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INTRODUCTION eifically. Hiebel, Bonvallet and Dell (1954)
The central depressant action of chlor- have shown that chlorpromazine reduces the

promazine, which has led to its extensive use cortical response to alerting stimuli (auditory
in the management of chronically over-active and olfactory), and also to electrical stimula-
psychotic patients (Delay and Deniker 1953 ; tion of the arousal system and the intravenous
Elkes and Elkes 1954), has been investigated injection of small quantities of adrenaline.
experimentally by a number of workers, many They concluded that the drug depressed the
of whom have suggested a possible site of spontaneous activity of the reticular forma-
action for this drug. The induction of light tion and reduced its sensitivity to sensory
sleep in patients receiving chlorpromazine led stimuli. Longo, yon Berger and Bovet (1954),
Terzian (1952) to suggest that the drug working on curarised rabbits and the rabbit
might be acting on the brain stem reticular enc_phale isold preparation, obtained similar
formation, which has been shown by Moruzzi results and came to the same conclusion.
and Magoun (1949), and by Magoun (1952) With the exception of the experiments by
and his co-workers to influence states of Das et al. (1954) on monkeys, all the in-
wakefulness in man and in animals. Das, vestigations cited above were carried out on
Dasgupta and Werner (1954) injected ehlor- acute preparations in which only electrical
promazine intravenously in monkeys and ob- responses could be studied. Das et al. studied
served changes in the behaviour and EEG. changes in electrical activity of the brain
They suggested that the changes which oc- simultaneously with behaviour when admin-
curred could be explained by a depressant isteringchlorpromazine, but these experiments
action on the reticular formation of the brain were, of necessity, in restrained animals, and
stem rather than an interference with sensory in three only were they able to record the
pathways. Other investigators have set out EEG before the drug was given. The im-
to determine the site of action more spe- l)ortanee of studying the effect of drugs in

conscious chronic preparations iu which the
1 Rockefeller Resear,.h Scholar. electrical aetivity of the hrain and behaviour

r lol I
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can be observed simultaneously has been ether anaesthesia, and flw c_rccm_ i.,.ol: by

cmphasised elsewhere (Bradley and Elkes transe('timl of the nfitl-brain at the intereol-
1956). li(,ular level. The latter operation was usually

In this study, we have examined the ef- carried out by aspirati(m of brain tissue with
feets of ehlorpromazine and methopromazim' a fine l)ipette, under direct vision throllgh a
on the behaviour and electrical activity of the hemicrani(mmly. The opposite )wmisphere
brain in unrestrained conscious animals. We was then used for electrical recordings. The
have also used these drugs iu combination femoral vein was eammlated routinely fin" the
with other drugs whose effects are well known, injection of drugs and either tiu, femoral or
and in a limited mmlber of acute prepara- carotid artery fro" tlw recording (>f Mood pres-
lions, sure. This reeor(ling was mad(' either on a

METHODS kynmgraph using a mercury manometer, or
on tile same record as the electrical a(,tivity

Adult cats, of both sexes, and weighing by meansof an electronic manometer.
between 2.5 and 4.0 kg. were used in all The electrodes used for recording the elec-
experiments, trical activity of the brain in the acute pre-
(a) Conscious Chronic Preparations paratio,ls wore ith'ntieal with those implanted

A total of 9 of these preparations has been in the (.hronic 1)reparations. Tlw use of these
used. The electrodes were implanted nnder (lid not involw, exposure of the surface of the
aseptic conditions employing the technique cortex and hence no special precautions as to
which has been described previously (Bradley control of temperature and dehydration were
and Elkes 1953a). Experiments were carried neeessary. All recordings were nmde on Edison
out with the animal in a constaut enviromnent Swan portable four-<,hanncl reeordin_ equip-
chamber in which behaviour could be observed mont.

through a slit in one wall, whilst the electrical (c) Drugs
activity was being recorded. This chamber,
together with the recor(ling apparatus, was The (h'u_s used were. as far as possit)le.
placed inasound-proofed room. At the begin- i)repared freshly for each experiment by
ning of each experiment the auimal was al- dissolving the pure substance in sterile distil-
lowed a period of acclimatization of 1-2 hours led water. [u some eases mamffaeturers' solu-
in the chamber before control recordings of tions were used. The drugs emph)yed were:
electrical activity and an examination of Chlorpromnzine hy,lroehloride, 4560 R.P., Y,leiho-
behaviour were made. Observations of affect, pronmzine acid nl:llente, 4632 R.P. (M'ly & Baker,
Sellsory responses, motor activity all('[ phy- Lt,l._: r-Amphetamine mill)hate (Meldey & James,
siologieal state were entered on a suitably I,td.); d-Lysergic acid diethylamide (LSD 25) (San-

" doz Products. IAd.) : Atropine sulphate, Physostigmine
designed protocol. In this way behaviour ob- ._ulplmte. Ephedrine hydrochloride (British Drug
servations were standardised for different oh- Ilouses, l,td.) : Neo._tigmine methylmdphate (Roche

servers alld eonld be eonlpared fronl Olle Products, Ltd.): l-nor-A,h'enaline bitartrate (Bayer
experiment to another. Pro,lm,ts,l,td.).

In 3 of the chronic preparations a Col-
lison eanmda (Feldberg and Sherwood 1953) RE,qUI,TS

was implantcd in addition h) the eh,etrodes. (a) In the conscious animal
in order that drugs eouhl be injected directly
into the ventricles of the brain. The electrical activity of the brain in the

um'estrained eons,.ious eat has hcen deserihed

(b) Acnle Preparations previously (Bradley 1952: Bradley aml Elkcs
These were the so-ealh,d encfpbale isoh: 1956). This activity in the normal animal.

and eerveau isoh: of Bremer (1935 an(1 1936) correlates closely with the belmvioural statc.
and, in a few experiments, barbitmw anacsthc- lu flu, experiments deserihed here. when the
tised preparations. The e_w:phale isr,h"_was aninmls were h,ft umlisturbcd they heeame
prepared by transeeting tlw Slfi,ml cord at drowsy and in some eases al)l)eared to be
the CI level with a hhmt lem.otmue under full ash'el), ofh,u eurh'd nil in a elmraeteri._lie



EFFECT OF CIII,ORI'ROMAZINE (IN EEG OF CAT 193

way. Ill this state, the electrical activity con- ed, it would usually return to the drowsy
sisted of slow waves, often of large amplitude, state and there was a corresponding change
to,,.,ether with bursts of spindles at 9-12 e/see, in the electrical activity. In some animals
trig. 1 A). Suitable stimuli (auditory or during this transition, bursts of rhythmic 5-8
tactile) caused an arousal or alerting response e/see, waves appeared in the eleetrocortieo-
, Rheinberger and Jasper 1937), in which the gram which have been associated with an inter-
cat lifted its head and opened its eyes, and ill mediate, "quiet" behavioural state (fig. 1 B).

