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INTRODUCTION

Studies on the effects of drugs on the elec-
trical activity of the brain and on behaviour
in the conscious, unrestrained animal have
shown that the drugs studied fell into two dis-
tinct groups, according to whether or not the
effects which they produced on the EEG cor-
related with the observed changes in beha-
viour. Thus, certain parasympathomimetic
and parasympatholytic drugs (physostigmine,
atropine and l-hyoscyamine) produced pat-
terns of electrical activity 'which did not cor-
relate with the behavioural state of thc animal
(Bradley and Elkes 1953a, 1957). Sympatho-
mimetic drugs and others such as cl-lyserg-ic
acid diethylamide, on the other hand produced
parallel effects on the EEG and on behaviour
(Bradley and Elkes 1953b, 1957). The dif-
ferences between these two groups of drugs
were further emphasized by the level of the
lesion in the central nervous system which
blocked their effects in acute experiments.
For example, physostigmine, atropine and
l-hyoscyamine still produced effects on elec-
trical activity irr-espective of whether the
lesion was made at a spinal or mesencephalic
level, but the effects of amphetamine were
abolished by a transection at the intercolli-
cular level, and those of cZ-lysergic acid die-
thylamide (LSD 25) by high spinal section.
These observations led to the suggestion (Bra-
dley and Elkes 1953b, 1957) that amphetamine
might act on receptors situated at the level
of the brain stem reticular formation, and that
LSD 25 may also have an action at this level,
though not necessarily on the same receptors.
It has also been suggested (Bradley and Elkes
1956,1957) that it is unlikely that the arousal
system at the brain stem level is activated by
a predominantly cholinergic mechanism.

Recent experimental studies with chlorpro-
mazine (Longo, Berger and Bovet 1954; Bra-
(Hey and Hance 1955, 1957) have provided
evidence which indicates that this drug may
exert its central depressant action at the level
of the brain stem reticular formation.

Moruzzi and Magoun (1949) in their ori-
ginal studies on the activation of the electro-
corticogram by electrical stimulation of the
brain stem, obtained consistently low thresh-
olds for points 'within the reticular formation.
If, as has been suggested, certain drugs act
at this level, then they might be expected to
modify these thresholds, whilst those drugs
which are thought to act more diffusely in the
central nervous system might be expected to
have little effect on thresholds for stimulation
of the reticular formation.

This study represents an attempt to de-
termine quantitatively the effects of different
concentrations of drugs on arousal responses
produced both by direct stimulation of the
reticular formation of the brain stem, and also
by afferent stimulation. Some of the results
which follow were presented at the 20th In-
ternational Physiological Congress, Brussels,
1956 (Bradley and Key 1956).

METHODS

Experiments were carried out on 35 cats,
all of which were encephale isole preparations.
The animals were prepared under ether
anaesthesia administered through an intra-
tracheal cannula, and, after careful dissection
of the muscles at the back of the head and
neck, the spinal cord was sectioned at the C1

level. Respiration was then maintained arti-
ficially by means of a pump. Cortical record-
ing electrodes of the same type as those de-
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scribed previously (Bradley and Elkes1953c)
were inserted through bur holes drilled in the
skull over both cerebral hemispheres, together
with an earthing electrode in the midline, oyer
the frontal sinus. The number of cortical
electrodes used varied in different exper-
iments, but it was usually between 12 and 16.
The stimulating electrode consisted of a bipo-
lar, stainless steel, concentric needle, insulated
with varnish except at the tip. It was made
by inserting a varnished .021" diameter stain-
less steel needle through the bore of a No. 20,
three inch long serum needle, the end of which
had been cut off and ground square. The
inner needle was sealed into place with "Aral-
dite" cement (Ciba ) and the whole assembly
varnished. The tips of both inner and onter
conductors were carefully bared so that the
distance between the stimulating points was
approximately 1 mm.. Care was also taken to
ensure that the tips were smooth and that
"shoulders" were avoided as far as possible.
The electrode was oriented in the brain stem
by means of a Horsley-Clarke stereotactic
instrument and co-ordinates obtained from a
previously prepared atlas of the cat brain. The
hole in the skull through which the electrode
was inserted was made as small as possible
(about 3 mm. in diameter), to avoid undue
exposure of the surface of the cortex, and the
electrode was passed through a small slit in
the dura mater. ,Yhcn the correct position for
the electrode had been reached, the skull de-
fect was packed first with gelatine sponge and
then with small pledgets of cotton wool. Dental
wax, which had been softened by warming,
was moulded into a ping around the electrode
and when the wax had set hard, the electrode
was released from the carrier of the stereo-
tactic instrument. The animal's head could
then be removed from the instrument with the
stimulating electrode still in place. In some
experiments two stimulating electrodes were
used, one being placed at the level of the
mesencephalon (the normal position) and the
second approximately 18 mm. more posterior,
with its tip in the medulla.

The femoral vein, which was used for the
injection of the drugs, was cannulated rou-
tinely, and in many experiments the femoral
artery was used for the recording of blood

pressure level, simultaneously with the elec-
trical activity of the brain.

When all the operative procedures had
been completed, the wound edges were in-
filtrated with a local anaesthetic (procaine)
and the administration of ether stopped. The
head of the animal was placed on a soft pad
or cushion and the laboratory kept as quiet as
possible. At least one hour was allowed to
elapse following the removal of the anaesthetic,
before the experiment was started. With these
precautions (removing the animal from the
stereotactic instrument, placing its head on a
cushion, local infiltration of anaesthetic and
reduction of extraneous noise to a minimum),
sleep activity was observed in 28 of the 35
preparations. There appeared to be no rela-
tion between the blood pressure level and the
presence of sleep activity in these prepara-
tions.

