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THE CEREBRAL ELECTROGRAPHIC CHANGES INDUCED BY LSD

AND MESCALINE ARE CORRECTED BY FRENQUED '2

FRANCe RINALDP A_rD H. E. HIMWICH

LSD (d-lysergic acid diethylamide), an proper size to hold firmly coaxial electrodes
alkaloid derived from ergot, produces in were made in the skull. The surface of the
human subjects mental disturbances consist- stainless steel outer electrodes was in contact
ing of visual hallucinations and other psy- with the dura. The inner electrodes, made of
chotic symptoms. This phenomenon has been stainless steel needles covered with insulating
widely investigated because the LSD-evoked varnish except at the tip, penetrated the brain
symptoms are similar to those of schizo- for recording from subcortical structures.
phrenic patients (1, 8, 12, 20, 23, 31, 34, 42, Eight such electrodes were placed; the surface
44, 46, 47). Mescaline is another alkaloid electrodes recorded from the motor and
long known to produce hallucinations and limbic areas of both sides of the cortex, and
other psychological and somatic changes like the deep electrodes from the head of the
those caused by LSD (2, 23, 31, 34). LSD caudate nuclei and the medial thalamus.
affects the electrical activity of the brain of Another bipolar coaxial stimulating electrode
experimental animals and of human beings, of stainless steel with a distance of 2 ram.
diminishing or eliminating the slower rhythms, between the two bare tips was placed in the
increasing the average frequency, introducing medial reticular substance of the midbrain at
fast low voltage activity as well as causing a the level of the anterior quadrigeminal body.
general diminution of voltage (3, 5, 13, 14, .Xlethods and coordinates for the placement of
22). such electrodes were previously described

Frenquel (alpha-4-piperidyi benzhydrol by- (38). The intracerebral electrode tract and the
drochloride) is a new non-hypnotic drug that site corresponding to the tip of each sub-
renders animals less active (4) and is being cortical electrode were checked bv means of
applied in clinical psychiatry with promising serial sections of the whole brain according to
results in the treatment of some psychiatric the staining technique previously described
conditions (17, 41). Recently Fabing (17) (38).
reported that the psychotic symptomatology ('erebral electrical activity was recorded by
produced with LSD in human subjects could means of an 8 channel electroencephalograpbic
be corrected by the administration of Fren- instrument, Grass 1)-3; one channel being
quei. used for recording the ECG. A Grass stimu-

In our experiments on rabbits we studied later model S-4 was employed for electrical
the cerebral electrical activity of different stimulation of the midbrain reticular forma-
brain structures as modified by LSI) and tion. Parameters for stimulation of that
mescaline, as well as by the subsequent ad- formation and its effects on cerebral electrical
ministration of Frenquel. activity were described in detail in a previous

publication (38).
•_{ETIIODS The drugs employed in this study were as

All our exlreriments were performed in follows: d-lysergic acid diethylamide (LSD-
unanesthetized, curarized rabbits maintained 25) 0.1% _lution, Sandoz Chemical Works,
by artificial respiration, l:or recording the Inc.; alpha-4-piperidyl benzhvdrol hydro-
electrical activity of the brain, openings of a chloride (Frenquel), The _,Vm. S. Merrell Co.;

atropine sulfate 1.05_ solution; chondoden-
Frenquel is the trademark for azacyclonol of The droll tormelltosum extract, purilied (Itlto-Wm. S. Merrel C,_., Cincinnati, Ohio.

_. t Read before the Tenth Annual ,Meeting, S(*iety of costrin), 1". R. Squibb and Sons; nlesta]ine

BiologicalPsychiatry, (?hicago,June l1 12, 1955. sulfate, S. B. Pennick and ('o.; isotlnorophate
a l"ulbright Fellmv,on leave from the ('linic f_)rthe (Ill:P); d-, I-amphetamine sulfate, SmitlLl)i_a_,s of the Nerwms System of the l!niversity of

Cagliari, Cagliari, Italy. Kline and French; alplut-2-piperidyl benzhy-
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drol hydrochloride (Meratran), The Wm. S. cortical leads. Caudate and cortical activities

MerreU Co.; pentobarbital sodium (Nembu- are characterized also by low voltage fast
tal), Abbott Laboratories; Chlopromazine activity (20-30cps.).
hydrochloride (Thorazine), Smith, Kline and LSD was administered in progressively in-
French. creasing amounts from 1 to 60 gamma/kg.

