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Fig. 1A and B. Cross tolerance between equipotent analgesfc doses 
of morphine (10 pg/kg) and mescaline (100 gg/kg) injected intra- 
cerebroventricularly into rabbit. Histograms indicate pain thresh- 
olds, expressed in volts. (Mean of peak effect _+_ S.E., of groups of 
8 animals.) (A) At 5th day no significant difference (P > 0.05) among 
mean responses of animals treated with saline (open columns) or 
morphine (closed columns), or mescaline after morphine (dotted 
column). (B) At 5th day no significant difference (P > 0.05) among 
mean responses of animals treated with saline (open columns) or 
mescaline (hatched columns), or morphine after mescaline 
(checkered column) 

ularly in a constant volume of 50 til respectively to 2 different 
groups of 8 rabbits, once daily for 5 days. Single injections of the 
above doses of antinociceptive agents were approximately equi- 
potent in the licking reaction test. On the fifth day, rabbits 
pretreated with mescaline were given 10 p.g/kg morphine intra- 
ventricularly while the morphine-treated animals received 100 gg/kg 
mescaline. 

RESULTS 

Figure 1 (A and B) shows, first of all, that tolerance 
develops to the antinociceptive effect of mescaline as 
well as of morphine, during 5 days' treatment. A clear- 
cut cross tolerance is also detectable between morphine 
and mescaline: rabbits pretreated with mescaline 
when challenged with morphine exhibit a response to 
the nociceptive stimulus equal in intensity to that of 
animals treated for 5 days with morphine, and vice 
versa. 

The pattern of electrogenesis in the area of t h e  
nucleus caudatus after acute or chronic administration 
of mescaline is illustrated in Figures 4 and 5 in the 

paper of Ferri et al., 1976. They also describe the 
patterns in the other areas recorded. 

Shortly after the first mescaline injection the EEG 
resting pattern changes to one consisting of decreased 
voltage and fast waves; then the voltage amplitude 
returns to initial levels which are subsequently sur- 
passed (Fig.4 in Ferri et al., 1976). With repeated 
daily intraventricular injections of 100 gg/kg of mesca- 
line, the time required for the recovery of the basic 
voltage progressively increases: the height of the 
tracing reaches its original levels only after 8 0 -  90 rain 
and the phase of high voltage gradually disappears 
(Fig. 5 in Ferri et al., 1976). 

DISCUSSION 

The findings of the present investigation provide clear 
evidence for the possibility of a cross tolerance be- 
tween a narcotic drug, morphine, and a hallucinogen, 
mescaline, as far as a specific pharmacologic activity 
is concerned. Besides antinociception and tolerance 
development to this effect, other similarities between 

morphine and mescaline emerge, even on a sympto- 
matologic level: the administration of the narcotic 
directly into the brain ventricle induces, at least in the 
rat, behavioral depression, stupor (Khazan and Cola- 
santi, 1971), and, with increased dosage, a catatonic- 
like posture alternating with periodic restlessness 
(Ferri et al., 1974)-thus a symptomatology similar 
to that already described for the hallucinogenic drug 
intraventricularly injected (Ferri et al., 1976). This 
complex of data would lead us to believe that there is 
a convergence of mescaline and morphine, as far as 
certain pharmacologic effects are concerned, in the 
same brain periventricular areas. However, the study 
of the changes in the electrical activity of the rabbit 
brain induced by mescaline and morphine respectively 
does not seem to give further support to this hypo- 
thesis. The electrical brain recording indicates discre- 
pancy between the dual effect of mescaline (Fig. 5 in 
Ferri et al., 1976) and the dual effect of morphine on 
the EEG. In this respect, a single intraventricular dose 
of mescaline initially produces arousal patterns, as also 
described elsewhere (Takio and Himwich, 1965) and 
then a phase follows of progressively higher voltage. 
On the contrary, an intraventricular injection of mor- 
phine, in the rabbit as well as in the rat, initially pro- 
duces EEG changes with high waves predominating, 
claimed to be characteristic of sleep, followed by 
persistent activation of the pattern (Navarro and 
Elliott, 1971; Khazan and Colasanti, 1971). For both 
drugs analgesia occurs shortly after administration, 
that is, in the first phase of EEG changes. There is 
good reason to doubt, however, that the EEG respon- 
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ses are correlated with nociception.  Recent  work  by 
Oliverio (1975) points  out  this dissociation and 
correlates the E E G  morphine  responses more  to the 
behavioral  effects, at least in mice, than to the 
analgesia. On  the other  hand,  the appearance  o f  high 
voltage waves on the E E G  following morphine  would  
not  actually represent a sleeplike activity o f  the CNS 
but  rather  a par t  o f  a dose-related con t inuum of  an 
excitatory state ( N a k a m u r a  and Winters,  1973). That  
morph ine  induces a con t inuum of  C N S  excitation is 
also suggested by Pinto Cor r a do  and L o n g o  (1965). 