The electrocor-ticogram was recorded on a
4-channel Edison Swan portable recorder and
stimuli were delivered from a remotely con-
trolled electronic stimulator. The stimuli con-
sisted of O.l111sec.square waves at a frequency
of 300 c/sec. and the period of stimulation
(10 seconds) was determined by an automatic
timer once the stimulus had been switched on.

Determination of the arousal threshold.
This threshold was determined by gradually
increasing the appliec1 voltage in steps, start-
ing at 0.1 V. and stimulating for one 10 sec.
period at each step. The stimulation periods
were spaced as widely as possible to avoid any
possibility of accommodation to the stimulus.
Exactly the same sequence was followed
each time the threshold was checked and in
all cases the threshold for behavioural and
EEG arousal were determined independantly.
The operator watched the animal's face as the
stimulus was applied by remote control, whilst
another operator set the level of the stimulator.
The EEG record was taken continuously
whilst this was being done and the stimulus
indicated on the record by a marker pen. The
sizns of behavioural arousal varied in dif-
fe~'ent preparations, but the criteria chosen
were: the opening of the eyes and contraction
of the nictitating membrane immediately the
stimulus was applied, followed in most cases
by movements of the ears, jaws and vibrissae.
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These effects usually persisted beyond the
period of stimulation and were therefore not
considered to be due to motor effects caused
by a spread of the stimulus. lVIotoreffects "were
sometimes observed when high stimulating
voltages were used and these could be clearly
distinguished from the behavioural signs of
arousal. When the threshold for behavioural
arousal had been established, the EEG record
was examined to see if at any point an activa-
tion of the electrocorticogram had occurred. If
not, the stimulation sequence was continued
until a voltage level was reached where an
EEG arousal was obtained which lasted for
the full 10 seconds of stimulation. This voltage
was taken to be the EEG threshold. In the
few preparations which "were" awake" and in
"which no sleep activity could be recorded, the
control thresholds for both behavioural and
EEG arousal were taken to be zero.

The drugs studied were; pentobarbitone,
chlorpromazine, atropine, hyoscine, physostig-
mine, dl-amphetamine and d-lysergic acid die-
thylamide (LSD 25). They were injected in-
travenously in incremental doses and the
arousal thresholds checked twice after each
injection, usually at 10 and 20 minute inter-
vals. In the case of physostigmine, these inter-
vals were 5 and 10 minutes.

In some experiments the threshold for
arousal produced by afferent stimulation was
also determined. This was done with an au-
ditory stimulus consisting of a continuous
note, obtained from a loudspeaker placed at a
fixed distance from the head of the cat. The
voltage applied to the loudspeaker was gra-
dually increased until an arousal was obtained
when the stimulus was switched on. This
voltage was taken as a measure of the
threshold. In these experiments, the threshold
for click responses, recorded from electrodes
placed over the auditory cortex, was deter-
mined in the same way.

A.t the end of each experiment the animal
was killed, the brain fixed in formal saline
with the stimulating electrode in situ, and the
position of the tip subsequently determined
by histological examination. Some of the
stimulation points used in these experiments
are shown in figure 1.
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Fig. 1

Sections of cat brain in Horsley-Clarke plane showing
some stimulation points in these experiments. Black
t riom.qles : points at which the control threshold was
between 0.40 and 1.20 V. White trianoles : points at
"which the control thresholcl was between 1.20 and
1.50 V.



100 P. B. BRADLEY and B. J. KEY
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Fig. 2

Effect of pentobarbitone on EEG arousal produced by stimulation of the reticular formation.
A: control record with the preparation "alert", B: after 3.5 mg/kg. of pentobarbitone
(intravenously), stimulation 0:1' 4.0 V.; C: after 8.5 mg/kg., stimulation at 10 V.; D: after
18.5mgZkg., stimulation at 10 V. ineffective.
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EXp. 56/30.
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Fig. 3
Effect of chlorpromazine on EEG arousal produced by stimulation of the reticular formation.
A: control record, stimulation at 0.5 V.; B: after 1.88 mg /kg., stimulation at 0.5 V.; C:
after 3.88 mg/kg., stimulation at 0.5 V. is no longer effective; D: after the same dose (3.88
mg/kg.), stimulation at 0.8 V.
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RESULTS

1. The arousai threshold in the normal ence-
phale isole preparation.
In 7 preparations no sleep activity was

observed and they appeared to be permanently
"awake". In the other 28 it was possible to
establish control thresholds and this was done
at least twice before any drugs were given. In
24 experiments the control thresholds for both
behavioural and EEG arousal were between
0.4 and 1.5 V. In the other 4 experiments the
thresholds were between 2.0 and 4.0 V. and
in these, it was found on subsequent histo-
logical examination of the brain, that the tip
of the stimulating electrode was not in the
reticular formation, as far as the limits of the
latter could be determined. The results ob-
tained with drugs in these experiments were in
close ag-reement with those obtained in ex-
periments where the control threshold 'was
lower, and they have therefore been included
in the relevant sections.

In establishing the control thresholds it was
found that in many cases there was a slight
difference between the threshold for be-
havioural arousal and that for EEG arousal.
The difference was usually small, but it was
consistent in that the EEG threshold was al-
ways the lower one.