All drugs were administered intravenously. With amounts of the drug between 1 and 5

RESULTS gamma/kg, an increasing facilitation of the
pattern of alerting responses was observed.

The control electrical activity of the brain Minimal accidental noises were sufficient to

of rabbits in our experimental conditions induce an alert record, and the threshold of
exhibited an alternation of two main patterns electrical stimulation of the reticular forma-

which are illustrated by the records in figure tion was slightly lowered. Larger doses be-
1. The left section of the record shows the tween 10 and 15 gamma/kg, enforced this
resting or sleeping pattern which is present as effect so that finally all features of sleep
long as the animal is left undisturbed and (slow waves and spindles)were abolished and
resting quietly. It consists of slow (1-3 cps.) the record exhibited only the characteristics
high voltage waves and spindles of 14 cps. of an enduring electrographic alertness (fig.
waves more prominent in the motor cortex. 2). This pattern persisted for a period of 11/'_
In the thalamus a 2-3 cps. activity appears hours. By the use of still larger doses of LSD
mixed with 6 cps. waves. An accidental or we observed a phenomenon which so far has
purposely-induced sensory stimulus such as remained unnoticed. Large amounts (20-60
sound, touch or pain, or an electrical stimula- gamma/kg.) reversed entirely the electro-
tion of the brainstem reticular formation graphic picture so that the slow waves and
breaks up the resting pattern, replacing it sleep spindles reappeared and persisted. With
by the alert one. In the record of figure 1 the these larger doses it was also observed that
alerting response (right section of the record) the production of the electrographic arousal
was elicited by direct electrical stimulation of required stronger sensory stimulation and
the midbrain reticular formation (unidirec- that the electrical threshold of the reticular

tional square pulses of a frequency of 300 formation was perceptibly increased. How-
cps., 2 milliseconds duration, an intensity of ever, no complete block of the alerting re-
1.5 v. for a period of 1.5 seconds). The alert sponse was ever observed even with the

pattern consists of a 7-4 cps. rhythm of administration of 100 gamma/kg., a dose
maximal amplitude in the leads from the given to 3 animals only.
medial thalamus, but is also apparent in the The administration of mescaline produced

gL8

Fro. I. Cerebral electrical activity of the curarized unanesthetized rabbit. The leads are (from the top tracing
to the bottom one): (I) right limbic cortex, (2) ECG, (3) right caudate nucleus, (4) left caudate nucleus, (5) right
motorcortex, (6) left motor cortex, (7) right thalamus, (8) left thalamus. (Seedescription in text.)
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FIG. 2. Effect of LSD (15 gamma/kg.) on the cerebral electrical activity of the rabbit. Notice the low voltage
fast activity in the motor cortex, the thalamic .4-6 cps. rhythm and the absence of high voltage slow waves and
of spindles. The leads are (from the top tracing to the bottom one) : (1) ECG, (2) right motor cortex, (3) left motor
cortex, (4) right limbic cortex, (5) left limbic cortex, (6) right thalamus, (7) left thalamus.

R VISUAL

ItN¢ MEE>C/_LINE _0 _lr/kf

MOTOR

L _oToR

R LI MBt(.

