocardiographic changes prevented by
chlorpromazine, 10 mg. per kg.

. Vasopressor effects modified but not blocked
with doses from 12 to 27 mg. per kg.

5. Levo-arterenol < b

.

These results indicate that, in the dog and cat, the action of the
less potent sympathotonic drugs is prevented completely by relatively
small doses of chlorpromazine, whereas the action of the potent vaso-
pressors is modified but not inhibited completely even by large doses.
Electrocardiographic arrhythmias induced by these vasopressors are
prevented as a rule by small amounts of chlorpromazine. It is con-
ceivable that such drugs as chlorpromazine might be a means of de-
termining pharmacologically the potency of new vasopressor drugs.
Certainly this experiment confirms the adrenergic blocking properties
of chlorpromazine (4, 7, 8, 9).

Effect of Chlorpromazine on Induced Cardiac Arrhythmias. After
preparation described previously, 5 dogs were anesthetized with
nitrous oxide (75 per cent), oxygen (25 per cent), and trichloroethylene.
The gases were allowed to bubble through the trichloroethylene to
obtain an inhaled concentration of approximately 2.5 per cent (10).
After fifteen minutes epinephrine, 0.015 mg. per kg., was injected intra-
venously. When the cardiac arrhythmias had subsided, the animal
was allowed to rest for thirty minutes and then the procedure was re-
peated after various doses of chlorpromazine had been injected intra-
venously.
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836 BourcEors-GavarpiN, NowiLL, MARGOLIS AND STEPHEN

CAT- 2 KG., TOTAL CPZ 32 MG.
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F16. 4. Showing the hypotensive
the cat. Interrupted lines represent ¢

effect and sympatholytic action of chlorpromazine in
‘control’’ blood pressures, continuous lines the effect

of chlorpromazine and vasopressor drugs.

ELECTROCARDIOGRAPHIC STUDIES

W

U ““:IMVIUJ ’JJV o UM

.0 MG. I.V. SINUS BRADYCARDIA WITH
APE AND NODAL PREMATURE BEATS

rzb@/%ht L

G. L.V. BIGEMINAL RHYTHM

ﬂlﬂlxlkxuqﬂ“hu |

EPINEPHRIN 0.2 MG. LV.
VENTRICULAR TACHYCARDIA

Fra. 5 (a).

i

(1)

DOG 15 KG.
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CHLORPROMAZINE 837

ELECTROCARDIOGRAPHIC STUDIES

(LU |

SV R
LEVOPHED 6.0 CC. 1:4000 SOLN.
VENTR[CULAR TACHYCARDIA

DA

CHLORPROMAZINE, 1.6 MG./KG. LV.
NEOSYNEPHRIN, 10 MG. LV NORMAL SINUS RHYTHM

i

MG. LV. NORMAL SINUS RHYTHM

. M’LM i o 1]
LEVOPHED, 6.0 CC. 1:4000 SOLN. OCCASIONAL

SINUS ARREST AND VENTRICULAR ESCAPE
Fra. 5 (b).

(2)

DOG |5 KG.

ELECTROCARDIOGRAPHIC STUDIES
]

CHLORPROMAZINE, 50 MG. KG/IV. LEVOPHED, 60 CC
1:4000 SOLN. LESS PRONOUNCED THAN ABOVE

A

CHLORPROMAZINE, 130 MG/KG. IV. LEVOPHED 6.0 CC.
1:4000 SOLN. LESS PRONOUNCED THAN ABOVE

L/\ wie M/\,JL/
CHLORPROMAZINE, 200 MG./KG. IV. LEVOPHED 60 CC.
1:4000 SOLN. LESS PRONOUNCED THAN ABOVE

(3)

D0G 15 KG

CHLORPROMAZINE, 300 MG/KG. IV, LEVOPHED 60CC
1:4000 SOLN. NORMAL SINUS RHYTHM

Fi16. 5. (a, b, ¢). Showing the protective action of chlorpromazine in the dog against cardiae
arrthythmias instigated by sympathomimetic amines.
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838 Bourgrois-GavarpiN, NowILL, MARGOLIS AND STEPHEN

In this group of experiments 1 dog developed ventricular fibril-
lation and died during the ‘‘control’’ administration of trichloroethyl-
ene. A second animal died in the same manner with the ‘‘control’’
injection of epinephrine. In the other 3 dogs the severe trichloro-
ethylene-epinephrine arrhythmias were prevented or modified by chlor-
promazine in dosages of 2.5, 3.0 and 4.6 mg. per kg. (fig. 6).