II. The effect of dr1~gs on arousal thresholds.
(a) Pentobarbitone. This drug, as the

sodium salt, was injected intravenously in
doses of 0.5 to 20 mg/kg. at intervals of ap-
proximately 20 min. A total dose of 1.5 mg/kg.
was found to have no effect on arousal re-
sponses, but when this was increased to 3.')
mg/kg., the thresholds for both behavioural
and EEG arousal showed a slight rise (fig.
2 B). At the same time it was found that
arousal produced by afferent stimulation, such
as clapping, blowing on the face or pinching
the ears, was completely blocked and that
these stimuli were no longer effective. With a
total dose of 8-10 mg/kg., there was a further
rise in the thresholds (fig. 20) and when the
dose was increased above this level, arousal
was in all cases completely abolished, even
when stimulating voltages of up to 15 V. were
used.

In these experiments, g-raphs have been
plotted of the threshold (expressed as a per-

centage of the normal, i.e. that at the be-
ginning of the experiment) against the total
quantity of the drug. These threshold/dose
response curves have been found to be con-
sistent for the same drug in different exper-
iments. The graph in figure 4 B represents
the mean of five experiments with this drug.

(b) Chlorpromazine. The dose range used
in 15 experiments with this drug was 0.05 to
20 mg/kg., and injections were made at in-
tervals of 20 min. Very small doses were used

I
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Fig. 4

Mean values of percentage change in arousal threshold
plotted against dose. A: Chlorpromazine, B: Pento-
barbitone. The dotted lines indicate the limits of
experimental variation.
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to start with because it had been observed in
previous studies with this drug, that intra-
venous injections of 0.5 mg/kg. or less often
caused a transient activation of the spon-
taneous electrical activity of the cortex in
encephale isolC preparations (Bradley and
Hance 1955, 1957). In the present series of
experiments it was found that doses of chlor-
promazine between 0.1 and 0.3 mg/kg. often
caused a slight fall in both the behavioural and
EEG thresholds (fig. 4 A) . This effect was
observed in about one-third of the experiments
with this drug. When the total dose was in- ~
creased to 0.8 mg/kg., the thresholds returned ~
to their original level. With doses between 2.0 E
and 4.0 mg/kg. it was seen that a slight rise N
in the thresholds for behavioural and EEG T.
arousal occurred (fig. 3 C and D, fig. 4 A) ,
and at the same time the preparation became
unresponsive to afferent stimuli which would
normally produce arousal. No further in-
crease in the thresholds was observed with
larger doses, though it was sometimes found
difficult to establish the EEG threshold when
the total dose exceeded 10 mgz'kg. owing to
the presence of artefacts in the record. These
were thought to be due to the low or fluctuat-
ing blood pressure level which was observed
following the injection of large doses of chlor-
promazine.

In some experiments with this drug, two
stimulating electrodes were utilized, one in
the normal position in the mesencephalon, and
the other in the medulla. The results obtained
were the same for both positions of the stim-
ulating electrode, however.

(c) Atropine. Atropine sulphate 'was given
in 7 experiments in doses of 0.1 to 4.0 mg/kg.
With 0.2 rug/kg. or less, no effects on the
thresholds were seen, but as the dose was
increased, large amplitude slow waves, such
as have been observed in previous exper-
iments with this drug, appeared in the elec-
trocorticogram. These slow waves, which ap-
peared singly at first, and then in groups,
became more persistent as the dose level
was increased. At the same time, the thresh-
old for EEG arousal was raised (fig. 5),
reaching a maximum at a dose level between
2.0 and 4.0 mg/kg. There was no change in
the threshold for behavioural arousal, how-
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eyer, and the threshold/dose curves for EEG
and behavioural arousal showed a wide di-
vergence 'when this drug was used (fig. 5).
In one experiment, atropine was administered
to a preparation which was permanently alert,
and it was seen that even after the largest
doses of the drug (4.0 mg/kg.), the prepara-
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Fig. 5
Graph of mean values of percentage change in thresh-
old for 5 experiments in which atropine was followed
by physostigmine. Tho arrow indicates the point at
which injections of physostigmine were started and
the dotted lines the limits of experimental variation.

tion remained behaviour ally alert. In all ex-
periments with this drug, after high am-
plitude, slow waves had been induced in the
electrocorticogram by the injection of atro-
pine, auditory or tactile stimuli caused be-
havioural alerting but did not in any way
modify the EEG pattern of activity.

In one experiment atropine was injected
after physostigmine had been administered
in a dose sufficient to change the EEG pattern
to one similar to that seen in the alert animal,
but without change in the behaviour threshold,
or alerting of behaviour. In this case the dose
of atropine required to induce slow waves was
slightly larger, but the effects on the arousal
thresholds were identical to those observed in
other experiments with this drug.

(d ) Hyoscine. This drug, in the form of
the sulphate, was injected in closes of 0.01 to
9.0 mg/kg. in three experiments and was
found to produce effects similar to those ob-
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served with atropine. With 0.03 mg/kg. or
less, no effects were seen, but larger doses
caused a progressive rise in the threshold for
EEG arousal as slow activity appeared in the
electrocorticogram. The maximum rise in the
threshold appeared at a dose level of the order
of 0.9 to 1.0 mg/kg. and a further increase
in the dose after this produced no further
change in threshold. There was, in the case
of this drug, a slight rise in the threshold for
behavioural arousal, following a total dose
of about 1.0 mg/kg. but the graphs for EEG
and behavioural arousal still showed a very
marked divergence,

(e) Physostigmine. Physostigmine sulphate
was used in 6 experiments in doses of 0.005 to
0.055 mg/kg. except where the drug' was given
after either atropine or hyoscine, when doses
of up to 1.0 mg/kg. were used. In the normal
encepluile isole preparation, 0.005 to 0.020
mg/kg. had no effect on arousal responses, but
0.035 mg/kg. or more caused a desynchroni-
zation of the electrocorticogram. Thus the
threshold for EEG arousal fell to zero, but at
the same time the threshold for behavioural
arousal did not change provided the doses used
were minimal. It was found necessary to keep
the dose as small as possible in order to avoid
peripheral parasympathomimetic effects, since
if these occurred, the behaviour of the pre-
paration was affected.