L LI IIBIC

ECG

. Fro. 3. Effect of mescaline (20 mg./kg.) on the cerebral electrical acti_.'ty of the rabbit. Notice the similarity
m mis picture with that induced by LSD (fig. 2). The leads are (from the top tracing to the bottom one)- (1)
fight v_i cortex, (2) right motor cortex, (3) left motor cortex, (4) _ht limbic cortex, (S) left iimbic cortex,
(6) ri_t4dt _e (bi_laO, (7) ECG.

changes similar to those of small doses of disappearance of the slow waves and spindles
LSD. Mescaline given intravenously in of sleep (fig. 3). Differently from LSD, no
amounts between 5-10 mg./kg, evoked an reversal of the alert pattern was observed
electrographic picture of alertness with the with still larger doses of mescaline.
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FzG.4. Correctionof the changesinducedby LSD in the cerebralelectricalactivity of the rabbit by the ad-
ministrationof Frenquel(indicatedin thefigureasgamrna-pipradrol).Notice therestorationof thespindlesand
slowwavestypical of the restingpattern.Leadsasin figure2.

As soon as the alerting effect of the hallu- amounts and with the same technique, as in
cinogenic drugs was fully developed, Frenquel the experiments with the hallucinogenic
was administered i.v. in progressively in- drugs, to animals which had received doses of
creasing doses from 1 to 30 mg./kg. It was DFP (0.2 mg./kg.), of amphetamine (10
observed that in amounts of 15-20 mg./kg, mg./kg.), or of Meratran (6 mg./kg.), suffi-
Frenquel corrected the electrographic changes cient to produce a permanent pattern of
induced by LSD (10-15 gamma/kg.), restor- alertness similar to that caused by the hal-
ing the spindles and slow waves (fig. 4). With lucinogens. But Frenquel in any dosage failed
somewhat larger amounts (15-25 mg./kg.) to correct or to modify the electrical picture
Frenquel also eliminated the alerting effect of induced either by DFP, amphetamine or
mescaline thus causing the sleep pattern to Meratran.
reappear (fig. 5). Previous work (4(I) showed that Frenquei

The action of hallucinogenic drugs in pro- alone, in the dosage with which it corrected
ducing an electrographic pattern of alertness the effects of hallucinogenic drugs, did not
is not a specific one. In fact a number of modify the spontaneous brain electrical ac-
drugs give rise to a similar phenomenon, tivity of unpremedicated animals, for it did
First will be listed cholinergic drugs, such as not enforce slow waves and spindles typical of
DFP, which stimulate specifically the meso- the resting pattern, nor prevent the alerting
diencephalic activating system, the structure response to physiological stimuli. Other drugs,
responsible for the production of the electrical unlike Frenquel, have the property of depress-
alerting responses (38, 39). Other drugs that ing the alerting mechanism and introducing
arouse electrical alertness are CNS stimulants the resting electrographic picture. First may

like amphetamine and Meratran (40). Because be listed atropine (38, 39) which specifically
of this lack of specificity for the changes paralyzes the mesodiencephalic activating
induced by LSD and by mescaline, it seemed system. ('hlorpromazine is another drug
necessary to determine whether the corrective which in small (loses acls on the brain elec-
action of Frenquel was also non-specific. We trical activity as does atropine (40). Bar-
therefore administered Frenquel in the same biturates, such as pentobarbital, also iml_)se



428 Franco Rinaldi and H. E. Himwich

V tSUAI-

r_SC^UN_._.o"-flk,g"
,,'eh

I_,, follo.,a _ '[.PIPRADROL IS"",_/_S

R l_oToR.

1 L novoR
LtMBIC

L LIMBI¢

R-LT.^L^nUS

EC6

Fzo. 5. Correction of the changes induced by mescaline in the cerebral electrical activity of the rabbit by the
administration of Frenquel (indicated in the figure as gamma-pipradrol). Notice the restoration of the spindles and
slow waves typical of the resting pattern. Leads as in figure 3.

the electrographic sleeping pattern (37). These the higher voltage components. A similar
three drugs in appropriate amounts eliminate phenomenon was observed in cats by Elkes
the picture of alertness produced either by and associates (14)who furthermore reported
DFP, amphetamine or Meratran. Similarly that in cats LSD completely abolished the
either atropine (3 mg./kg.), Chlorpromazine sleeping electroencephalographic features of