EXP. 23311 I.

B
tI$q¢.I

Fig. 1
Typical records of the eleetrocortieal activity of a normal conscious eat in different
behavioural states.
A. Arousal from the drowsy state through a sensory stimulus (noise) at "8' '.
B. Quiet.

some eases rose to its feet. At the same time, (i) Chlorpromazine
the slow waves in the eleetroeorticogram were This drug was used either alone or in
blocked and only low voltage fast activity at combination with other drugs in a total of
15-30 e/see, remained. This has been called 68 experiments in conscious chronic prepara-
the "alert" type of pattern and the slow tions and in 36 of these experiments it was
waves and spin(lies have been called the the first drug to be given. Consistent ('hanges
"drowsy" l)atterlt. If, after au arousal had in tile behaviour and in the eleetrieal activity
been obtained, the auinml was left undisturb- of the brain were observed with doses of 15 to
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20 mg/kg, by intraperitonealinjectionand stimuli(pinchingthe tailor paws) unless
3.0to4.0mg/kg,intravenously.The animals,suchstimuliwere prolonged.Relaxationof
whichhad beenpreviouslyfriendlyoraffec-thenictitatingmembrane was alwaysobserved,
tionate,becameindifferentbothto theenvi- and in 13 experimentsslightdilationof the
ronmentand totheobserver,and in9 exper- pupilsoccurred.There was littlechangeill
imentswereslightlyaggressivewhen disturb-therateofrespiration.
ed. Followingchlorpromazinesome ataxia The electricalactivityof the cortexre-
was noted.The animalswereunableto rise,fleetedthechangesin behaviourinducedby

EXP. 264/2.

_ B

Fig. 2

Recordsfrom an experimentin a chronicpreparationillwhich chlorpromazinewas given bvthe intraperltoneal route.

A. Control record of the eonseious animal showing arousal from the drowsy state througha sensory stimulus ' ' S ' '.

B. 20 rain. after the injection of 15 mg/kg, ehlorpromazine hydrochloride intraperitoneallv.
An arousal response could no longer be elicited at ' ' S ' '.

and if placed on their feet, they usually made the drug. The record was usually dominated
no attempt to walk or remain standing, but by irregular waves at 5-8 e/see, and with an
sank to the floor immediately. Muscle tone amplitude of 150-250 pV. (fig. 2 B and 3 B).
remained unchanged, however. There was no Iii one preparation this activity was seen to
longer any response to auditory, visual or be more regular and at a slightly higher fre-
tactile stimuli, and little response to painful quency (9-11 c/see.) and in other animals,
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lower voltage activity at 10-15 c/see, aecom- peritoneally in doses of 20-30 mg/kg. The
panied the irregular 5-8 c/see, waves. Slow effects on behaviour closely resembled those
waves at 2-4 c/see., varying considerably in observed with chlorpromazine; the animals
amplitude, were also observed. An arousal became indifferent and ataxie, and showed no
response could no longer be elicited after response to sensory stimuli. The nictitating

ehlorpromazhm had been given (fig. 2 1_), membranes were relaxed, and in one exper-
iand this was consistent with the absence of a iment the pupils dilated. In none of these
behavioural response. In a few experiments experiments was any change in the rate of
the slow activity was slightly reduced in am- respiration observed. IIowever, there were
plitude for 1 or 2 sec. after the arousal stim- minor differences between the effects of the

ulus was given, and in these a slight movement two drugs. Even after the largest doses of
of the head or ears was noted. Alerting of methopromazine (30 mg/kg.) the animals
the electrical activity or behaviour was never were sometimes restless and in two experiments
observed after chlorpromazine had been ad- showed slight aggression when disturbed.
ministered. A further feature observed with methoproma-

The effects of intravenous injections of zinc was that in all the experiments in which
chlorpromazine (fig. 3 B) were almost ideu- this drug was used, retching and vomiting
tical with those observed with the intraperi- were noted during the first half hour after its
toneal route, but the injection of 3.0-4.0 administration; they were not seen with
mg/kg, of the drug appeared to cause a brief ehlorpromazine.
loss of consciousness, lasting for about 1 min. The effects of methopromazine on the elec-
This may have been due to an abrupt fall in trocortical activity were similar to those of
blood pressure. There was also a temporary chlorpromazine. In the above doses metho-
increase in the rate of respiration after intra- promazine caused irregular 4-7 c/see, waves
venous injections, to appear together with smaller amplitude

Recovery from the effects of the drug 11-14 e/see, activity, and in most experiments
was complete in 48-72 hours, and within 24 there were some slow waves at 2-3 c/see, as

well. This pattern differed from that induced
hours the animals were usually feeding nor- by chlorpromazine, in that it was interrupted
mally, for long periods by low voltage, fast activity,

In three preparations chlorpromazine was but this was consistent with the greater rest-
injected into the lateral ventricles of the brain lessness of the animals. In spite of the ap-
through an implanted Collison cannula. In pearance of low voltage fast activity from
these experiments a sterile solution of pure time to time, the irregular activity, when pre-
chlorpromazine hydrochloride in distilled sent, did not respond to arousal stimuli.
water was prepared each time. Following
doses of 0.5 mg/kg, the animals were quieter (iii) Combinations of chlorpromazine with
and showed little interest in the environment, amphetamine and lysergic acid diethyl-
whilst the electrical activity consisted of amide (LSD 25).

rhythmic waves at 12-15 c/see, with some R-amphetamine sulphate (2.0-5.0 mg/kg.
slower components. With a total dose of 1.0 intraperitoneally) and LSD 25 (15-20 _g/kg.,
mg/kg., ataxia was more marked and there intraperitoneally) both prodnce alerting of
was no longer a response to sensory stimuli, electrical activity and behaviour in the normal
The electroeorticogram showed 3-5 c/see, ir- conscious cat (Bradley and Elkes 1953b,
regular waves together with 12 c/see, activity
(fig. 3 C) and an arousal response could no 1956), although their effects differ slightly
longer be elicited. None of these effects was according to the experimental conditions. In
seen with control injections of distilled water, these experiments amphetamine caused the

animals to become restless and in some cases t

(it) Methopromazine excited, whilst the electrical activity was of
In 7 experiments in eonseious chronic pre- the type seen in the fully alert animal, i.e. low

parations methopromazine was injected in:ra- voltage fast activity at 15-30 c/see. (fig. 4B).
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EXP. 211/13.

211/_5. C

._'_,.'_,,,,,,,_-'_'.'._'_'_w'_-,'..,._._,_., ,,_...~,__._,,_,f_,.,_:ff,

]*'ig. 3

Reeord._ from two separate experiments in the ,_mne prelmration , ill olle of which (']l]l_l'pl'Onl;izilw
was given intravenously, and in the other into the h_ter=d cerebral w'utrie|e.

