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ORTOLANI, E , G DE MARIA AND S PALAZZESI Nalo~one and ploptanolol mhtbtt the dt~ruptton of the htppo~ am- 
pal theta waves mdu~ ed by D-lysergt~ a~ td dwthvlamtde m the pabbst PHARMACOL BIOCHEM BEHAV 24(2) 183-186. 
1986 --In the rabbit, naloxone and propranolol antagomze the disruption of the hlppocampal theta waves reduced by LSD 
These results are discussed mvtew of the reported effects of these drugs m curing hallucinatory symptoms m mentally 
disturbed panents 

Hlppocampal Theta rhythm LSD Naloxone Propranolol 

IN the last few years interest was focused on the possible 
role played by the endorphlns on the pathogenesls of acute 
hallucinatory syndromes and other psychiatric disturbances, 
an increase of/3-endorphms was evidenced tn the cerebro- 
spinal fluid of acute schizophrenic patients during hallucina- 
tory spells [16] Naloxone, which allegedly has a strong affin- 
ity for the/z receptor, can reverse and prevent hallucinatory 
syndromes in acute schizophrenic patients [7] 

In previous investigations carned out in our laboratory 
[1,11], the EEG alterations observed in the rabbit after ad- 
ministration of lyserglc acid dlethylamlde (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 
induced by LSD Propranolol has been tested since thls drug 
has a synergistic therapeutical effect with chlorpromazlne m 
acute schlzophremcs [ t4] and has been used in the treatment 
of LSD-lnduced 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 sensorlmotor cortex, and with bipolar electrodes in 
the dorsal hlppocampus, under light ether plus local 
hdocalne anesthesia One hour following surgery the animal 
was placed in 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 

hour, during this period the animal was awakened by apply- 
lng an arousing noise at regular intervals After treatment, 
the EEG was recorded for three hours, applying the arousing 
noise at the same intervals 

Upon termination of the experimental session, artifact- 
free hlppocampal EEG samples of the duration of about 2 
rain were chosen upon wsual inspection, band-pass filtered 
(0 5 to 32 c/sec) and fed in a mlmcomputer for quantitative 
analysis These samples concerned records taken im- 
mediately after the arousing stimulus Sampling frequency 
was 128 pomts/sec over perlodograms of 8 sec, power 
spectra from 0 5 to 32 c/sec were built using standard FFT 
algorithm, and stored on digital tape Finally, the power of 
strongly inter-related adjacent lines 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, 8-32 c/sec) for each temporal period of 2 rain 
Power was expressed as percent of  predrug total power in 
each animal The following drugs were used LSD (2-64 
/zg/kg), in 16 ammals), naloxone (0 4--1 mg/kg, in 6 ammals), 
propranolol (0 4-1 mg/kg, in 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 

EJfec ts oJ LSD on Cornputer:zed H:ppoc ampal EEG 

Power values of 1-4 and 5-6 c/sec bands were not consis- 
tently affected by low doses (2 and 4/xg/kg), while 16 and 32 
/zg/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 1 Effects of LSD on the EEG power values relative to dorsal 
hnppocampus Dose-effect relationship relaUve to 7 Hz frequency 
band 15 minutes after IV reJection Abscnssa doses in /xg/kg IV 
Ordinates Normahzed mean power values (4 ammals per dose) 
Sngmficance of ANOVA versus saline (C), **p<0 01, ***p<0 001 
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FIG 2 Effects reduced by LSD (32/xg/kg IV) m rabbits pretreated 
with naloxone (1 mg/kg IV) on 7 Hz frequency band Abscissa ume 
in minutes Ordinates Normahzed mean power values (four 
animals) ANOVA s~gmficance versus predrug control ×*p<O 01 
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FIG 3 Naloxone (1 mg/kg IV) restores the hlppocampal theta 
rhythm disrupted by LSD (32/zg/kg IV) 
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FIG 4 Effects induced by LSD (32/xg/kg IV) in rabbits ptetleated 
with propranolol (0 4 mg/kg IV) on 7 Hz trequency band of hip- 
pocampal EEG power spectrum Abscissa time in minutes Ordi- 
nates Normahzed mean power values (mean of four ammals) 
ANOVA slgmficance versus predrug control values, **p<0 01 
***p <0 001 



