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frequency reaches the brain, but the response patterns of
higher neurones may be influenci by inhibitory inter-
actions between various auditory atst,
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Behavioural Effects of some Morphine
Antagonists and Hallucinogens in the
Rat

Corne and Pickering! found a good corrclation between
activity in inducing a behaviou ral response (head twitches)
in mice and the hallucinogenic activity in man of several
drugs, which included atropine. hyoscine. lysergide (LSD),
mescaline, .\, N-dimethyltryptamine, phencyelidine, psi-
locin and psilocybin. Drugs that did not cause head
twitches in mice included the morphine antagonists
cyelazocine (persomal communication from 8. J. Corne)
and nalorphine, both of which are known to cause hal-
Jucinations in man?-.

While working on morphine antagonists in this labora-
tory, 1 noticed that large doses of evclazoeine induced
bizarre behaviour in the rat. including side to side head
movements, pivoting on the hind toet and walking back-
wards. Walking backwards has been observed before in
the rat after hallncinogenic amphetamine derivatives,
mescaline! and phencyelidine,and so 1 have studied several
morphine antagonists and other reference drugs for their
bizarre behavioural effects in this species, in the hope of
obtaining a correlation with hallucinogenie activity inman.

The experimental procedure and method of recording
results were as follows. Drugs were administered sub-
cutaneously in a dose volume of 10 ml./kg body weight
to groups of five male weanling Wistar rats weighmg
40-80 g. Twenty minutes after the drug had been given,
each rab was observed in an empty metal food hopper for
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Eig. 1. Photograph of rats fighting 20 min after they had been given
2-5 mg/kg of apomorphine subcutancousiv. 3D (5 mg kg) subcutan-
eously caused simifar cffects.
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1 min. The number of times that the rat turned its head
to the right was counted. Next the rat was placed i a
shallow translucent plastic box for 1 min. The number
of times that the rat pivoted in a semicirele or in a full
cirele on its hind feet or walked backwards was noted.
Each rat was then placed for up to 1 min on the surface
of a drum rotating at I r.pan. to test for discoordination®,
From comparison with counts tor untreated control
animals, the following eriteria were used to determine a
positive effect: (1) a rat turning its head to the right
twenty times or more in . minute; (2) a rat pivoting in
a semicircle twice or mor> in a minute: (3) a rat walking
backwards oncc or more in a minute. The percentage of
rats showing cach of these effects was caleulated and the
mean determined.

Table 1. BIZARRE BEHAVIOURAL EFFECTS CAUSED BY KOME DRUGS IN THE RAT

Dose Per cent effect Per cent
Drug (mg/kg disco-

s.c.) HM P WwB Mean  ordinated
Cyclazocine 25 20 33 50 34 33
>0 30 93 30 84 80
Levallorphan 20 20 20 40 27 20
40 100 40 100 &0 100
Nalorphine 320 0 0 20 7 20
Pentazocine 20 0 0 0 0 0
40 0 0 40 13 0
60 0 0 80 27 100
Morphine 160 0 0 0 0 100
Profadol 80 0 0 0 0 100
Amphetamine 30 100 80 80 87 100
Atropine 320 60 20 20 33 40
Mescaline 160 40 20 o 20 20
Phencyclidine 08 20 20 0 13 0
25 80 100 10 73 100
Psilocybin 80 20 0 20 13 40
120 60 60 40 53 80
Saline * 0 0 0 0 0

Doses are expressed as mg base/10 ml./kg hody weight. Responses were
observed 20-24 min after subcutancous administration of drug. MM indi-
cates the pereentage of rats making twenty or more turns of the head to the
right during 1 min; P indicates the percentage of rats that pivoted in a
semicirele twice or more ditring 1 ming WP indicates the pereentage of rats
that walked backwards, when placed for 1 min in an observation box. The
seore is the mean of the percentage of rats showing head movements, pivoting
and walkina backwards.  The percentage discoordinated is the percentage
of rats that fell from the surface of a drum rotating at 1 r.p.ni. (turing 1 min.

* 10 ml./kg of 09 per cent (w/v) NaClsolution.