A. ('ontrol record showing an arousal n, slmnse.

B. 16 rain. after the injection of 4.0 mg/kg, ehh_rlmmmzine hydrochloride intr:=vemm_ly.

C. Another experiment with the same prelmrnti(m , 16 rain. after the injection of =_._; u=g/kg.
chlorpromazinc hydroch|oride into the lateral vcntrieh, uf the brain,
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EXP.233/18.

_l tqvc."

C

Fig. 4

Records from an experiment in which r-amphetamine was administered to the conscious cat
and followed by chlorpromazine.
A. Control record siJowing arousal.
B. 15 rain. after the intraperitoneal injection of 6.0 mg/kg, r-amphetamine sulphate.
C. 35 min. after the subsequent injection of 19 mg/kg, ehlorpromazine hydroehloride intra-

peritonenlly.



198 P.B. BRADLEY and A. J. HANCE

On the other hand, LSD 25 caused the animals (v) Combinations of chlorpromazine with phy-
to become more restless and alert, but the sostigmine, neostigmine and atropine.

electrical activity showed occasional bursts of The effects of physostigmine, neostigmine
rhythmic activity at 4-6 c/sec, alternating and atropine on the electrical activity of the
with the fast low voltage activity of the alert brain of the conscious cat have been described
state (fig. 5B). Since these experiments were (Bradley and Elkes 1953c, 1956). Physostig-
conducted in a sound-proofed room, extra- mine in doses of 0.1-0.4 mg/kg. (intraperi-
neous sounds were reduced to a minimum; toneally) produces low voltage, fast activity
the influence of the environment in relation in the electrocorticogram but without alerting
to the effects observed with LSD 25 in the of behaviour (fig. 6B). Atropine, on the other
conscious animal has been discussed elsewhere hand, in doses of 1.5-3.0 mg/kg. (intra-

(Bradley and Elkes 1956). peritoncally) causes the appearance of slow

Chlorpromazine (15 mg/kg, intraperi- waves similar to those seen in the drowsy or
toneally) was given after r-amphetamine in sleeping animal, but in fact does not induce

sleep. The slow waves associated with atro-
4 experiments and after LSD 25 in another 4. pine do not respond to arousal stimuli, al-
In these experiments ehlorpromazine blocked though the latter produce a normal be-
both the behavioural and electrical effects of havioural response. Thus, with these two
amphetamine and LSD 25 and produced its drugs there is a dissociation between the
own characteristic effects on behaviour and electrical activity of the brain and behaviour
electrical activity (fig. 4C and 5C). In one (Wikler 1952; Bradley and Elkes 1956). Ne-
experiment a larger dose of r-amphetamine ostigmine has no effect on electrical activity
(12.5 mg/kg.) was employed and more mark- unless doses large enough to produce peri-
ed peripheral effects observed. These consist- pheral effects are used.

ed of dilation of the pupils, salivation, in- Chlorpromazine in doses of 13-30 mg/kg.
creased respiratory rate, and erection of the (intraperitoneally) has been used in combi-

fur. With the exception of the pupil dilation, nation with physostigmine in 6 experiments.
chlorpromazine suppressed all these effects, In 4 of these, physostigmine was given first
and produced in the electrocorticogram ir- in doses of 0.1-0.4 mg/kg. (intraperitoneally)
regular 5-8 c/sec, activity and slow waves and it was found that even when the largest
which could not be blocked by the usual doses of chlorpromazine (30 mg/kg.) were
arousal stimuli, used, the low voltage fast activity due to phy-

In 7 experiments amphetamine was in. sostigmine persisted, and the electrical pat-
jected after chlorpromazine, but failed to terns characteristic of chlorpromazine failed
modify either the electrical or behavioural to appear (fig. 6C). Occasionally short bursts
effects of the latter drug even though, in three of low voltage activity at 6-7 e/sec, appeared

but these were very easily blocked by sensory
of these experiments, the doses of amphetamine stimuli. The ataxia, indifference to sensory
were increased to 6-12 mg/kg. In another stimuli and relaxation of the nictitating mem-
series of 5 experiments LSD 25 was given brane still appeared and these animals thus

after chlorpromazine and failed to alter be. presented the behavioural picture character-
haviour or the electroeorticogram even when istic of chlorpromazine, whilst the electrical

doses of up to 90 pg/kg, were used. activity was that associated with physostig-
• mille. In the other 2 experiments in this

(iv) Methopromazine and r-amphetamine series, chlorpromazine was administered first
In 2 experiments methopromazine, in doses and followed by physostigmine. It was found

of 25 mg/kg. (intraperitoneally) was followed that whereas the ataxia and indifference re-
by amphetamine. The effects of the latter mained unchanged when physostigmine was
drug on electrical activity and behaviour injected, the slow and irregular 5-8 e/see.
failed to appear even when the dose was in- electrical activity was abolished and replaced
creased to 10 mg/kg. (intraperitoncally). by low voltage fast activity (fig. 7e).
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EXP.233/II.

MIDIA/ THALA_41C Nu.

II tl¢.l

C

Fig. 5

Records from an experiment in which LSD 25 was given to tile conscious nllln|al a.d followed
by chlorpromazine.
A. Controlrecordshowingan arousalresponse.

B. 12 rain.afteran intraperitonealinjectionof 43 _g/kg.LSD 25.
C. 14 rain.afterthe subsequentinjectionof 18 mg/kg, chlorpromazinehydrocl_Iorideintra-

peritoneally.
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Xeostigminc ill doses of 0.1-0.4 mg/kg, dify ill all)" way tile behavioural aJ,d electrical
tintraperitoneally) was used ill combination effects induced by ehlorpromazim,, nor did it
with ehlorpromazine in 3 experiments. In 2 block the effects of the latter. The doses ,,t'
neostigmine was injected first and in tile neostigmine used were large q,uough to pro-.
either it was given after ehlorpromazine, Itt duce peripheral effects, ilWl'ea._tq| l'al0 t)f
iione of th(,s(, experiments did this drug me- respiration, bradyeardia, increased must.l,,

EXP. 30615.

BT

_oi'v.1

" I sec_

C

Figure 6

A. Control record of the normul _'tm_ious eat showing an aroumd resltOnst,.
IL 14 rain. after an intraperitoncal injection of 0.1 mg/kg, idty,ostigmine sulldmh,"
C. 21 rain. nftvr 15mg/kg, chlorpromazim, hydroehloride intralwrihun,ally"
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lone, salivation, voniiling and dt,l'n_,<.iiiion. Atrol>inv was llSO(| in ('olilbilllltiOll with

These effects, with the _,x_,eption of siflivnlion (,hlorlwoniazilw in 12 <,xlmrinl_,nts. The do._l'.,+

which was suppr(,ssed, wt,r_, not blo(,k_,d by <ff atropine w<,r(, I).3-5.7 mg/kg., and those _ff

chlorpromazinc. _,hh)rpromazint, 7.4-32.0 lng/kg. In 7 cxl)t,r-

EXP.211113.