(3 mg./kg.) or pentobarbital (15 mg./kg, moderate barbiturate anesthesia (without
i.p.), administered after the hallucinogenic changing the behavioral anesthesia). Our ex-
drugs, corrected the pattern of alertness periments with LSD showed clearly that the

produced by LSD or mescaline, restored the flattening of the electrographic record was not
features of sleep and depressed the arousal due to a disappearance of cortical electrical
response to physiological stimuli, activity but rather to the long lasting pres-

Because LSD evoked a reversal in action ence of a pattern of alertness, practically
when passing from small to large doses, we indistinguishable from the normal one (fig. 2).
tested the influence of Frenquel after large Since the waves of the alert pattern are all of
doses of LSD. But after such doses of LSD as very low amplitude, at least in the cortico-
20-60 gamma/kg. Frenquel did not change gram, it is obvious that the immediate ira-
the cerebral electrographic pattern which pression is that LSD flattens the cortical
remained a resting one. record.

It is known that the disappearance of the
DISCUSSION slow rhythms of sleep and the introduction of

The alert electrographic pattern caused by the alert pattern are due to the activity of a
the hallucinogenic drugs in our experiments is brainstem mechanism with diffuse projection
concordant with the observations of other over the entire cortex, the mesodiencephalic
authors in animals and in man. Delay and activating system (MDAS), which includes
coworkers (13) observed in the rabbit that the brainstem reticular formation of Moruzzi
LSD pnaluced a flattening of the electro- and Magoun (32) and the thalamic diffuse
graphic record due to the disappearance of projection system of Jasper (24). The MDAS
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is excited physiologically by impulses coming workers (22) studied human volunteers aml
from collaterals of the sensory lemnisci and noted that LSD accelerated the alpha rhythm,
branching into the brainstem tegmentum, while decreasing its amplitude and regularity.
The excitation of the MDAS can also be pro- In addition low voltage fast rhythms similar
duced experimentally by direct electrical to the beta frequency appeared in the central
stimulation of the cephalad portion of the regions of the skull ami at limes became
brainstem reticular formation as in our ex- generalized. Bradley and coworkers (3)
periments. Following the stimulation of the studied the responsiveness of the alpha
MDAS a diffuse desynchronization of the rhythm to eyes opening and to light stimuli.
activity of the cerebral cortex occurs, wiping These authors found that normal human
off the slow rhythms of sleep and introducing volunteers who before the administration of

cortical fast low voltage and a 4-7 cps. tha- LSD exhibited poor or no responsiveness to
lamic rhythm (fig. 1). The desynchronization of eyes opening and to attention, that is to say
the corticogram is supposed to subserve the poor desynchronization, presented a ready
state of alertness and also to afford a back- desynchronization after LSD, together with a
ground of cortical activity or cortical tonus decrease in the amplitude of the alpha waves.
which probably is of importance in the regula- It is interesting to note the analogy be-
tion of the level of consciousness, awareness tween the EEG alterations induced by the
and mental activity. Many drugs can produce hallucinogenic substances and the records
electrographic patterns of alertness, and some often obtained from schizophrenic and other
of them stimulate the MDAS directly. Such a psychotic patients (6, 9, 10, 11, 15, 18, 19, 26,
direct effect has been established for the 27, 28, 29, 33, 35, 43). We refer to the
cholinergic drugs like DFP (38, 39). In the "choppy" rhythm and similar low voltage
case of the alertness evoked by such hallu- fast records accompanied by poor alpha
cinogenic drugs as LSD it is not known organization first described by Pauline Davis
whether a direct effect on the MDAS is in- (9, 10, 11). With Sulzbach she reported (11)
volved. In fact observations of Elkes et al. the effect of mescaline on the EE(; of normal
(14) cast a well-founded doubt upon this subjects and was struck by the similarity
hypothesis. They observed that LSD is between the choppy rhythm produced by
unable to desynchronize the cortical activity mescaline and the one observed in a number
in the "encephale isole" sleep pattern. This of schizophrenic patients. This rhythm oc-
suggests that the alert picture produced by curred simultaneously with the tmllucinalory