In one animal this protective action was found to last for 7 hours
after the last injection of chlorpromazine. These findings again
emphasize the adrenergic blocking properties of the drug (4, 7).

JELECTROCARDIOGRAPHIC STUDIES
!

i

!
CONTROL B8.P 175/133

SARANARAR

TRICHLORETHYLENE OXYGEN B.P I68/I33
NORMAL SINUS RHYTHM
VJ‘ .

,_=

il '
TRICHLORETHYLENE, OXYGEN PLUS EPINEPHRIN,
0.1 MG. LV. B.P 2457168 SINUS ARREST,
TWO VENTRICULAR PREMATURE BEATS

ARG |

CHLORPROMAZINE, 1.3 MG./KG. I.V. &P 1827126
NORMAL SINUS RHYTHM

|

DOG 15 KG

M —nll

TRICHLORETHYLENE OXYGEN, EPINEPHRIN, Q1 MG. L.V.
B.P 154/56 NORMAL SINUS RHYTHM

F1e. 6. Showing protection afforded by chlorpromazine in the dog against
trichlorethylene-epinephrine arrhythmias.

Chlorpromazine and Direct Stimulation of Vagus Nerve. In 3 cats
the vagus nerve was dissected out in the neck and preparation made for
direct electrical stimulation. ‘‘Control’’ stimulation elicited hypo-
tension and bradycardia in the animal (fig. 7). Employing a constant
electrical stimulus, it was found that the hypotensive effect was pre-
vented when doses of chlorpromazine of 18, 6 and 2.5 mg. per kg. had
been administered intravenously. Bradycardia was not prevented
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CHLORPROMAZINE 839

SYMPATHETIC AND PARASYMPATHETIC STIMULATION

CAT 27 KG

| i i
f f i [
CHLORPROMAZINE, 1.0 MG./KG. IV

?

t

e Ewma o
' e ' t [ i
CHLORPROMAZINE, 2.0 MG./KG. LV.

Fia. 7 (a).

SYMPATHETIC AND PARASYMPATHETIC STIMULATION
SYMPATHETIC VAGUS

T
i

|
v

(|1
L1
M y

€ CHLORPROMAZINE, 4.0 MG/KG. IV

6 e

x | I ;

P |

~ : o i

o : . oo

- | N R

<« R
R RN

P | L
CHLORPROMAZINE, 9.0 MG./KG. I.V.

| : i

|

|

! .

! i |
) .

|

i

;:.

I l
CHLORPROMAZINE, 18.0 MG/KG. LV.

Fie. 7. (a, b). Showing (a) response of the nictitating membrane of the cat to pre-
ganglionie electrical stimulation, and (b) the fall in blood pressure and bradyeardia associ-
ated with direct electrical stimulation of the vagus nerve. Note the failure of chlorpromazine
to alter responses until high doses were administered.
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840 BourcEos-Gavarpin, NowiLn, MarGoLIs AND STEPHEN

after maximum doses of 18 and 6 mg. These latter amounts of chlor-
promazine are considerably in excess of the ‘‘therapeutic’’ range.
Similar minimal effects on vagus nerve transmission have been noted
previously (3).

Effect of Chlorpromazine on Ganglionic Transmission. The cervi-
cal sympathetic chain was dissected out in 3 cats and prepared for
direct electrical stimulation. The nictitating membrane of the ani-
mal’s eye was attached to the rubber membrane of a drum by means of
fine black silk. The drum itself was connected by copper tubing to a
Statham transducer, so that variations of pressure within the drum,
caused by movements of the nictitating membrane, could be recorded
on the Grass machine.