_PV 1

_I sic

+,,
.,_+: 'pc,•
++++.

I_
__0¢ + i+¢_+v.+.,_+..%+.+

C

_f .....

Fig. 7

A. ('ontrol record of the IIOI'IIHLI cons(*iotl._ ('tlt S]lOWillg:Ill arou._:ll rt'sl+OllUt'.

1_. ] 7 nlill, after all intravt,nous injection of 4.0 mg/kg, chlori_ronlIizinc hydroehloridt'.

('. 25 rain. :lflcr iLL) mg/kg, i_hy_ostigmim ' _U'ldmtc had bccn given intr:q,_,ritom.:tll+v.
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EXP. 30614.

A S

,oo,,1 , _
! !

c s_

A. Control record of the normal (.OllS(,iOllS eat shov,'ill_ fill llrl)lls{ll tllgOIl_}l II sensor)"
stin_tt[tts ' ' ,_ ' '.

B. 47 rain. after an intraperitoneal injeeti.n of 0.3 mg/kg', atropine sulphate, showing that a
s(,llsory stiiiiIllll_4 __ __ still l)ro(hlees :111:lrolt._:ll rt,spollst,.

C. 45 rain. after 15 mg/kg, chh)rl)romazine hydroehh)rido intra|beritoneally. The sensory
_4tilllll]llS i t S _ ' ItO]oll_crt']i('it.'4 fill arousnl reSpOllse.
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iments atropine was administered first, in 5 it was given in a dose sufficient to produce
ill doses sufficient to produce slow waves ill mild sedation (7.0 mg/kg.), and in the other
the electrocorticogram which did not block 2 to produce a light state of anaesthesia
with sensory stimuli (1.5-3.0 mg/kg.). When (11.5-18.0 mg/kg.). In the latter state the
chlorpromazine was subsequently injected, it animals were not fully relaxed and still re-
was found that this drug had no effect on the sponded to painful stimuli, whilst the electro-
electrical activity, but still produced its usual corticogram showed spindle activity at
effects on behaviour, i.e. ataxia and indif- 10-12 c/sec, together with some 6-10 c/sec.
ference. In the other 2 experiments in which activity and slow waves (fig. 10B). With the
atropine was given first, it was administered smallest dose there was only 10-12 c/sec.
in smaller doses (0.3-0.6 mg/kg.). These were activity which contained bursts at higher
insufficient to produce continuous slow ac- amplitude. In all 3 experiments sensory
tivity (fig. 8B), but the latter appeared in stimuli or handling caused a brief alerting of
the record after chlorpromazine was given the electrical activity.
(fig. 8C). In 5 experiments in which chlor- In these experiments chlorpromazine was
promazine was injected first (15-20 mg/kg.) subsequently administered in doses of 9.0-
and followed by atropine (0.5-1.2 mg/kg.) 20.0 mg/kg. (intraperitoneally). The effect
the slow activity appeared with smaller doses of this drug was to reduce muscle tone and
of atropine than those required to produce a movement but there was no detectable change
corresponding effect in an animal which had in the electrical activity of the cortex
not been treated with chlorpromazine (fig. (fig. 10C). An arousal response could no
9c). The behavioural effects associated with longer be elicited.
chlorpromazine were however, completely un-
affected by the subsequent administration of (viii) Chlorpromazine and ephedrine.

atropine. As was seen with physostigmine, It was considered that the presence of
the behavioural effects here were those asso- slow waves in the electrocorticogram follow-
ciated with chlorpromazine, but the electrical ing the administration of chlorpromazine
activity of the cortex was that typically seen might be due to cerebral anaemia resulting
with atropine, from a fall in the blood pressure. Therefore,

(vi) Combinations of methopromazine with in 4 experiments, ephedrine in doses between
physostigmine and atropine. 1.0 and 7.0 mg/kg, was given in an attempt
In two experiments methopromazine (30 to maintain or raise the blood pressure level.

mg/kg.) was followed by physostigmine In 2 of these experiments, ephedrine was
(0.2 mg/kg.) and atropine (0.5 mg/kg.), given first in doses of 2.0-3.0 mg/kg, and
respectively. The effects were similar to those its main effects were to cause tachypnoea and
observed when these two drugs were used in pilo-erection. At the same time the electro-
combination with chlorpromazine. Physostig- corticogram showed an increase in the amount
mine changed the electrical activity to low of fast activity present, but this correlated
voltage fast activity and, after the injection with the behavioural state. Chlorpromazine in
of atropine, large amplitude slow waves ap- (loses of 15-20 mg/kg. (intraperitoneally)
peared. In neither case was the behaviour reduced the respiratory rate and abolished
state induced by methopromazine modified in the pilo-erection. It also caused irregular
any way. It was found that the dose of 5-8 c/sec, activity and slow waves to ap-
atropine required to produce continuous slow pear in the electrocorticogram and produced
waves in the electrocortieogram was smaller its usual ataxia and indifference. In the 2
when given after methopromazinc than that experiments in which chlorpromazine was in-

rc_luircd in the normal animal, jectcd first (fig. lIB), ephedrine did not
modify the behavioural affects produced by

(vii) Cblorpromazine and sodium pentobar- this drug and bad only a very slight eff,,_.t
bitonc, on the electrical activity. This consisted of

,qodinm pentobarbitone was used in 3 ex- a sligbt lowering of the amplitude of all fre-
periments with chronic preparations. In one quencies recorded (fig. llC).
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EXP. 2(>4/2.

_o_
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I s¢¢.

C

l.'ig. !_

.*l. (°(llj|rOI r{'l.ord IP/" |]1(' IIo/'llt;I] ('Oli_('icHl_ (';It ,_h(ming :In :ll'q_lls_*l] rt'_PIlll_h,,

l{. ?.5 m_. :lfh, r 15 mg/kg. _'hh_q_rmu_zim, h.vdl'_'hh_rbh, il_t Y:U.,rihm_,:lllv.

I'. 14 mhJ. :ffh'_' lh,, _llb_,qtmll! inh';q.,rlhm_,:d hli_..li.l_ _r I._ ml._/kg. :_tnq,im, sl_ll)h:_h..
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EXP.233/19. A
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Fig. 10

A. ('ontrol re('t)rd s]lowillg .ql| :trOllS;|| resl)OllS(' ill the IlOglll;I] ('OIIs('ious (':It.

]L 4o ntin. :_t'ter nn intraperltoncnl in._cction (,f ] 1.5 mg/kg, sodium l)entobarl,it(me.

