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ORTOLANI. E .G bt MARIA AND S PALAZZESI Naloxone and propranolol inhubit the disruption of the hippocam-
pal theta waves induced by D-Iysergic acid diethviamide i the rabbit PHARMACOL BIOCHEM BEHAYV 24(2) 183-186,
1986 —In the rabbit, naloxone and propranolol antagonize the disruption of the hippocampal theta waves induced by LSD
These results are discussed in view of the reported effects of these drugs in curing hallucinatory symptoms in mentally
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disturbed patients
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IN the last few years interest was focused on the possible
role played by the endorphins on the pathogenesis of acute
hallucinatory syndromes and other psychiatric disturbances,
an increase of B-endorphins was evidenced in the cerebro-
spinal fluid of acute schizophrenic patients during hallucina-
tory spells [16] Naloxone, which allegedly has a strong affin-
ity for the u receptor, can reverse and prevent hallucinatory
syndromes 1n acute schizophrenic patients [7]

In previous investigations carried out m our laboratory
[1.11]. the EEG alterations observed in the rabbit after ad-
ministration of lysergic acid diethylamide (LSD) were de-
scribed Disruption of the theta waves of the hippocampus
was considered characteristic of the EEG effects of this drug
and proposed as indicative of the hallucinogenic effect in
man

The aim of the present investigation was to test whether
naloxone prevents or reverses the theta waves disruption
mmduced by LSD Propranolol has been tested since this drug
has a synergistic therapeutical effect with chlorpromazine 1n
acute schizophrenics [ {4] and has been used in the treatment
of LSD-induced anxiety states [9]

METHOD

A total of 28 adult male Rouge de Bourgogne rabbits
weighing 2 2-2 5 kg were implanted with cortical electrodes
on the sensorimotor cortex, and with bipolar electrodes in
the dorsal hippocampus, under hght ether plus local
hidocaine anesthesia One hour following surgery the animal
was placed 1n a restraining box, and the EEG was recorded
on paper and on a magnetic tape according to the following
schedule The pre-drug control EEG was recorded for one
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hour, during this period the ammal was awakened by apply-
Ing an arousing noise at regular intervals After treatment,
the EEG was recorded for three hours, applying the arousing
noise at the same intervals

Upon termnation of the experimental session, artifact-
free hippocampal EEG samples of the duration of about 2
mun were chosen upon visual ispection, band-pass filtered
(0 5 to 32 c¢/sec) and fed in a minicomputer for quantitative
analysis These samples concerned records taken m-
mediately after the arousing stimulus Sampling frequency
was 128 points/sec over periodograms of 8 sec, power
spectra from 0 5 to 32 ¢/sec were built using standard FFT
algorithm, and stored on digital tape Finally, the power of
strongly inter-related adjacent hnes were cumulated on the
basis of a procedure described previously [10] The com-
puter printout was therefore referred to 4 frequency bands
(1-4, 5-6, 7, 832 c¢/sec) for each temporal period of 2 min
Power was expressed as percent of predrug total power in
each animal The following drugs were used LSD (2-64
pg/kg), n 16 animals), naloxone (0 4-1 mg/kg, in 6 animals),
propranolol (0 4-1 mg/kg, m 6 animals) All figures refer to
the weight in base of the drugs

The differences among EEG power values had been com-
puted using ANOVA test

RESULTS

Effects of LSD on Computerized Hippocampal EEG

Power values of 1-4 and 5-6 c¢/sec bands were not consis-
tently affected by low doses (2 and 4 pg/kg), while 16 and 32
rg/kg induced a dose-related enhancement The power of 7
c/sec frequency band was consistently enhanced by 4 and 16
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FIG | Effects of LSD on the EEG power values relative to dorsal
hippocampus Dose-effect relationship relative to 7 Hz frequency
band 1S minutes after IV mjection Abscissa doses in ng/kg IV
Ordinates Normalized mean power values (4 animals per dose)
Significance of ANOVA versus saline (C), *¥p<0 01, **xp <0 001
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FIG 3 Naloxone (1 mg/kg 1V) restores the hippocampal theta
rhythm disrupted by LSD (32 pg/kg 1V)
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FIG 2 Effects induced by LSD (32 wg/kg 1V) in rabbits pretreated
with naloxone (1 mg/kg IV) on 7 Hz frequency band Abscissa time
in minutes Ordinates Normalized mean power values (four
amimals) ANOVA «ignificance versus predrug control *#p<( 01
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FIG 4 Eftects induced by LSD (32 ug/kg 1V) 1n rabbuts ptetieated
with propranolol (0 4 mg/kg IV) on 7 Hz frequency band of hip-
pocampal EEG power spectrum Abscissa time in minutes Ordi-
nates Normahzed mean power values (mean of four animals)
ANOVA significance versus predrug control values. **p<0 01
*exp <0 001