““Control”’ stimulation of preganglionic sympathetic fibers elicited,
through transfer across the superior cervical ganglion, a contraction
of the nictitating membrane (fig. 7). Such ganglionic transmission was

TABLE 2
CHLORPROMAZINE AND OXYGEN CONSUMPTION
QO3 Con. O3z Con. Oz Con.
(cc.'s per | First Dose | (cc.'s per Total Dose | (ce.'s per
Dog Weight min.) CPZ min.) Difference CPZ min,) Difference
Before (mgm./kg.) After (mgm./kg.) | After Total
CPZ CPZ CPZ
1 113 65.3 2.5 65.3 0% 10 57.1 —139,
2 16.8 121 3 130 + 8% 13 150 +209%,
3 10 57.1 2.5 42.3 —26% 7.5 34.6 —409%,
4 11.3 90 2.5 69.6 -23% 10 61.5 —429,
5 16.8 190 4.5 175 — 8% 13 1.5 —409,
6 10 115 2 714 —38% 4 73 =-37%
7 8.6 75 2 79 + 5% 7 69 - 8%

The oxygen consumption (in ce. per min.) of seven dogs with increasing doses
of chlorpromazine.

not altered by chlorpromazine in dosages of 4.0 and 2.5 mg. per kg.
When the total amount of chlorpromazine administered reached 9 and
18 mg. per kg., ganglionic transmission was attenuated but still present.
It is apparent from this experiment that moderate dosages of chlor-
promazine have little effect on ganglionic transmission in the sym-
pathetic nervous system. These findings are not in keeping with those
reported by Decourt (11).

Oxygen Consumption and Chlorpromazine. Seven dogs were anes-
thetized with pentobarbital, 25 mg. per kg. intravenously, and then
intubated with a cuffed endotracheal tube in order to prevent leaking
of gas about the tube. After waiting sixty minutes for the initial effect
of the barbiturate to dissipate, each animal was connected to the
Benedict-Roth spirometer and the oxygen consumption measured inter-
mittently for fifteen minute periods. When the oxygen consumption
had stabilized, as indicated by three similar successive determinations,
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CHLORPROMAZINE 841

chlorpromazine was injected intravenously in progressively increasing
amounts. After each chlorpromazine administration, oxygen con-
sumption was measured for at least three 15 minute periods. The
findings are shown in table 2.

Observations during this experiment indicated that, following chlor-
promazine injection, the respiratory rate of the animals slowed to
some extent, with a variable increase in tidal volume. In 3 animals
the change in oxygen consumption, following even large doses of
chlorpromazine, was equivocal, whereas in the other 4 dogs there was
a definite tendency for the oxygen consumption to decrease with
chlorpromazine administration. These results are not sufficiently
numerous or unidirectional to be of over-all significance. It is noted
that, in man, there is evidence to suggest that chlorpromazine in
‘‘therapeutic’’ amounts does not interfere with oxygen consumption
(12).

Anti-Emetic Action of Chlorpromazine. Experimental vomiting
was produced in 12 dogs, ranging in weight from 10 to 15 kg., by the

TABLE 3
ExpERIMENTAL VoMITING IN D0GS PRODUCED BY APOMORPHINE, 1.0 Mg. PER Ka.

Chlorpromazine

Controls (1.0 mg. per kg.)
Dogs 12 12
Total times vomiting 71 24
Reduction in vomiting 66.2%,

Effect of chlorpromazine, 1 mg. per kilogram, on vomiting induced by apomorphine 1.0 mg.
(subcutaneously injected) in dogs.

subcutaneous injection of apomorphine, 1 mg. Notations were made
of the total number of times these animals vomited. Three days
later the experiment was repeated on the same animals under similar
conditions, this time the animals being given chlorpromazine, 1 mg.
per kg., intramuscularly, prior to the apomorphine. To control the
test further, apomorphine alone was repeated in another three days.
The results, including an average of the two controls, are shown in
table 3. When the dogs were protected by chlorpromazine, they
vomited 66.2 per cent fewer times than in the control periods. This
reduction is of statistical significance (p >0.05) (13) and is in keeping
with other observations (14).