The most striking effects with physostig-
mine were observed when it was injected
following atropine. With doses of 0.01 to
0.8 mg/kg. the threshold for EEG arousal,
which had been raised by atropine (fig. 5)
was progressively lowered, as the slow activity
was abolished by increasing amounts of phys-
ostigmine. The discrepancy between the
thresholds for EEG and behavioural arousal
was therefore diminished and the EEG thresh-
old could be reduced to zero, but that for be-
havioural arousal remained unchanged, even
when the E E G pattern was " alert". In
figure 5 the point at which the administration
of physostigmine was started is indicated by
the arrow. Similar effects were observed
when physostigmine was injected following
hyoscine.

(f) Amphetamine. The racemic form of
this compound, dl-amphetamine sulphate, was

used in 6 experiments. It was injected in doses
of 0.01 to 1.0 mg/kg. and the effects on arousal
produced by afferent (auditory) stimulation,
as well as on arousal produced by stimulation
of the reticular formation were studied. The
thresholds for behavioural and EEG arousal
produced by direct stimulation of the reticular
formation decreased steadily as the total quan-
tity of amphetamine injected was increased
(fig. 6 A). When a total dose of the order of
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Typical threshold/dose response curves for arousal
produced by stimulation of the reticular formation,
A: with al-amphetamine and B: with LSD 25.

0.8 to 1.0 mg/kg. had been reached, the pre-
paration remained alert, both in terms of be-
haviour and the electrical activity of the
cortex. The threshold for arousal produced by
auditory stimulation decreased in a similar
manner (fig. 7 A), whilst that for click re-
sponses recorded from the auditory cortex
showed little change. In the experiment from
which the graph shown in figure 7 A was
derived, there was a slight increase in the click
threshold with the smallest dose of am-
phetamine.

(g) d-Lysergic acid diethylamide (LSD
25). This drug was injected in doses of 1.0
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to 20 j-tg/kg. in 4 experiments and, as with
amphetamine, the effects on arousal to af-
ferent stimulation were also examined. Both
stimulation positions in the reticular forma-
tion were used in most experiments. Doses of
up to 20 j-tg/kg. were found to have no effect
on arousal thresholds for direct stimulation of
the reticular formation, irrespective of the
position of the stimulating electrode (fig. 6 B).
There was however, in the case of this drug,
a marked change in the arousal threshold for
auditory stimulation. Extremely small doses,
of the order of 1.0 to 2.0 j-tg/kg., produced a
marked fall in this threshold, sometimes as
much as tenfold (fig. 7 B). This effect was
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Fig. 7

Threshold/ dose response curves for arousal produced
by auditory stimulation and for click responses, ob-
tained in the same experiments as those in figure 6.
A: ell-amphetamine, B: LSD 25.

so striking that it was difficult to get the pre-
parations to show sleep activity after these
doses of the drug, so sensitive did they appear
to be to the slightest noise. For example, the
sound of the pencil with which the protocol
was being written would often cause arousal.
However, if all extraneous noise was rigidly
excluded, the preparation would still sleep,
and the arousal threshold for stimulation of

--------------
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the reticular formation was found to be un-
changed. The threshold for click responses,
recorded from the auditory cortex, was also
unaffected (fig. 7 B).

DISCUSSIOX

The striking differences between the
threshold/ dose response curves obtained with
the different drugs used in these experiments,
together with the fact that similar curves were
obtained in all experiments with the same
drug, indicates that the method may be a
useful one for quantitative studies of the
action of drugs in relation to the reticular
formation of the brain.

The results obtained with pentobarbitone
confirm the findings of other workers that bar-
biturates, in quite small doses, block arousal
responses. Arduini and Arduini (1954) found
that 10 mg/kg. of pentobarbitone was suffi-
cient to block arousal produced either by
stimulation of the reticular formation or by
peripheral (olfactory) stimulation. Killam
and Killam (1956) and King (1956) observed
a similar blocking of EEG arousal with doses
of 5 to 20 mg/kg. of the same drug. In the
experiments described here, not only EEG
arousal but behavioural arousal produced by
reticular stimulation was also blocked by doses
of pentobarbitone which were small when
compared to the normal anaesthetic dose in the
cat (30-35 mg/kg.). These results further sup-
port the suggestion by French et al. (1953)
that barbiturates depress conduction in the
medial pathways at the brain stem level.

The results obtained with chlorpromazine
are in complete contrast to those obtained with
pentobarbitone, since even with the largest
doses of chlorpromazine (20 mg/kg.), the in-
crease in the arousal threshold was relatively
small and complete blocking of arousal was
never observed with this drug. This finding is
in agreement with the observations of Killam
and Killam (1956). The only similarity be-
tween the effects of chlorpromazine and those
of pentobarbitone is that in both cases, the
effects on the EEG threshold paralleled those
on behaviour. The fact that, in many ex-
periments the arousal thresholds showed a
slight fall when small doses of chlorpromazine
were injected confirms the previous observa-
tion that this drug, in small doses, has an

---------~~-- ~----
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excitant action when injected intravenously
(Bradley and Hance 1955, 1957).