('. 51) rain. :lfter a subsequent injection ()f 21 mg/kg. (.hlorl)ronmzine hydroehh,rid, itltr:_
p_,rit(mc:tlly.
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EXP.26SIS.

B
llii{. I

C

Fig. 11

A. Control record of the normal conscious cat showing arousal.
B. 60 rain. after 15 mg/kg, ehlorpromazine hydrochloride intraperitoneally.
C. 25 rain. after an intraperitoneal injection of 2.0 mg/kg, ephedrine hydrochloride.
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(b) In acute preparations, venously it was followed by 0.9 mg/kg, of

1. Barbitone anaesthetised preparations, physostigmine. The spindle activity was abo-
In an early series of experiments, 5 cat lished and large amplitude rhythmic activity

preparations anaesthetised with sodium pen- at 5-7 c/see, appeared. This activity was
tobarbitone (30-40 mg/kg.) were used, but similar to that observed with physostigmine
this type of preparation was later discon- alone in the barbitone anaesthetised prepara-
tinued, as it was found to be unsatisfactory, tions (Bradley and Elkes 1956).

In these experiments blood pressure was re- 2. Encdphale isold preparations.
corded on a kymograph simultaneously with

This preparation, in which the spinal cordthe electrical activity of the brain.
Chlorpromazine, injected intravenously in is transected at the C1 level (Bremer 1936)

doses of less than 2.0 mg/kg, had no effect oil provides a means of studying the effects of a
the electrical activity of the cortex, blood drug on the electrical activity of the brain
pressure or cardiac rate. The immediate and on blood pressure simultaneously. Since
effect of doses greater than 4.0 mg/kg, was it still responds to arousal stimuli and two
to cause a complete flattening of the electrical states, "sleeping" and "waking", can be dis-
record corresponding to a sharp fall in the tinguished both behaviourally and in terms

of electrical activity, this preparation is par-
blood pressure of over 50 per cent. After an ticularly useful in the study of drugs which
interval of 1 or 2 rain. the blood pressure affect states of consciousness.
began to rise again slowly, and eventually
slightly exceeded the previous mean before The effects of intravenous injections of
settling down to a constant level. The elec- chlorpromazine have been studied in eight
trical activity reappeared as the blood pres- enc$phale isold preparations and were of two
sure rose and consisted at first of rhythmic types: (a) those which occurred in the first
6-10 e/see, waves, followed by 5-7 c/sec, few minutes following the injection and were
spindles. The only feature which distinguish- short lived, and (b) those which took longer
ed the record following 4.0 mg/kg, or more of to appear and which persisted throughout the
chlorpromazine from that of the animal under experiment.
pentobarbitone alone, was that the frequency When comparatively small doses of chlor-
of the spindle activity was reduced from promazine (0.2-1.0 mg/kg.)were injected in-
8-10 e/see, to 5-7 c/sec. Cardiac rate was un- travenously, the spindles and slow waves
affected unless doses of chlorpromazine in ex- characteristic of the sleeping state in the
cess of 12 mg/kg, were used; these produced encdphale isolg preparation were either block-
bradycardia. In4cxperiments nor-adrenaline ed or considerably reduced in amplitude
was given as a continuous intravenous infu- (fig. 12B). The onset occurred between
sion, but did not prevent the blood pressure 30 sec. and 3 rain. after the injection and
fall and disappearance of electroeortical ac- the effect lasted for 30-120 see. During this
tivity following the intravenous injection of period the electrical activity consisted mainly
4.0-13.0 mg/kg, of chlorpromazine, of 10-15 c/sec, waves. The injection was

In one experiment chlorpromazine was in- usually accompanied by a slight transient rise
jeered in divided doses into the lateral yen- and fall in blood pressure, but these changes
tricle of the brain using a Collison cannula, were always complete before the blocking of
Although a total dose of 0.6 mg/kg, was in- the slow waves and spindle activity was
jeered, no immediate changes in blood pres- observed. No changes in the bohavioural
sure or electrical activity were observed, state of the preparation were seen. Vsnally

Similarly, no effects were observed when this effect was obtained only with the first
ehlorpromazine in doses of 1.5 and 3.5 mg/kg, injection; it was rarely seen with a second
was injected into the common carotid artery injection, even with small doses and it was
in one of the pentobarbitone anaesthetised never observed when doses greater than 1.0
preparations, mg/kg, were used.

In one experiment in which 13 mg/kg, of Different effects were observed with doses

ehlorpromazine had been injected intra- in excess of 1.5 m,_/kg. It was found that a
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Fig. 1_

Records frol|l _lll acute cxpcrimcllt (r_l_':l_h¢ll_' isolc; ])r('|)_ratioll) ill which ,i _111_111_1_)_(,o1'

_,ll|(_rpr(_mazit_c was givell.

A. Colltro| record wlth thc I)reparatioll "sh'('l)h)g".

]L 30 ._(.c.aft('rI).._mg/kg, chlorl_r.m_,zi0H'hydrochloridc h:id I_,_,ILilu,j_,_,It,_liadr:uv_,na_H_ly.

('.:2mh_. _ft(,r_I.,._;_m_'h_jeetio,of 0.5 mg/kg, ehlorpr_mt;tzhtehy_In_'hh_rid*,.
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preparation which had previously been _,asy In two experiments in which _or-adrem_-

to arouse by auditory or mihl tactile stimuli line was given as a continuous intraw.nous

(applied to the head), could no louger I)e drip, it did not modify the effect of ehlorl)ro-

alerted in this way and proved difficult to mazine although the mean arterial blood l)res-
arouse eveu by haudliug. Slow waves at sure was raised. The slow waves and irregular

1-3 c/see, were increased iu amplitude and activlty _iuduced by the injection of 1.5-4.0

were more contimmus in the record, and mg/kg, of chlorpromazine persisted in spite

irregular 5-8 e/see, activity became more of the high blood pressure, and a further in-

EXP.SSl7.
A

5O0 _ V,I

B

Records from an acute experiment (enc_phale isold preparation).
A. Control record with the preparation,, sleeping ' '.
B. 4 rain. after the intravenous injection of 2.0 mg/kg, chlorpromazinc hvdrochloride.

marked (fig. 13B). These effects persisted ,iection of 4.0-8.0 mg/kg, of ehlorpromazin,,
throughout the experiment. The injection of still caused a fall in pressure a,d flattenhJ,.,

ehlorpromazine in doses of 4.0-8.0 rag/k,,.,, of the eleetroeorticogram.