CLiNIcAL INVESTIGATIONS

The effects of chlorpromazine, given either intramuscularly or
intravenously in dosages varying between 25 and 50 mg., have been
studied in 185 patients (table 4). The drug was given in the pre-
anesthetic period or during the course of operation. Intramuscular
injection of the drug, in a concentration of 25 mg. per ce., caused in
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most patients a painful, burning sensation which lasted from three to
five minutes. No residual painful areas were reported. Intravenous
administration was at the rate of 5 mg. per minute over a period of
five minutes. A few patients complained of pain over the cannulated
vein during the injection. No residual effects were noted.

Observations made in these 185 cases were as follows:

Effect on Semsoriwm. In 65 cases chlorpromazine was admin-
istered in association with local, regional, or spinal analgesia. All of
these patients had previously received a narcotic, usually meperidine.
In the majority of patients, chlorpromazine appeared to relieve ten-
sion, cause relaxation, and to ‘‘disconnect’’ the patient from the rela-
tive importance he had previously attached to the situation. Some
patients would sleep through the entire procedure whereas others
would open their eyes occasionally and appear oriented as to time and
place. Deep unconsciousness was not observed. The action of chlor-
promazine appeared to be less productive of stupor than did intra-
venous pentobarbital or meperidine. Considerable variation in de-

TABLE 4
CHLORPROMAZINE—CLINICAL EvaLuATION

. N .
Patients CPz Vasopressors e

57 25 (I.M.) 6 (10%) 9 (15%)

64 35 (I.M.) 8 (12%) 10 (15%)

34 50 (I.M.) 3 (9%) 1 3%)

30 25 (I.V.) 2 (6%) 4 (13%)

Summary of hypotensive and sympatholytic complication in 185 patients
administered chlorpromazine.

gree of response to the drug existed. The exact effect on any one
patient was not predictable.

Effect on Vital Functions. The administration of chlorpromazine
in the doses mentioned had no noticeable effect on respiratory rate
or volume. Likewise the pulse rate showed no marked fluctuations in
either direction which could be attributed to the drug. In 24, or 13
per cent of the patients, a decrease in blood pressure of 40 mm. of
mercury systolic or more occurred within fifteen minutes of the time
chlorpromazine was administered. Several of these patients remained
relatively hypotensive for as long as six hours after injection of the
drug. None showed clinical evidence of the shock syndrome. The
extremities were warm and dry and the pulse rate remained within
normal limits.

Response to Injection of Sympathomimetic Drugs. In 20, or 10.8
per cent, of the patients studied the injection of vasopressor drugs,
when hypotension was present following chlorpromazine administra-
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tion, failed to re-establish normotensive levels. The drugs whose
action appeared to be blocked included desoxyephedrine, methoxamine
and epinephrine.

The patient whose anesthetic record is shown in figure 8 under-
went excision of a hemangioma of the leg under general anesthesia.
The normal, expected effect of desoxyephedrine is shown at point (1).
At (2), the administration of chlorpromazine, 25 mg. intravenously,
reduced the blood pressure to near its previous level. At (7) injection
of desoxyephedrine produced no elevation in blood pressure. How-
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F1e. 8. Anesthetic record of a 55 year old patient under general anesthesia. Note at
(1) the effect of desoxyephedrine; at (2) intravenous injection of chlorpromazine; at (7)
desoxyephedrine not effeetive in raising blood pressure following chlorpromazine, and at (10)
good reaction of patient to neosynephrine.

ever, thirty minutes later, at (10), neosynephrine, 10 mg., produced the
anticipated elevation in pressure as well as bradyeardia. Apparently
the dose of chlorpromazine was not sufficient to block the action of this
more potent vasopressor. A similar blocking or modifying action at-
tributed to chlorpromazine has been shown recently in humans towards
epinephrine and levo-arterenol (8).