The differences between the effects of
pentobarbitone and chlorpromazine as de-
monstrated by their threshold/dose response
curves (fig. 4), point to differences in the
modes of action of these two drugs. Thus, the
central effects of chlorpromazine may not be
due to a direct depression of the reticular
activating system, as would appear to be the
case with barbiturates, although it has been
claimed (Longo et al. 1954) that arousal pro-
duced by stimulation of the rostral part of the
reticular formation in the rabbit was blocked
by this drug. Hiebel, Bonvallet and Dell
(1954), working with curarized cat prepara-
tions, also round that EEG arousal produced
by stimulation or the reticular formation was
blocked by chlorpromazine unless the stim-
ulating voltage was considerably increased.
In our experiments, the rise in the threshold,
even with the largest doses of chlorpromazine,
was never more than 50 per cent. If in their
experiments, Longo and his co-workers did
not alter the strength of the stimulus, then it
is possible that what they interpreted as a
blocking or the response was, in fact, a rise
in the threshold.

The blocking of arousal responses to af-
ferent stimulation following chlorpromazine
has been reported by numerous workers
(Longo et al. 1954; Hiebel et al. 1954; Bradley
and Hance 1955, 1957). This effect is also
observed with barbiturates but here the effect
can be explained by the blocking of the
arousal response 'within the reticular forma-
tion itself. This explanation 'will not hold in
the case of chlorpromazine however, and it
appears that the blocking of afferent arousal
is a more specific effect in the case of this
drug. One possible explanation (Bradley and
Elkes 1956) is that chlorpromazine might
produce its effect by an action more closely
related to the afferent collaterals entering the
reticular formation at the brain stem level.

Atropine and physostigmine affected only
the threshold for EEG arousal produced by
stimulation of the reticular formation and not
the threshold for behavioural arousal, so that
the threshold/dose response curves for these
drugs show a wide divergence. This is per-

haps not entirely unexpected, since these two
drug'S are known to cause a dissociation be-
tween EEG and behaviour in the conscious
animal; atropine inducing a pattern of high
amplitude slow waves without inducing sleep,
and physostigmine causing the appearance of
low amplitude, fast activity in the EEG, but
without the animal becoming alert (Wikler
1952; Bradley and Elkes 1953a, 1957). More-
over, since it had been found that both drugs
still produced their characteristic changes in
the electrocorticogram after transection of the
mid-brain, it was suggested (Bradley and
Elkes 1956, 1957) that it is unlikely that these
drugs produce their effects by an action only
at the brain stem level and that the arousal
system is probably not activated by a pre-
dominantly cholinergic mechanism. The re-
sults of the experiments described here sup-
port this view, since the blocking of the slow
waves by reticular stimulation cannot be re-
garded as arousal unless it is accompanied by
behavioural changes.

Rinaldi and Himwich (1955 a and b) in
studies in the rabbit, claim that atropine
is "a universal inhibitor of alerting reac-
tions". They suggest that atropine acts on
the" mesodiencephalic activating system" and
that this system is cholinergic in nature. Since
they studied only alerting of the electrocorti-
cogram, they failed to observe that alerting of
behaviour was unaffected by atropine. Fur-
thermore, the mesodiencephalic activating sys-
tem has not been defined either in functional
or anatomical terms, but it would appear to
include both the mid-brain reticular formation
(Moruzzi and Magcun 1949) and the diffuse
thalamic projection system (Jasper 1949).
Our reasons for suggesting that atropine and
physostigmine do not act at the brain stem
level have already been stated. In the present
series of experiments both drugs produced
graded changes in the threshold for EEG
arousal, and even with the largest doses of
atropine, EEG activation could still be pro-
duced by stimulation of the reticular forma-
tion. It is therefore possible that these drugs
may be acting on a system which is affected
by the ascending influence of the reticular
activating system, but which is not directly i11-
volved in neurological mechanisms governing



EFFECT OF DReGS OX AROUSAL RESPONSES

wakefulness and sleep. This system might well
be the diffuse thalamic projection system, but
it is unlikely to include the mid-brain reticular
formation as it is well known that lesions at
this level can lead to somnolence (Lindsley
ei aL 1950).

In a study of the effects of a series of
atropine derivatives on the electrical activity
of the brain in the conscious animal it had
been observed that hyoscine induced slow
waves in the electrocorticogram in smaller
doses than atropine, but that it also produced
slight sedation (Hance 1956). This drug was
therefore included in the present series of
experiments for comparison with atropine.
The findings that the effects of hyoscine on
EEG arousal were similar to those of atropine
but that smaller doses were effective, and
that the threshold for behavioural arousal
also showed a slight rise, are consistent with
previous observations with this drug.

The threshold/dose response curves ob-
tained with dl-amphetamine showed a pro-
gressive fall in both EEG and behaviour
thresholds for arousal with increasing doses
until the preparations eventually became
completely alert. The dose level at which this
effect was obtained was the same as that which
had been found to produce alerting of the
spontaneous electrical activity and behaviour
in previous experiments in the encephale isole.
Since this drug had been observed to cause
alerting of the EEG and behaviour in the
conscious animal, but not in the cerveag isole,
it has been suggested that its site of action
might be on receptors situated at the level of
the brain stem reticular formation (Bradley
and Elkes 1953b, 1957). The results obtained
in the present series of experiments serve to
confirm the close correlation between the
EEG and behavioural effects of amphetamine
and support the hypothesis that the site of
action of this drug is closely related to the
arousal system at the brain stem level.