(intravenously) caused a fall in blood pres- In three experimeuts, ephedri,e was in-

sure and a corresponding flattening (if the .iected intravenously in doses of 2.0-5.0 m_ kg.

eleetroeorticogram, followed by a slow re- folh,wiug ehlorpromazine, but althou,,.,h a ris_.

eovery similar to that seen with the t)arbitom' in blood pressure occurred, the eh.(.tri[.a] a_'-

anaesthetised preparation, tivity remainc(1 unaltered.
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In one experiment in which 8.0 mg/kg. Doses of ehlorpromazine in excess of 5.0
of chlorpromazine had been injected, it was mg/kg, caused a pronounced fall ill blood
followed by r-amphetamine in a dose of pressure and a flattening of the electro-
16 mg/kg. The latter had no effect on the cortical activity similar to that observed when
_lowwaveand spindle activity, although in do_ of this 0rd_rw_rou_0dwith tho _ne_-
the normal encdphale isolg it is effective in phale isold and barbitone anaesthetised pro-
much smaller doses (1.5-3.0 mg/kg.), in this parations. In one experiment, however, this
same preparation and in two others, 0.2 effect was observed with a dose of 0.2 mg/kg.

mg/kg, of physostigmine was subsequently DISCUSSION
injected and blocked both the slow waves
and the spindle activity. The results of the experiments described

above are summarised in table I. The effects
In a further three encgphale isolg pre-

parations, in which a Collison cannula to- produced by chlorpromazine alone in the
gcther with recording electrodes was inserted conscious unrestrained cat seemed to be in-
illto the skull, ehlorpromazine was injected dependant of the route by which the drug was
into the lateral ventricle in doses of 0.25-4.0 given, but there were marked differences in

mg/kg. In two of these experiments no change the doses required. Similar effects were pro-
in electrical activity was observed, but in the duced by 0.5-1.0 mg/kg, intraventricularly,
third the slow waves and spindle activity be- 3.0-4.0 mg/kg, intravenously, 15-20 mg/kg.
came more pronounced. These doses of chlor- intraperitoneally and 20-30 mg/kg, intramus-
promazine were also found to block the blood cularly. These are in agreement with the
pressure rise caused by an intravenous injec- general range of doses used by other workers.
tion of 5-40 _g. of adrenaline. For example, Courvoisier etal. (1953) found

that 10 mg/kg, was necessary to produce
3. Cerceau isold preparations, locomotor difficulty in dogs when given sub-

The effects of ehlorpromazine were ex- cutaneously, and Boyd etal. (1953) used
amined in 8 preparations of this type. In 4 up to 40 mg/kg, orally. The intraperitoneal
the mesencephalic section was at the inter- route, which was found to be the most con-
collicular level, passing rostrally to the sella venient for repeated injections in the con-
turcica, and in the other 4 the section was scious cat, was used in most of our ex-
slightly more caudal. In all except one, in periments, and accounts in some measure
which only a unilateral transection was made, for the large doses employed. In all these
the cortical activity consisted of slow waves experiments full recovery occurred within 48

or spindles and an arousal response could not to 72 hours and, despite repeated injections
be obtained. Chlorpromazine in doses of of ehlorpromazine (and other drugs), the
0.2-2.0 mg/kg, had no effect on the electro- animals remained healthy and no change in
cortical activity of these preparations and their demeanour or behaviour was observed.
only the slight rise and fall in blood pressure The effects which we observed with ehlor-
associated with the injection was observed. In promazine in the conscious unrestrained cat

the preparation in which only a unilateral are in close agreement with the findings of
transection of the mid-brain had been per- Dos, Dasgupta and Werner (1954) in the
formed, the effects following the injection of conscious monkey. In all their experiments
0.5 mg/kg, of ehlorpromazine were similar to cblorpromazine was injected intravenously
those observed with small doses in the enc:- and they found that doses between 0.7 and
phale isol:, namely a transient bloeking of 2.0 mg/kg, were required. We have had an
the slow waves and spindle activity, lasting opportunity to inject ehlorpromazine intra-
for about 60 see. This preparation behaved venously into a number of monkeys and oh-
in nmeh the same way as an ene:phale i._ol: serve their behaviour. We found that in
preparation before ehlorpromazino was in- these animals, doses of 1.5 nlg/kg, or less.
je(.tod, and it responded both behaviourally frequently caused drowsitwss. There would
and electrically t_) arousal stimuli, therefore apl)(,_lr to he _l species difference
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hetween the cat and monkey ill terms of the and Baker 1955). The difference between the
effective intravenous dose of chlorpromazine, effective doses of ehlorpronmzine and me-

lt seems unlikely for a number of reasons thopromazine in our experiments cannot be
lhat, with the exception of the immediate el- accounted for by the difference in the mole-
fects of the intravenous injections, the effect eular weights of the salts ill relation to the

of chlorpromazine in the conscious animal was base (ehlorpromazine being the hydrochloride
due to any depression of blood pressure by and methopromazine the acid maleate). Thus,
the drug. Firstly, in experiments on the in terms of its central depressant effect, me-
anaesthetised dog, Courvoisier et el. (1953) thopromazine would appear to be slightly
found that intravenous injections of 1.0-5.0 weaker than chlorpromazine, as suggested by
mg/kg, had little effect on blood pressure, the difference in the doses required and by
and our own experiments on barbitone all- the qualitative differences in the effects.
aesthetised preparations and on the encdphale In our experiments, ehlorpromazine had
isold confirm this. When large enough doses no effect on the cerveau isol_ preparation pro-
to cause a blood pressure fall were used, the vided the midbrain transection was complete,
latter was usually transient, whereas the and provided the doses used were insufficient
effects of chlorpromazine in the conscious to cause a marked drop in blood pressure. Des,
animal persisted. Secondly, no change in Dasgupta and Werner (1955)have reported
blood pressure was observed by Cathala and that small doses (0.2 mg/kg.) were sufficient
Pocidalo (1952) when they injected 2.0 to block the slow waves and spindles in this
mg/kg, of the drug into the lateral ventricles preparation. However, they do not say whe-
although ataxia was produced. Our own ex- ther there was any eorresponding change in
periments in which chlorpromazine was in- blood pressure. In one of our experiments
jeeted intraventricularly, both in the con- with this preparation we obtained a marked
seious animal and in the encdphale isoIC, blood pressure fall with 0.2 mg/kg, and a
confirm this. Thirdly, the injection of ephe- corresponding blocking of cortical activity.
drine, either before or after chlorpromazine, In another preparation in which the ))lid-
did not block or modify the effects of this brain transection was unilateral, the slow
drug, although ephedrine still produced a rise waves and spindles were temporarily blocked
in blood pressure when injected after ehlor- when chlorpromazine was injected. The effects
promazine in the encdphale isold. These facts obtained by Des, Dasgupta and Werner could
lend support to the suggestion that the effects therefore be due to either a change in the
on behaviour and electrical activity of the blood pressure level or an incomplete tran-
brain observed with ehlorpromazine in the section.
conscious animal are due to a direct action In our experiments, ehlorpromazine had
by the drug on the eentral nervous system, an effect on the intact animal and the encd-
This is further supported by the observation phale isold, but not on the cert, eau isold (table
that intraventrieular injections of chlorpro- I). This suggests that the drug might be
mazine in the encCphale isold blocked the pres- exerting its influence on some structure si-
_r response to adrenaline, tuated between the two planes of section of