Potentiation of Anesthetic Drugs. General anesthesia was given
to 120 of the patients studied. In a certain number of these, the
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distinet clinical impression was formed that the injection of chlorpro-
mazine reduced the amounts of anesthetic drugs which were required.
For example, the patient in figure 8 required Pentothal® sodium, 750
mg., during the first thirty minutes of the procedure. At this point
chlorpromazine was given and, for the remaining two hours of surgery,
no more Pentothal was indicated. Maintenance for this period of
time on nitrous oxide or ethylene alone is not the usual course of
events in this hospital. More objective evidence of the potentiating
action of chlorpromazine has been published recently (15).

Contrary to the above impressions, there were a number of patients
in whom it was believed that chlorpromazine did not contribute in any
demonstrable manner to the state of anesthesia. This belief perhaps
again emphasizes the unpredictable effect of the drug on any one
patient.

Anti-Emetic Action. In this more or less acute study, the effects
of chlorpromazine on the incidence of postoperative vomiting were not
followed. This property of the drug has been described previously
(16, 17). However, 6 patients who became nauseated and retched
during spinal analgesia were comfortable within five minutes after the
administration of chlorpromazine intravenously. These patients be-
came drowsy and relaxed. One other patient became nauseated after
the injection of chlorpromazine.

Effect on Reflex Activity. In the patients to whom chlorpromazine
was administered prior to general anesthesia, clinical impression leaves
one with the belief that reflex respiratory reactions, such as coughing,
breath-holding and laryngospasm, particularly during the induction
phase, were reduced in intensity. This is exemplified in nitrous oxide,
oxygen, ether inductions. Even neophyte anesthesiologists can, with
the aid of chlorpromazine, accomplish such inductions without the
patient missing a breath!

Adjunct to Induced Hypotension. In the rather specialized field
of neurosurgery and induced hypotension it has been found difficult
in a certain few patients to produce the degree of hypotension re-
quired by ganglionic blocking drugs alone. However, the subsequent
administration of chlorpromazine, 25 mg. intravenously, produced a
stable satisfactory hypotension. In 5 such cases chlorpromazine has
been useful in this way, and in one Regitin, an adrenolytic compound,
has been of value.

It is suggested that induced hypotension may be inadequate in some
instances because of some adrenalin-like substance acting directly on
the arterioles. The constricting action of such a compound may be
overcome by such drugs as chlorpromazine.

Discussion

Several factors of interest emerge from this laboratory and clinical
study : First is the apparent unpredictability of ‘‘therapeutic’’ doses of
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chlorpromazine, both in the animal and the human. Since one of the
principal actions of this drug appears to be on the sympathetic nervous
system, perhaps this variation in action is due less to the properties
of the drug than to the degree of sympathetic tone which may exist in
the patient at the time of administration.

It is evident that chlorpromazine is capable of producing a hypo-
tension, the degree of which is to some extent dependent on the amount
administered. It is also clear that this drug will prevent or modify
both the cardiac and peripheral actions of even the most potent
sympathomimetic amines. In all probability the effect on vascular
dynamics is due principally to the peripheral arteriolar vasodilating
action of the drug, although a recent report suggests the possibility
of a central action also (8). This vasodilating action competes suc-
cessfully with the vasoconstricting potentialities of several of the less
potent vasopressor drugs. It is interesting that chlorpromazine has
least effect on the action of levo-arterenol, which is believed to be the
physiological hormone of sympathetic transmission.

The protective action of chlorpromazine against the cardiac ar-
rhythmias induced by the sympathomimetic amines is difficult to ex-
plain. It may be that the arrhythmias are secondary to the hyper-
tension associated normally with the injection of a vasopressor; or
the chlorpromazine may depress directly the irritability of myocardial
tissues.