LSD in the normal animal is not due to a and catatonic symptomatology induced by
direct action as the MDAS but rather to an mescaline. The observations of Davis (11)
increased inflow of alerting stimuli to that are concordant with those of Chweitzer and

formation by a mechanism not yet deter- coworkers (5) and of Walter (48). However
mined, tn any case it remains a fact that in interesting these similarities are, it is difficult
the normal animal the activating mechanism to explain the correlation between the EEG
appears overactive with LSD in amounts changes induced by the hallucinogeqic drugs
from 5 to 15 gamma/kg., dosages comparable and the psychotic-like symptomatology. In
to those producing a psychotic-like state in addition to diffuse cerebral electrographic
man. The observations on the action of LSD modifications other effects of LSI) on in-

on the EEG of humans are also concordant dividual neuronal systems have been studied.
with tl_e findings in animals. Rinkel and co- Evarts and Marchall (16) have examined the

workers (42) observed mild electrographic effect of LSD on the post-synaplic potentials
:: changes due to the administration of LSD in in the lateral geniculale body evoked by
1 normal and psychotic patients consisting in an single shock stimulation of the optic ne_-e
i increase of a few cps. of the alpha frequency, and found that the transmission in the genicu-
: together with diminished responsiveness to late was markedly depressed by LSI) while

hyperpnea, which means interference with the the cortical response to stimulation of the
: production of slow high voltage waves char- optic radiation was not inhibited. Marrazzi
: acteristic of hyperpnea. (;astaut and co- (30) rep,_rted that both LSD and mescaline

i'

i
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depress the resl_mse of tile optic cortex to quel. Morc_ver there is some kind _f specilicity
transcallo._d stimulation. This depression is because I"renquel corrects the electrographic
;tttributed to synaptic inhibition which as- alertness i_lduced by the hallucinogenic drugs
signs the hallucinogenic drugs to the group of but not by I)FI', amphetamine or Meratran.
synaptic inhibitors. The central synaplic Very puzzling is the lack of antagonism
effects of I,SI) at varying doses on different observed in our studies between Frenquel and
neuronal systems have been studied by Meratran because Frenquel is chemically
Purpura (36). He found lirst of all an initial related to Meratran, the tirst being alpha-4-
facilitation with small amounts of I,SI), piperidyl benzhydrol hydrochloride and the
followed bv depression with larger ones. The latter being alpha-2-lfiperidyl benzhydrol
dose levels for these effects varied with the hydrochloride. The results of Brown and co-
type of s.vnapse studied. For instance the workers (4) showing that Frenquel can
facilitation was most prominent even with tranquilize animals rendered over-excited by
relatively large doses for the primary potential Meratran cannot be explained by antagonistic
of the visual area, while cortical resl_mse to effects on the MI)AS.
stimulation of cortico-cortical and transcal- In view of the fact that the administration

losal systems was inhibited at relatively low of hallucinogenic drugs renders the MI)AS
dose levels. The differences noted by Purpura functionally overactive, one would expect
between the effects of small and large doses of that the antagonizing action of Frenquel
LSD can be correlated with our observations should be due to a depression of the same
showing that the general pattern of cerebral system. We observed (40), however, that
electrographic activity was desynchronized Frenquel administered alone is not at all a
with small doses of LSi) while large doses of depressant of that system. For this reason
the same drug reverse this effect_ At this Frenquel does not correct conditions of lasting
point it is worth mentioning that very" large alertness produced by the other drugs.
doses of LSD do not produce an excited be- While the action of Frenquel seems specilic
havior in monkeys as small ones do, but in antagonizing the hallucinogenic drug effects,
instead produce sedation (45). other drugs, like atropine, barbiturates and