Methopromazine produced effects similar the acute preparations, i.e. between the upper
to those which were observed with ehlorpro- spinal cord and the meseneephalon. This eor-
mazine, but the effects both on behaviour and responds to the region in which the brain
on electrical activity were less marked in stem reticular activating system has been lo-
spite of the larger doses used. This compound, eated (Magonn 1952) and is also the region
whieh differs from eblorpromazine only by which, for different reasons, has been sng-
the pre_cnee of a methoxy (-eCHo) group gested as the site of action of ehlorpromazine
in,_tead of a chlorine atom on the pheno- by other workers (Terzian 1952; lIiebel ef el.
thiazine nlwle)ls (Charpentier et al. 1952), is 1954; Longo el al. 1954). Further support
reported to have similar pharmacological for this sugge._tion eome,_ from the results of

properties to ehlorpromazine, although in the cxpcrimevlts in whieh ehlorpromazine was
s_)mc tests it was slightly less effective (May used in combination with other drugs. The
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effects of amphetamine and LSD 25, both ou related to the anti-acetylcholiue prol)erties of
behaviour and electrical activity of the brain, ehlorpromazine which, though weak, have
were completely blocked by chlorpromazine, been measured peripherally (Kopera and Ar-
There is strong evidence to suggest that am- mitage 1954).
phetamine, and possibly LSD 25 as well, pro- It is interesting to note that small quan-

duc¢ their effects by an action on r_,t'01)t0r_ tities o_ ch|orpromaz_ne 'lnjectec] intravenously
situated at the level of the brain stem (Bradley in the encdphale isold preparation appeared
and Elkes 1953b, 1956). The facts that to have a stimulating effect, since the sleep
neither ehlorpromazine nor amphetamine activity of this preparation was temporarily
have any effect on the cerceau isol[ prepara- blocked. This effect was unrelated to changes
tion and that chlorpronmzine blocks the effects in blood pressure and was not observed with
of amphetamine, both in the intact aniuml and larger doses, or with subsequent injections.
in the encdphale isold, support the suggestion It would appear that whilst the main action
that ehlorpromazine exerts its depressant ef- of chlorpromazine may be a central depression.
feet on the arousal system. The recent sug- in small doses it may have some excitatory
gestion (Bonvallet, Dell and Hiebel 1954) effect. The depressant effect may take longer
that this system may contain an adrcnergie to appear, especially when smaller doses are
element might form a possible link between used, and therefore the excitatory effect wouhl
the central depressant action and the anti- be seen only with the first injection and with
adrenaline action of chlorpromazine. The re- small doses.

suits of our experiments with intraventricular The precise mechanism underlying the
injections of this drug in the enc[phale isol_ central depressant action of ehlorpronmzim'
indicate that the antagonism to the adrenaline is still a subject for speculation. It is known
presser response may be a central effect, to have marked anti-adrenaline properties

When chlorpromazine was used in combi- both peripherally (Courvoisier et al. 1953)
nation with atropine and physostigmine, it and centrally (Hiebel et al 1954), and re-
was noticed that these drugs still produced cently it has been shown to antagonise 5-hydro-
their characteristic effects on electrical ac- xytryptamine both in rive and in vitro Ohm-
tivity, but the behavioural effects of chlorl)ro- ditt and Rowley 1956). Both of these sub-
mazine predominated. However, atropine and stances have recently been identified in the
physostigmine produce effects on electrical brain, and in higher concentrations in the
activity in the conscious animal which are hypothalamus and brain stem (Vogt ]954:
unrelated to behaviour and also influence the Amin et al 1954). More recently Wase, Chris-
electrical activity of the cerceau isold (Bra- tensen and Polley (1956) have shown tlmt
dley and Elkes 1953e, 1956). This led us to chlorpromazine labelled with radioactive sul-
suggest that it is unlikely that these drugs phur (S'_n) accumulated in the hypothalamus.
act on the brain stem reticular formation in Tbese observations, together with the results
producing the effects observed and that this of the experiments described here, strongly
system is probably not predominantly elm- support the hypothesis that chlorpromazine
linergic. If chlorpronmzine does act on the depresses tiw arousal system situated at the
reticular formation and these drugs do not. level of the brain stem, and it nmy do so I)y
then it might be expected that they would interfering with a system l)harma_'olo'.'ic'ally
modify electrical activity whilst the bc- related to a centrally acting catechol amim..

havioural effects of chh)rl)ronmzine p,,rsisted. BI)MMARY
There seemed to be some sym,r_ism I)e-

tween the electrical effects _,f atronine and 1. The effects of ehlorpromazine and m,.-
ehlorpromazine since, when the latter drH,,., tlmpromazine on the electrical activity of tlw
was given, the doses of atrol>ine re_tuired were brain and on behaviour haw, been studied
from 5-10 times smaller than those needed for in the (qmscious uurestraim,d eat. Both pr.-

eOmlmrahle effects in the untreated animal, dm.ed ataxia and indifference together will_
This wa_ imlel)endcut of tln,order in which sb_w aml irregular 5-_ (./se_.. waves in Hi,.
the drug_ were _ix'cn. [t may possibly lw eh.c.lr_n.m'tieogram. These cff_.,.ts w,,r,. I,._
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marked with methopromazine. With chlorpro- BoYo, E. _I., CASSELL, W. A. and BOYD, C. E.Prevention of apomorphine-induced vomiting
mazine the e_fects seen were independent of by (dinwthyhmfino-l-n-prol,yl-3)-N-(2"ehloro)-
the route used, but different doses were re- phenothiazine hydrochloride. Fed. Proc., 1953, 1_:

quired. 3_3.
BRADI.E_', P. B. Observations on tile effect of drugs

2. Both drugs blocked the effects on beha- on the electrical activity of the brain. Ph.D.
viour and electrical activity which are nor- thesis, University of Birmingham, 1952.

really observed with amphetamine and LSD BRADLEY,P. B. and ELKES, J. A technique for record-

25. Atropine and physostigmine still produc- ing the electrical activity of the brain in theconscious animal. EEG Clin. Neurophysiol.,
ed their characteristic effects on electrical 1953a, 5: 451-456.

activity but did not modify the behavioural BRADLEY,P. B. and ELKES, .T. The effect of amphet-

state induced by chlorpromazine or metho- amine and d-lysergie acid diethylamide (LSD 25)
on the electrical activity of tile brain of the

Pr°mazine" conscious cat. J. Physiol., 1953b, 120:13-14 P.
3. Chlorpromazine in doses of 1.5-4.0 Bn._DLEY, P. B. and ELKES, J. The effect of atropine,

m_/kg, produced an increase in the slow hyoscyamine, physostigmine and neostigmine on
the electrical activity of the brain of the con-

waves and spindle activity in the cncdphale scious eat. J. Physiol., 1953c, 120:14-15 P.
isol6 preparation and at the same time made BR,X_L_Y, P. B. and ELKES, J. The effect of some
the preparation more difficult to arouse, drugs on the electrical activity of the brain.