Recognition of the fact that chlorpromazine not only can produce
hypotension, but will oppose its restitution to normal by modifying
the action of vasopressor drugs, leads to a word of caution regarding
its indiseriminate use. This drug should be administered parenterally
only under close medical supervision and to those patients in whom
a marked fall in blood pressure would not be a critical omen. If an
emergency should arise, levo-arterenol or neosynephrine would prove
of most benefit in restoring blood pressure.

The protective action accorded the heart by chlorpromazine during
exposure to hydrocarbon-epinephrine combinations is of some impor-
tance clinically. Since cyclopropane, trichloroethylene and chloroform
produce some of their conduction disturbances as a result of increasing
vagal tone, it is unlikely that chlorpromazine, having little effect on
vagal transmission, would interrupt this sequence of events. How-
ever, these hydrocarbons, particularly in the presence of epinephrine,
increase myocardial irritability to the point at times of interrupting
cardiac function completely. Apparently by nullifying the expected
epinephrine effect, chlorpromazine can prevent or modify these danger-
ous arrhythmias. The clinical possibilities of chlorpromazine in this
regard are obvious.

The work reported herein does not indicate the specific sites of
action of chlorpromazine. From its effect on the sensorium, one can
certainly affirm a central site of action which is probably not pri-
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marily cortical. The investigations of the autonomic nervous system
show a blocking of sympathetic impulses with small doses of chlor-
promazine, but no blocking of parasympathetic impulses until high
doses are used. The site where sympathetic impulses are blocked has
been shown to be not at the ganglionic junction. The exact place of
action, at present unknown, is most likely to be peripheral but it may be
in part central (8).
SUMMARY

Chlorpromazine was studied in the laboratory and clinically.

1. Progressively increasing doses of chlorpromazine were given
to dogs, rabbits and cats, in order to determine what were ‘‘well-
tolerated’’ amounts and when the ‘“toxic’’ or physiologically abnormal
range was entered.

2. Ten rabbits and 30 rats were given chlorpromazine regularly for
3 months to determine the chronic toxicity of the drug. The animals
were autopsied after the performance of liver and kidney function
tests and gross and microscopic studies were made of the tissues.

3. In 5 dogs and 5 cats the action of chlorpromazine was determined
when the animals received sympathomimetic amines. Various de-
grees of sympatholytic effects were noted.

4. The protective action of chlorpromazine against trichloroethyl-
ene-epinephrine arrhythmias was demonstrated in 5 dogs.

5. Only after relatively large doses of chlorpromazine was the
cardiac effect of direct vagal nerve stimulation attenuated.

6. In 3 cats it was shown that relatively large doses of chlorpro-
mazine had little effect on ganglionic transmission in the sympathetic
nervous system.

7. Oxygen consumption in 7 dogs receiving chlorpromazine showed
an overall tendency to decrease, but this change was not considered
sufficiently constant to be significant.

8. Experimental vomiting produced by apomorphine in 12 dogs
was reduced 66.2 per cent by the prior administration of chlorpro-
mazine.

9. In the human, chlorpromazine, intravenously or intramuscularly,
appeared to relieve tension, cause relaxation and to ‘‘disconnect”
the patient.

10. In 13 per cent of the patients studied, the fall in blood pressure
was more than 40 mm. of mercury systolic within 15 minutes of chlor-
promazine administration.

11. Of the 185 patients studied, 20 failed to respond as expected
to the administration of vasopressor drugs after the injection of
chlorpromazine.

12. Clinical impression suggests that in some cases chlorpromazine
may potentiate the action of anesthetic drugs.

13. The anti-emetic action of chlorpromazine was confirmed in a

few cases.