L S D  A N D  T H E T A  W A V E S  185 

/xg/kg, the dose of  32 and 64/xg/kg mduced a fall o f  power  
lastmg 20-30 mln fol lowed (for 32/zg/kg)  by a progress ive  
rise to control  values or  to values higher than controls  (Fig 
1) In the 8-32 c/sec f requency band an increase of  power  
took place shortly fol lowing 2, 4 and 16 tzg/kg, 32 and 64 
/zg/kg caused a drop of  power  values,  return to control  val- 
ues was observed  after 60 rain 

Antagonts tu  EJJe¢ ts oJ Naloxone  on L S D  

A small increase in theta waves  voltage accompanied  by a 
slight behavioral  exci tat ion was not iced after na loxone  1 
mg/kg LSD (32/zg/kg), adminis tered 5 rain after  naloxone,  
did not elicit the typical theta disruption Compute r ized  
analysis confirmed such data and ev idenced ,  after a transit- 
ory drop,  an increase of  7 c/sec power  and of  higher fre- 
quency  bands (8--32) 15 rain fol lowing LSD (mean of  4 
animals) (Fig 2) 

The same dose of  naloxone adminis tered 5 rain following 
32/zg/kg  of  L S D  brought back to normal the theta  rhythm 
(Fig 3) Computer ized  analysis conf i rmed this effect  both 
with reference to the 7 Hz and to the 8--32 Hz  f requency 
bands 

Antagomstt~ EfJe~ ts of PlopJanolol  on L S D  

Propranolol  (0 4 and 1 mg/kg) did not give rise to evident  
behavioral  or E E G  changes LSD (32/zg/kg) injected 10 rain 
fol lowing propranolol  did not alter  the theta rhythm under  
v~sual E E G  inspection in 4/4 animals pretreated with 0 4 
mg/kg of  propranolol  and in 2/2 pretreated with 1 mg/kg 
Compute r ized  analysis showed that the power  relative to 7 
c/sec f requency was remarkably  increased following pro- 
pranolol administrat ion and that such an increase was 
s t rengthened by LSD (Fig 4) Also the power  of  the higher 
EEG f requency bands,  not modified by propranolol ,  in- 
creased after administrat ion of  LSD On the o ther  hand the 
drug (up to 1 mg/kg) was ineffect ive on the theta disruption 
reduced by a previous reJection of  32/zg/kg of  L S D  

DISCUSSION 

LSD induces disruption o f  hlppocampal  theta waves  in 
the rabbit this phenomenon  is accompanied  by the disap- 
pearance of  the single pyramidal  cell act ivi ty recorded  with 
mlcroe lec t rodes  [2] A similar effect  on the E E G  and on 
single-unit activity was descr ibed for t ryptamlne [1,11] 
These  data suggest that the serotonlnerglc sys tem 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-lnduced  theta disruption indicates a 
possible involvement  of  the oplold system in the genesis  of  
these al terat ions This hypothesis  receives  confi rmat ion 
from clinical data (see Introduct ion)  and from the fact that 
the psychotomlmet lc  action reduced m man by opiate 
agonlsts such as pentazoclne ,  cyclazoclne ,  leval lorphan,  
cyclorphan can be also an tagomzed by na loxone  [8] 
Fer tz lger  and Fisher  [4] descr ibed an antagonism be tween  
naloxone and LSD in the rat, on the basis of  the "ana lges ic  
b l i ss"  observed  for LSD and other  ha l lucmogemc sub- 
stances,  these authors ment ion the possibility of  an interac- 
tion of  these drugs with the endorphlnerglc  system 

Several  data indicate that propranolol  is 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 essentml t remor  [15] The mech-  
anism of action underlying these activit ies is still obscure ,  
but theories about mode of  action of  this drug have been 
already advanced,  including /3-adrenerglc blockade,  cell 
membrane  stabilization, and 5-HT receptors  blocking action 
[ 12] Our data support  this last hypothesis  and confirm other  
results found in the li terature Propranolol  antagonizes the 
head twitches induced by 5-hydroxytryptophan m m~ce, or  
5-HT sleep in young chicken [17] Biochemical  investiga- 
tions have indicated that the potency of  propranolol  in block- 
lng 5-HT binding is equal or  greater  than its potency against 
LSD binding [3, 12, 13] This compet i t ive  antagonism toward 
c o m m o n  receptorlal  sites could be responsible for the pre- 
vent ion of  the E E G  effects induced by LSD H o w e v e r ,  it can 
be supposed that this compet i t ive  activity is not sufficiently 
strong to displace LSD once is already blnded to the recep- 
tor 
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