Smaller doses produced a transient blocking Brain, 1956, in press.
of this activity with the first injection, but BREMER, F. Cerveau _'isol6" et physiologic du som-

meiI. C. R. Soy. Biol., Paris, 1935, 118: 1235-1241.

larger doses caused a blood pressure fall BREMER,F. Nouvelles recherehes sur le m6canisme du
and flattening of the record. Chlorpromazine sommeil, c. R. Soe. Biol., Paris, 1956, 122: 460-

had no effect on the cerveau isold preparation 464.
other than the effects associated with a fall CATrL_LA, H. P. et POCU),xLo, g. J. Sur les effets

de l'injection dans les ventrieules ¢6r6braux du
ill blood pressure, ehien du chlorohydrate de dim(,thvlamino-l)ropyl-

4. The results are discussed in relation to N-chloro-ph6nothiazine (4560 RP). Action cen-
trale de ce produit. C. I¢. 8oc. Biol., Paris_

the planes of section of the two acute pre- 1952, 146: 1709-1711.

parations and the possible sites of action of CnARPENTIER, P., GAILLIOT, P., JACOB, R., GAUDE-
the other drugs used. It is suggested that cm_x, J. ct B.JlSSO_, P. Recherches sur les dim6-

ehlorpromazine has a depressant action on the thylaminopropyl-N-ph6nothiazi,ms substitu6es. C.
lf. Acad. Sci., Paris, 1952, 235 : 59-60.

brain stem reticular system and that this COCRVOIS_XR,S., YOCRNEL, J., DVCROT, R., KOLSKY,
action may be related to its anti-adrenaline M. et KOF_TSeHET, P. Propri_t(_s pharmacodyna-
properties. It is further suggested that small miques du ehlorohydrate de chloro-3-dim6thyl-

amino-3'-propyl)-10-phdnothiazine (4560 RP) ;
doses have an excitatory action which can _tude exp_rimentale d'un nouveau corps utilisd
only be observed before the depressant action dans l'anesth6sie potentialis6e et dans l'hiberna-
has appeared, lion artificielle. Arch. int. Pharmacodyn., 1953,

92: 305.

We wish to thank Professor J. Elkes for his DAS, N. N., DASGUPTA, S. R. and WEANER, G,
advice and encouragement, M. Longmore and L.F. Changes of behaviour and electro-encephalogram
Williams for technical assistance, Messrs. May and in rhesus monkeys caused by chlorpromazine.

Arch. int. Pharmacodyn., 1954, 99. 451.
Baker for providing Methopromazine and Chlorpro- DAS, N. N., DASOUPTA,S. R. and WER_ER, G. The
mazine, and Messrs. Sandoz Products Ltd. for supplies effects of chlorpromazine on the electrical activ-
ofLSD25, ity of the _'cerveau isol6". Arch. exp. Path.

Pharmak., 1955, 224: 248-252.

REFERENCES DELAY, J. et DENIKI:R, P. Les neuropl6giques en
A._fL_'. A. IL, CRAWrORD, T. B. B. and GADDV._, J. th6rapeutique psyehiatrique. Th_rapie, 1953, 8:

lf. The distribution of substance P and 5-hydro- 347.
xytryl,tamine in the central nervous system of ELKES, J. and ELKES, C. Effect of ehlorpromazinc on
the dog. J. Physiol., 1954, 12,6: 596-618. the behaviour of chronically overactive psychotic

BENDITT, E. P. and ROWLEV, D. A. Antagonism of patients. Brit. med. J., 1954, ii: 560-565.
5-hydroxytryptamine by chlorpromazine. Science, PELDBERG, W. and SHEaWOOD, S. L. A permanent
1956, I23: 24. cannullt for intraventricular injections ill catu.

BONVALLET, ._I., DELL, P. et tIIEB_-L, G. Tonus sym- J. Physiol., 1953, 120:3-5 P.
lmthi(lue et aetivit6 _lectrique corticah,. EEG ][IEIIEI,, Gq BONVALLET, M. et DELL, P. Action de la
(rlin..Vcurophysiol., 1954, 6: 119-144. chlorpromazine (Largactil, 4560 RP) au niveau



EFFECT OF CHLORPROMAZINE ON EEG OF CAT 215

du syst_me nerveux central. $rm. H6p. Paris, RHEINBERGER,M. B. and JASPER, tI. II. Electric:,!
1954, 30: 2346-2353. activity of the cerebral cortex in the unanesthe-

KOPERA,J. and ARMITAGE,A. K. Comparison of some tised eat. Amsr. J. Physiol., 1937, 119: 186-196.
pharmacological properties of chlorpromazine, TI_RZIAN,H. Electroencephalographic study of tile
promethazine and pethidine. Brit. J. Pharmaeol., central action of Largactil (4560 RP). Rass.
1954, 9: 392-401. Neurol. veg._ 1952_ 9: 211.

LONGO, V. G., V0N BZRGER, G. P. and ]_0VET, D. VOQT, M. The concentration of sympathin in dif-
Action of nicotine and of the C_gangliopl_giques ferent parts of the central nervous system umler
eentraux" on the electrical activity of the brain, normal conditions and after the administration of
J. Pharmacol. exp. Therap., 1954, II1: 349-359. drugs. J. Physiol., 1954, 123: 451-481.

MAOOUN, It. W. The ascending reticular activating WAsz, A. W., CHRISTENSEN, J. and POLLEY,E. Tile
system. Res. PubL Ass. herr. meat. Dis., 1952, accumulation of S35-chlorpromazine in brain.
30: 480-492. Arch. Neurol. Psych!at., Chicago, 1956, 75: 54-56.

MAY & BAKER,LTD. Advance information. 1955. WIKLER, A. Pharmacologic dissociation of behaviour
MOEUZZI,G. and MAQOVN,H. W. Brain stem reticular and EEG _'sleep patterns" in dogs: morphine,

formation and aetivatlon of the EEG. EEG N-allylnormorphine, and atropine. Proc. ,_oc.
Clin. NeurophysioL, 1949, _ : 455-473. exp. Biol. _V.Y., 1952, 79 : 261-265.

Reference: BRADLEY, P. B. and HANCE, A. J. The effect of chlorpromazine and methopromazine on the
electrical activity of the brain in the cat. EEGCIin. Neurophysiol., 1{J$7,9: 191-215.