The disappearance o f  the E E G  biphasic effect in 
the rabbit  treated for  5 days with mescaline could be 
interpreted as a development  o f  a tolerance, but  only 
a partial  one. This p h e n o m e n o n  recalls the desensiti- 
zat ion o f  mescaline to the excitatory effect obtained in 
single cortical neurons  after repeated or  pro longed 
exposure to the drug (Bevan et al., 1974). In  our  
experiments the normal iza t ion  o f  the E E G  tracing is 
not  as complete  as that  described following chronic 
t reatment  with morphine ,  perhaps because the period 
o f  t reatment  was too short. In  fact as far as the narcot ic  
is concerned,  a tolerance, shown by a re turn o f  E E G  
voltage to normal  ampli tude,  develops in 8 - 1 5  days 
o f  t reatment  ( N a k a m u r a  and Winters,  1973). 

It  would  be useful, therefore, to p ro long  the period 
o f  adminis t ra t ion in the case o f  mescaline as well, to 
arrive at a better unders tanding  of  the pat terns under-  
lying its pharmaco log ic  effects. 

Ano the r  approach  to the problem might  be the 
discovery o f  c o m m o n  biochemical  pat terns for mor-  
phine and mescaline. It  is well known,  in fact, that  
certain effects o f  morphine ,  including analgesia and 
tolerance development ,  m a y  be correlated to the levels 
and turnover  o f  neurotransmit ters  (Way and Shen, 
1971). A similar relationship could therefore be 
postulated for  mescaline as well. 

This work was supported by a grant from the F. Serpero Founda- 
tion, Milan. 

R E F E R E N C E S  

Bevan, P., Bradshaw, C. M., Roberts, M. H. T., Szabadi, E.: The 
effect of microelectrophoretically applied mescaline on cortical 
neurons. Neuropharmacology 13, 1033-1045 (1974) 

Cheymol, J., Montagne, R., Paeile, C., Dalion, J., Duteil, J. : Con- 
tribution au test de la stimulation 61ectrique de la dent du Lapin 
pour l'6tude exp~rimentale des analg6siques. Th~rapie 14, 
350- 360 (1953) 

Feldberg, W., Sherwood, S. L.: A permanent cannula for intra- 
ventricular injections in cats. J. Physiol. (Lond.) 120, 3 -4P  
(1953) 

Ferri, S., Santagostino, A., Braga, P. C. : Development of tolerance 
to the antinociceptive effect of mescaline intraventricuIarly 
administered to rabbits. Psychopharmacology C5[][5 (1976) 

Ferri, S., Santagostino, A., Sala, M., Parolaro, D. : Cinetica dell'- 
attivitfi analgesica, della tolleranza e della dipendenza alla 
somministrazione intraventricolare della morfina nel ratto. 
Riv. Farmacol. Ter. 5, 169--178 (1974) 

Kazan, N., Colasanti, B. : Differential pharmacodynamics of mor- 
phine injection in naive and post-addict rats: EEG correlates. 
Committee on problems of drug dependence. Nat. Acad. Sci. I, 
713-723 (1971) 

Monnier, M., Gangloff, H. : Atlas for stereotaxic brain research 
on the conscious rabbit. Amsterdam: Elsevier 1961 

Nakamura, J., Winters, W. D. : Attenuation of the morphine EEG 
continuum following a repeat dose within 16 days: delayed 
tolerance in the rat. Neuropharmacology 12, 607-617 (1973) 

Navarro, G,  Elliott, H. W. : The effects of morphine, morphinone 
and thebaine on the EEG and behavior of rabbits and cats. 
Neuropharmacology 10, 367-377 (1971) 

Oliverio, A. : Genotype-dependent electroencephalographic, behav- 
ioral and analgesic correlates of morphine: an analysis in 
normal mice and in mice with septal lesions. Brain Res. 83, 
135-141 (1975) 

Pinto Corrado, A., Longo, V. G. : An electrophysiological analysis 
of the convulsant action of morphine, codeine and thebaine. 
Arch. int. Pharmacodyn. 132, 255-259 (196l) 

Steel, G. D., Torrie, J. H. : Principies and procedures of statistics. 
London: McGraw-Hill 1960 

Takio, Y., Himwich, H.: Mescaline, 3,4-dimethoxy-phenylethyl- 
amine and adrenaline: Sites of electroencephalographic arousal. 
Science I50, 1309-- i310 (1965) 

Way, L. E., Shen, F. H. : The effects of narcotic analgesic drugs on 
specific systems. Catecholamines and 5-hydroxytryptamine. 
In: Narcotic drugs biochemical pharmacology (D. H. Cluet, ed.), 
pp. 229--250. New York-London: Plenum Press 1971 

Reeeived November 12, 1975 


	Page1