20z Iudy 61 uo 3sanb Aq ypd*L0000-0001 L 556 1-Z¥S0000/SSYEL2/628/9/91/4Pd-01o11e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Nov., 1955 CHLORPROMAZINE 847

14. The possibility of chlorpromazine reducing reflex activity, es-
pecially during induction, was noted.
15. The use of chlorpromazine as an adjunct to ganglionic blocking

drugs was suggested.
16. The unpredictability of action of clinical doses of chlorpro-

mazine was emphasized.
ACKNOWLEDGMENT

The laboratory assistamce of Mrs. Helen Parks and Mr. Joe Matthews is gratefully
acknowledged.

REFERENCES

1. Laborit, H., and Huguenard, P.: Technique actuelle de !’hibernation artificielle, Presse
Med. 60: 1455 (Oct.) 1952.

2. Huguenard, P.: Technique et Resultats de 1’hibernation artificielle: Sa Place Dans la
Pratique Courante, Anesthesie, Analgesie (Paris) 10: 16 (Feb.) 1953.

3. Courvoisier, 8.; Fournel, J.; Duerat, R.; Kilsky, M., and Koetsehet, P.: Pharmacodynamic
Properties of Chlorpromazine, Arch. Int. Pharmacodyn. et de Therap. 92: 305 (Jan.)
1953.

4. Finkelstein, M.; Spencer, W. A.; Hammen, C. 8., and Albert, 8. N.: Effect of Chlorpro-
mazine on Heart Muscle, and Its Influence on Inotropic Action of Three Bym-
pathomimetic Amines, Fed. Proc. 13: 354 (March) 1954.

5. Moyer, J. H.; Kent, B.; Knight, R.; Morris, G.; Huggins, R., and Handley, C. A.:
Laboratory and Clinical Observations on Chlorpromazine: Hemodynamic and Toxi-
cological Studies, Am. J. Med. Sci. 227: 283 (March) 1954.

6. Burn, J. H.: Pharmacology of Chlorpromazine and Promethazine, Proc. Roy. Soc. Med. 47:
617 (Aug.) 1954.

7. Melville, K. I.: Observations on Adremergic-blocking and Anti-fibrillatory Action of
Chlorpromazine, Fed. Proc. 13: 386 (March) 1954.

8. Foster, C. A.; O’Mullane, E. J.; Gaskell, P,, and Churehill-Davidson, H. C.: Chlorpro-
mazine: A Study of Its Action in Man, Lancet 2: 614 (Sept.) 1954.

9. Decourt, P.: Chlorpromazine, Mechanism of Therapeutic Action, J. Pharm. Pharmacol. 6:
491 (July) 1954.

10. Hall, K. D.; Garlington, N. L.; Nowill, W. K., and Stephen, C. R.: Analysis of Small
Concentrations of Trichlorethylene Vapor by Interferometry, Anesthesiology 14: 38
(Jan.) 1953.

11. Decourt, P. L.; Brunaud, M., and Brunaud, 8.: C. R. Soc. Bijol. (Paris) 147: 1602, 1953.

12. Dobkin, A. B.; Gilbert, R. G. B., and Lamoureux, L.: Physiological Effects of Chlor-
promazine, Anaesthesia 9: 157 (July) 1954.

13. Peckham, R. H.: Determination of Statistically Minimum Number of Cases, Am. J. Med.
Sciences 224: 131 (Aug.) 1952.

14. Glaviano, V. V., and Wang, 8. C.: Dual Mechanism of Anti-emetic Action of Chlor-
promazine, Fed. Proc. 13: 358 (March) 1954,

15. Reckless, D.: Potentiation, Anaesthesia 9: 288 (Oect.) 1954.

16. Morris, G.; Matthews, W., and Moyer, J.: Clinieal Experience with Chlorpromazine in
Spinal Anesthesia, Anesthesia-Analgesia 33: 340 (Sept.-Oct.) 1954.

17. Albert, 8. N., and Coakley, C. 8.: Use of Chlorpromazine to Control Post-anesthetic
Vomiting, Anesthesia-Analgesia 38: 285 (July-Aug.) 1954

20z Iudy 61 uo 3sanb Aq ypd*L0000-0001 L 556 1-Z¥S0000/SSYEL2/628/9/91/4Pd-01o11e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