Previous investigations with LSD 25 have
shown that this drug' also causes alerting of
electrical activity and behaviour in the
conscious animal, but that its effects appear
to be dependant upon the precise environ-
mental conditions, whereas this was not the
case with amphetamine. Further, LSD 25 was
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found to have no effect upon the spontaneous
electrical activity of the encephale isole pre-
paration. The results of the experiments de-
scribed here emphasize further the differences
between the effects of amphetamine and LSD
25. LSD 25 caused no change in the threshold
for direct stimulation of the reticular forma-
tion' in the doses used, but quite small doses
caused a marked fall in the threshold for
arousal produced by auditory stimulation and
the preparations became noticeably more
sensitive to external stimuli after this drug
had been given. With amphetamine the change
in this threshold was relatively slight. These
observations are consistent with the results of
previous experiments (Bradley and Elkes
1957) in which it had been observed that if
all extraneous sources of external stimulation
(such as noise) were cut off, the alerting
effect of LSD 25 in the conscious animal was
greatly reduced.

It therefore seems possible that whilst
amphetamine may act directly on the reticular
formation and so produce alerting which is
independant of the external environment, the
action of LSD 25 might be more closely re-
lated to incoming influences from the environ-
ment. The absence of an effect on the
threshold for click responses recorded from
the auditory cortex suggests that the action
of the drug is not on the afferent pathway
itself. The effects of LSD 25 can be explained
however, by an action at the level of the
reticular formation, related to the influence
of incoming impulses via the collaterals from
the afferent pathways. Thus the action of this
drug might be to sensitize the reticular ac-
tivating system to these influences, rather
than to excite it directly. This hypothesis
might explain the lack of effect of LSD 25
on the spontaneous activity of the encephale
isole preparation, since many afferents which
normally feed into the reticular formation·
(Amassian and Devite 1954; Schiebel et al.
1955) are cut off in this preparation. It is
also in keeping with the findings that in
normal human subjects LSD 25 increased the
responsiveness of the alpha rhythm to visual
stimuli (Bradley, Elkes and Elkes 1953). In
the intact conscious animal, in an environment
providing a moderate level of excitation, the
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ef!ects of LSD 25 might appear to resemble
more closely those of amphetamine.

These investigations into the effects of
drugs on arousal responses, the results of
which are summarized in table I, lead to the
hypothesis of three different sites of action
within the central nervous system for the
drugs studied. Firstly, some drugs may act
directly on the reticular activating system,
either with a depressant action (eg. pento-
barbitone) or an excitant action (eg. amphe-
tamine). Secondly, certain drugs may have an
action at this level which is less directly con-
cerned with the arousal system, but which
appears to be more closely related to the

TABLE I

(E.G. AROUSAL BEHAVIOURAL. AROUSAL

RET. STiM. AFF. STlM, RET. STiM. AFF. STiM.

PENTOBARBITONE I I I I
AMPHETAMINE ~ ! ~ !

CHLORPROMAZINE /' i /' i
L.S. D. 2S 0 ~ 0 ~

ATROPINE i i 0 0

PHYSOSTIGMINE ~ - 0 0

t rise In threshold.. lfoil in threshold. 0 no Ilffl;ct. Jf a Slight l"i'l!: in thruhold"

influence of afferent collaterals entering the
reticular formation. This too may be depres-
sant (chlorpromazine) or excitant (LSD 25).
Finally, we have the cholinergic and cholino-
lytic drugs such as physostigmine and atro-
pine, whose site of action does not appear to
be primarily at the brain stem level, but
which may be more diffuse or perhaps related
to thalamocortical projections. Further studies
will be necessary in order to prove or disprove
the validity of this hypothesis and to de-
termine more precisely the sites of action of
these drugs. Some of these studies are at
present in progress.

SUMMARY

Thresholds for behavioural and EEG
arousal produced both by electrical stimula-
tion of the reticular formation and by afferent
(auditory) stimulation have been determined
in encephale isole cat preparations. The effect
of graded doses of pentobarbitone, chlorpro-
mazine, atropine, hyoscine, physostigmine,
amphetamine and d-lysergic acid diethylamide
(LSD 25) on these thresholds were studied.

Pentobarbitone, in doses considerably
smaller than the anaesthetic dose, blocked
arousal responses completely, but chlorproma-
zine, even in large doses, caused only a slight
rise in the thresholds for direct stimulation of
the reticular formation. It blocked arousal
produced by afferent stimulation.

Atropine, hyoscine and physostigmine
produced a marked divergence between be-
havioural and EEG thresholds; atropine
caused a rise in the EEG threshold and
physostigmine a fall, whilst the behavioural
threshold remained unchanged. The effects
of hyoscine were similar to those of atropine
except that it caused a slight rise in the
threshold for behavioural arousal, consistent
with a slight sedative effect.

Amphetamine caused the thresholds to fall
until a dose was reached at which the prepara-
tion was fully alert, both behaviourally and in
terms of the EEG activity. LSD 25 had no
effect on the arousal threshold for stimula-
tion of the reticular formation but produced a
marked lowering of the threshold for arousal
to afferent (auditory) stimulation.