The morphine antagonists, eyclazocine and levallorphan,
as well as amphetamine. phencyclidine and psilocybin,
induced marked ataxia and the bizarre hehaviour charace-
terized by the three etfects described here. The effects all
oceurred in doses large enough to cause the rats to fall
within a few seconds from the surface of the rotating drum.
Detajled results in the rat are given in Table 1, in which the
doses listed for ecach drug include those causing the max-
imum effects. Table 1 shows that for cach of the drugs
active in this test. the percentage of rats showing bizarre
behaviour was similar to that discoordinated. whereas
the analgesics. morphine and profadol [m-(1-methyl-3-
propvyl-3-pyrrolidinyl) phenol}?, at the doses shown, dis-
coordinated all rats, but caused little or no bizarre
behaviour. Ethanol, too. in 40 per cent (v/v) aqueous
solution given orally in a dose of 10 ml./kg discoordinated
80 per cent of rats without causing bizarre behaviour.
The morphine antagonist pentazocine, in a dose of
60 mg/kg, caused head and body shakes, walking back-
wards and discoordination in most rats. The weak
activity of nalorphine iz consistent with the finding that,
unlike other hallucinogenic drugs in these tests, it did not
cause hyperthermia n the rabbits. It was surprising
that doses of nalorphine as large as 320 mg/kg dis-
coordinated only 20 per cent of rats. The behavioural
reactions of rats to hallucinogenic drugs described here
were consistent with subjective effects of the drugs in
man®.

Tnexpectedly, LSD in doses of 0-3 to 20 mg/kg sub-
cutaneously did not causeall the types of bizarre behaviour
described here. but it caused some walking backwards
(20 per cent). The most striking effect of LSD at 5 mg/kg
was fighting, similar but not identical to that observed
after the administration of 2-5 mg/kg of apomorphine
subeutaneously (Fig. 1). Apomorphine caused much more
aggressive behaviour than did LSD.
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In these experiments large doses of drugs known to be
hallucinogenic in man, including cyelazocine and leval-
Jorphan, caused bizarre behaviour in the rat. characterized
by side to side movement of the head, pivoting on the
hind feet or walking backwards. A test based on these
behavioural effects may be useful in predicting the hallu-
cinogenic activity of new drugs in man.
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Relaxation of Anaesthetics in the
Presence of Cyto-membranes

WE recently showed that the nuclear magnetic relaxation
rate of benzyl alecohol is increased in the presence of erythro-
cyte membranes and we concluded that this is caused by
restriction of the molecular motion of the alcohol molecules
imposed by the membrane structure!. With changes in
aleohol concentration the relaxation rate altered in a
characteristic way (Fig. 1), and it was suggested that
alterations in membrane structure were induced by the
alcohol which might be correlated with the physiological
changes found in anaesthetic action.

We have now examined this effect with preparations of
myelin, synaptosomes and membranes from a largely
unmyelinated nerve, the rabbit vagus. Myelin and syn-
aptosomes were prepared by the method of Whittaker®.
Vagus nerves from the rabbit were desheathed and homo-
genized in 0-32 M sucrose. The large particles were
removed by slow speed centrifugation, and the membrane
fraction was centrifuged at 20,000g for 15 min and then
resuspended in buffer. The measurements of the aromatic
line of benzyl aleohol were carried out in a Varian 4604
NMR spectrometer at 25° C as described previously. The
results are presented m Fig. 1 as linc widths (or relaxation
rate), where an increase in line width corresponds to a
decrease in molecular motion. The gencral form of the
curves was similar for all membranes and showed an
upswing in line width at a concentration above 100 mM.
We have previously shown that this corresponds to the
concentration at which benzyl aleohol haemolyses intact
erythrocytes. Membrane preparations other than ery-
throcytes gave unstable suspensions. and line width
measurements were correspondingly variable; there
were also slow changes with time especially at high
alcohol concentrations.

We have also examined the behaviour of two other
alcohols, neopentanol and trichlorethanol, as well as
lignoeaine. a cationic local anaesthetic, in erythrocyte
membranes (Fig. 2). Neopentyl aleohol shows a similar
upswing at high concentration to that found with benzyl
.aleohol, but at a low concentration the relaxation rate
was essentially independent of concentration. The ligno-
caine curve bears a close resemblance in form to benzyl
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aleohol, differing only in the effective concentration range
and the extent of the line broadening. Trichlorethanol
also shows similarities. but the insensitivity of the tech-
nique did not permit us to extend the measurements to
low concentrations.

The results show that the characteristic changes in the
relaxation of benzy! aleohol induced by erythrocyte
membranes are confined neither to this type of membrane
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Fig. 1. Line widths ( Ar}) of the aromatic protons of benzy! alcohol in
the presence of various membranes at 1'0 per cent wjv. H,0 buffer
containing 100 mM NaCl: 40 mM Na acectate; 10 mM Na phosphates,

pH 7-2. Measurements at 25° ¢
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Fig. 2. Line widths of NMR signals from various anaesthetics in the

presence of 1-0 per cent erythroeyte membranes. Proton signals
measured are underlined. D,0 buffer containing 45 mM NaCl: 30 mM
Na acetate; 10 mM phosphates, pH 7-2. JMeasurements at {2 C
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