LSD AND THETA WAVES

ng/kg, the dose of 32 and 64 pg/kg induced a fall of power
lasting 20-30 min followed (for 32 ug/kg) by a progressive
rise to control values or to values higher than controls (Fig
1) In the 8-32 c¢/sec frequency band an increase of power
took place shortly followmg 2, 4 and 16 ug/kg, 32 and 64
pe/kg caused a drop of power values, return to control val-
ues was observed after 60 min

Antagonistic Effects of Naloxone on LSD

A small increase n theta waves voltage accompanied by a
shight behavioral excitation was noticed after naloxone 1
mg/kg LSD (32 pg/kg), administered 5 min after naloxone,
did not ehcit the typical theta disruption Computenized
analysis confirmed such data and evidenced, after a transit-
ory drop, an increase of 7 ¢/sec power and of higher fre-
quency bands (8-32) 15 min followmng LSD (mean of 4
animals) (Fig 2)

The same dose of naloxone administered 5 min following
32 ng/kg of LSD brought back to normal the theta rhythm
(Fig 3) Computerized analysis confirmed this effect both
with reference to the 7 Hz and to the 832 Hz frequency
bands

Antagonistic Effects of Propranolol on LSD

Propranolol (0 4 and 1 mg/kg) did not give rise to evident
behavioral or EEG changes LSD (32 ug/kg) injected 10 min
following propranolo! did not alter the theta rhythm under
visual EEG nspection in 4/4 amimals pretreated with 0 4
mg/kg of propranolol and m 2/2 pretreated with 1 mg/kg
Computerized analysis showed that the power relative to 7
c/sec trequency was remarkably increased following pro-
pranolol admmmstration and that such an increase was
strengthened by LSD (Fig 4) Also the power of the ligher
EEG frequency bands, not modified by propranolol, mn-
creased after administration of LSD On the other hand the
drug (up to 1 mg/kg) was effective on the theta disruption
induced by a previous injection of 32 ug/kg of LSD
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DISCUSSION

LSD induces disruption of hippocampal theta waves n
the rabbit this phenomenon 1s accompanied by the disap-
pearance of the single pyramidal cell activity recorded with
microelectrodes [2] A similar effect on the EEG and on
single-umt activity was described for tryptamme [1,11]
These data suggest that the serotoninergic system plays an
inhibitory role on the pyramidal cell firing through a mech-
anism not yet clarified The fact that naloxone prevents or
reverses the LSD-induced theta disruption indicates a
possible involvement of the opioid system in the genesis of
these alterations This hypothesis receives confirmation
from clinical data (see Introduction) and from the fact that
the psychotomimetic action induced in man by oplate
agonists such as pentazocine, cyclazocimne, levallorphan,
cyclorphan can be also antagomized by naloxone [8]
Fertziger and Fisher [4] described an antagonism between
naloxone and LSD in the rat, on the basis of the ‘*analgesic
bliss’™ observed for LSD and other hallucinogenic sub-
stances, these authors mention the possibility of an mterac-
tion of these drugs with the endorphinergic system

Several data indicate that propranolol 1s endowed with
central effects For this drug improvement of anxiety states
has been described, together with beneficial effects in drug
dependence [5,6] and in essential tremor [15] The mech-
amism of action underlying these activities 1s still obscure,
but theories about mode of action of this drug have been
already advanced, mcluding B-adrenergic blockade, cell
membrane stabilization, and 5-HT receptors blocking action
[12] Our data support this last hypothesis and confirm other
results found in the literature Propranolol antagonizes the
head twitches induced by S-hydroxytryptophan in mice, or
S-HT sleep m young chicken [17] Biochemical investiga-
tions have indicated that the potency of propranolol in block-
ing S-HT binding 1s equal or greater than its potency agamnst
LSD binding [3, 12, 13] This competitive antagonism toward
common receptorial sites could be responsible for the pre-
vention of the EEG effects nduced by LSD However, it can
be supposed that this competitive activity 1s not sufficiently
strong to displace LSD once 1s already binded to the recep-
tor
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