The relation between t.hese findings and
the results of previous investigations is dis-
cussed, together with the possible sites of
action of the drugs st.udied. Three different
sites of action are postulated: (a) a direct
action on the reticular activating system (pen-
tobarbitone and amphetamine); (b) an action
at the brain stem level but related to afferent
eollaterals entering the reticular formation
(chlorpromazine and LSD 25), and (c) an
action not directly related to the reticular
formation of the brai.n stem but possibly to
diffuse thalamocortical projections (atropine
and physostigmine).
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RESUME

Les seuils d 'excitabilite pour Ie declenche-
ment d'une reaction deveil par stimulation
electrique de la formation reticulaire du tronc
cerebral et par des stimuli afferents (audi-
tifs), telle qu' elle se manifeste dans le com-
portement de 1'animal et dans 1'EEG, ont ete
determines chez des chats avec eneephale isola
Les effets de doses graduees de pentobarbi-
tone, chlorpromazine, atropine, hyoscine, phy-
sostigmine, amphetamine et du diethylamide
de 1'acide lysergique (LSD 25) sur ces seuils
d 'excitabilite ont ete etudies,

Des doses subnarcotiques de pentobarbi-
tone ont produit un bloquage complet des
reactions d 'eveil, La chlorpromazine d 'autre
part meme a des doses considerables n'a eleve
Ie seuil d 'exeitabilite pour la stimulation elec-
trique de la formation reticulee que d 'une
facon legere, tandis que les reactions d' eveil
par des stimuli aff'erents sensoriels ont ete
bloques par cette substance.

Les reactions d' eveil determinees sur la
base du comportement de 1'animal et celles
determinees sur la base des reactions electro-
encephalographiques ont montre une diver-
gence marquee de leurs seuils d 'excitabilite
respectifs sous 1'influence de 1'atropine, de
1'hyoscine et de la physostigmine. L 'atropine
a produit une elevation du seuil de la reaction
d'eveil dans l'EEG et la physostigmine a
produit un abaissement de ce seuil, tandis que
les seuils de la reaction d' eveil bases sur Ie
comportement n'ont accuse aucun change-
ment. L'effet de l'hyoscine a ete semblable a
celui de 1'atropine.

L 'amphetamine a produit un abaissement
des seuils de la reaction d 'eveil augment ant
avec la dose jusqu ia un point oii un etat de
vigilance complete a Me obtenu aussi bien
dans Ie comportement que dans Ie trace elec-
troencephalographique. Le diexylamide de
1'acide lysergique n 'a exerce aucun effet sur
les seuils des reactions d'eveil produit par
stimulation de la formation reticulee, mais a
produit une diminution marquee du seuil de
la reaction deveil produite par des stimuli
afferents seuscriels. Pour expliquer les effets
des substances etudiees trois differents lieux
d 'action doivent etre eonsideres : (a) une
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action directe sur Ie systeme activateur de la
formation reticules du tronc cerebral (pento-
barbitone et amphetamine); (b) un effet au
niveau du tronc cerebral sur les collaterales
des systernes affercnts au lieu de leur entree
dans la substance reticulee (chlorpromazine
et diethylamide de 1'acide lysergique), et fi-
nalement (c) une action possible sur les sys-
temes de projection diffuse thalamo-corticale
(a tropine et physostigmine).

ZUSAMMENF ASSUNG

Reizschwellen fii.r Weckreaktionen ausge-
lost durch elektrische Reizung del' retikularen
Formation des Hirnstammes und dureh af-
ferente (akustische) Reizung, wie sie sich im
Verhalten oder irn EEG manifestieren wurden
in Katzen mit encephale isole bestimmt. Die
Wirkung abgestufter Dosen yon Pentobarbi-
ton, Chlorpromazin, Atropin, Hyoscin, Phy-
sostigrnin, Amphetamin und d-Lysergsaure-
Diaethylamid (LSD 25) auf diese Reizsch-
wellen wurde untersucht.

Pentobarbiton in Dosen, welche viel kleiner
waren als die welche notwendig sind Narkose
herbeizufiihren, verursachte eine komplette
Blockierung der Weckreaktionen, wahrend
Chlorpromazin, selbst in grossen Dosen, die
Reizschwelle fiir elektrische Reizung del' re-
tikularen Formation nur leicht erhohte, jedoch
Weckreaktionen durch afferente sensorische
Reize blockierte.

Weckreakticnen bestimmt auf Grund des
Verhaltens des Versuchstiers und solche
bestimmt auf Grund des ElektroenzephaIo-
gramms zeigtsn eine starke Divergenz ihrer
respektiven Reizschwellen unter dem Einfluss
von Atropin, Hyoscin and Physostigmin. Atro-
pin erzeugte eine Erhohung del' EEG-vVeck-
reizschwe11e und Physostigmin eine Ernied-
r'igung derselben, wahrend die Reizsclnvellen,
bestimmt auf Grund des Verhaltens, unveran-
dert blieben. Die Wirkung yon Hyoscin war
ahnlich derjenigen von Atropin.

Amphetamin produzierte eine Ernied-
rig-ung del' Reizschwellen solange bis eine
Dosis erreicht war bei welcher das Tier
vollstandig wach war sowohl in seiner Verhal-
tensweise als auch in seinem EEG. LSD 25
hatte keinen Effekt auf die Reizschwelle del'
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Weekreaktiou durch elektrische Reizung der
Retikularformation, produzierte jedoch eine
markante Erniedrigung der Reizschwelle fiir
afferente, sensorische Reize.

Drei verschiedene Angriffsspunkte der
Pharmaka werden in Betracht gezogen: (a)
direkter Effekt auf das aktivierende reti-
kulare System (Pentobarbiton und Amphe-
tamin ) ; (b) eine Wirlmng im Hirnstamrn-
gebiet auf die Kollateralen afferenter Fa-
sersysteme, welche in die Substantia reticu-
laris einmiinden (Chlorpromazin und LSD
25), und schliesslich (c) moglicherweise eine
Wirkung auf diffuse thalamo-kortikale Pro-
jektionssysteme (Atropin und Physostigmin).

We wish to thank Professor J. Elkes for his
advice and encouragement, Mr. M. L. Longmore for
technical assistance ancl the Ministry of Supply for
financial support.

REFERENCES

AMASSIAN, V. E. and DEVITO, R. V. Unit activity in
reticular formation and nearby structures. J.
N europhysiol., 1954, 17: 575-603.

ARDUINI, A. and ARDUINI, M. G. Effect of drugs and
metabolic alterations on brain stem arousal mech-
anism. J. Pluirmacol., 1954, 110: 76-85.

BRADLEY, P. B. and ELKES, J. The effect of atro-
pine, hyoscyamine, physostigmine and neostigmine
on the electrical activity of the brain of the
conscious cat. J. Physio!., 1953a, 120: 14-15 P.

BRADLEY,P. B. and ELKES, J. The effect of amphet-
amine and d-lysergic acid diethylamide (LSD
25) on the electrical activity of the brain of the
conscious cat. J. Physiol., 1953b, 120: 13-14 P.

BRADLEY,P. B. and ELKES, J. A technique for record-
ing the electrical activity of the brain in the
conscious animal. EEG Glin. Neuroptvusiol., 1953c,
5: 451-456.

BRADLEY, P. B. and ELKES, J. The distribution of
cholinergic and non-cholinergic receptors in the
brain: electrophysiologieal evidence. 2nd Inter-
national Neurochemical Symposium: The Met-
abolism of the Nervous System, 1956, Pergamon
Press, 515-522.

BRADLEY,P. B. and ELKES, J. The effects of some
drugs on the electrical activity of the brain.
Brain, 1957,80: 77-117.

BRADLEY, P. B., ELKES, C. and ELKES, J. On some
effects of lysergic acid diethylamide (LSD 25)
in uuruia.l vuluuteers. J. Phys·iuZ., 1953, 121: 50 P.

BRADLEY, P. B. and HANCE, A. J. The effect of
chlorpromazine on the electrical activitv of the
brain of the conscious cat. J. Physiol., 1955, 129:
50-51 P.

BRADLEY, P. B. and HANCE, A. J. The effect of
chlorpromazine and methopromazine on the elec-
trical activity of the brain in the cat. EEG Ciin,
Neurophysiol., 1957, 9: 191-215.

BRADLEY,P. B. and KEY, B. J. The effect of drugs
on arousal responses produced by electrical stim-
ulation of the reticular formation in the cat. 20th
Inter. Physiol. Congress, 1956, p. 124.

FRENCH, J. D., VERZEANO, M. and MAGOUN, H. W.
A neural basis of the anaesthetic state. Arch,
Neurol. Psychiat., Chicago, 1956, 69: 519-529.

HANCE, A. J. Studies on the effects of drugs on the
electrical activity of the brain and on behaviour.
Ph.D. thesis, University of Birmingham, 1956.

HIEBEL, G., BONVALLET,M. et DELL, P. Action de la
chlorpromazine (" Largactil", 45 60 RP) au
niveau du systeme nerveux central. Sem, Hop.,
Paris, 1954, 30: 2346-2353.

JASPER, H. Diffuse proj ecticn systems: the inte-
grative action of the thalamic reticular system.
EEG cu«. N europliusiot., 1949, 1: 405-420.

KILLAJ\f, E. K. and KILLAM, K. F. A comparison of
the effects of Reserpine and chlorpromazine to
those of barbiturates on central afferent svstems
in the cat. J. Pharmacol., 1956, 116: 35. •

KING, E. E. Differential action of anaesthetics and
interneuron depressants upon EEG arousal and
recruitment responses. J. Pharmacol., 1956, 116:
404-417.

LINDSLEY, D. B., SCHREINER,L. H., KNOWLES, W. B.
and MAGOUN,H. W. Bchavioural and EEG changes
following chronic brain stem lesions in the cat.
EEG cu«. N europhsjsiot., 1950, 2: 483-498.

LONGO, V. G., VON BERGER, G. P. and BOVET, D.
Action of nicotine and of the "ganglioplegiques
centraux ' on the electrical activity of the brain.
J. Pharmacol., 1954, 111: 349-359.

MORUZZI,G. and MAGOUN,H. W. Brain stem reticular
formation and activation of the EEG. EEG Olin:
Neuropliusiol., 1949, 1: 455-473.

RIXALDI, F. and HIJ\fWICH, H. E. Alerting responses
and actions of atropine and cholinergic drugs.
Arch, Neurol. Psychiat., Chicago, 1955a, 73: 387-
395.

RINALDI, F. and HI1IWICH, H. E. Cholinergic mech
anisms involved in function of meso diencephalic
activating system. Arch, Neurol. Psychiat., Chi-
cago, 1955b, 73: 396-402.

SCHIEBEL,M., SCHIEBEL,A., MOLLICA,A. and MORUZZI,
G. Convergence and interaction of afferent im-
pulses on single units of reticular formation. J.
N e1lrophysiol., 1955, 18: 309-331.

WIKLER, A. Pharmacologic dissociation of behaviour
and EEG "sleep patterns" in dogs: morphine,
~-allylnormorphine and atropine. Proc. Soc. expo
ssoi. N.Y., 1552, 79; 2!H-265.

Reference: BRADLEY,P. B. and KEY, B. J. The effect of drugs on arousal responses produced by electrical
stimulation of the reticular formation of the brain. EEG Ciin. Neurophsisiol., 1958, 10: 97-110.