Purpura (36) reported that the recruiting probably ('hlorpromazine, act non-specitically.
cortical resl_mses from stimulation of midline These three drugs are depressants of the
unspecific thalamic nuclei, after an initial MI)AS and correct an electrographic alertness
facilitation, are inhibited by I,SI). We know no matter how produced, whether by the
that the electrographic alerting and the re- hallucinogenic agents or by any other means.
cruiting resl_mses are competitive, for it is This explains, for instance, the resuhs of
impossible or difficult to evoke recruitment (;astaut and coworkers (22) who observed

while an alerting effect is taking place (25). that the administration of Ihiopental could
This competition is l_robably due to the fact correct the electrographic l,SI)-induced

that recruiting and alerting resl_mSCS are changes. Since lhiopental is a short-acting
mediated through the ,same diffuse thalamo- barbiturate these authors could also observe
cortical system. For this reason one wonders the reappearance of the LSI) effect after that
whether the long lasting alert eleclrographic of thiopental had vanished.
pattern produced by LSI) could be responsible A suggesti_ln for the mechanism of action of

for the apparent inhibition of the recruiting Frenquel in correcting the electrographic
resl_mses, effects of hallucinogens can be sought in recent

We have observed that Frenquel can correct I_harmac_logical data on the mode of action
the eleclrographic changes ew_ked by I,SI) of 1,SI). It was found I)y (;addum and Ilameed
and by mescaline. This fact, Io_,elher with the (21) thai I,SI) antagonizes the action of

observalions of Fairing (17) thal I"rcnqucl scrc)l_lnin _m the rat ulerns. This antagonism
cures the l_sychotic manifeslali,ms f,_llu_ving is uf the type usualh" described as rect, ptor
I,SI9 adnlinistralion, seems t. indicate an blockade: I,SI)conflfines with tilt, recept.rsof
al_lmrenl anlag<mism belwt,t.n lhe ct'nlral ser_lhmin thereby bhwking Iheir reaclion wilh
a_lion _Jf Ihe hallu_inogelfic drugs and I"ren- serolonin. In our laboralcwv ('-sla (71 has
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studied the effect of .several drugs on the 4. These observalions are |entatively ex-
serolonin-induced contraclions of the rat's plained on Ihe basis of .ur pharmacological
uterus. He confirmed the observations of dala and Ihose of olhers. The produclion of
Gaddum and Hameed (21) lhal LSI) inhibits electrographic alertness by Ihe hallucinogenic
serotonin, but he also demonstraled thai LSI), drugs and their psychologcnic effecl are
in concentrations lower than the inhibiling atlributed to a serolonin-facilitating properly.
ones, faci]itales the aclion of serolonin. ('osla The correclion of the electrographlc l.SI)- or
(7) also found that mescaline, in pharma- mescaline-induced abnormalities by the use of
cologically significant concentrations, always Frenquel is allributed Io lhe serotonin-
augments the serotonin-induced uterine con- inhibiling properlies of lhal drug.
tractions, while Frenquel, as well as the other
tranquilizing drugs Reserpine and Chlorl)roma- BHH.IOGRAI'IIV
zine, inhibits serotonin. 1. Abranlson,H. A., Jarvik, M. F'., Kaufinan, M. R.,

Kornetsky, (7., i,evine, A., and Wagner, M.:
On the basis of these findings we may Lysergicacid diethylamide (LSD-25): I. l'hysi-

attribute the electrographic alerting effect of ological and perceptual responses. J. Psychol.,
mescaline and of small doses of LSD to a 30:3 (x), 1955.

2. Beringer, K.: Der Mezcalinrausch.Berlin: Springer,
serotonin-facilitating mechanism. An inhibition 1927.
of serotonin can be held responsible for the 3. Bradley, P. B., Flkes, C., anti Flkes, J.: On some ef-
ability of Frenquel and of large doses of LSD fects of lysergic acid diethylamide (LSI) 25) innormal volunteers. J. Physiol., lgl: 50P 51P,
to correct the electrographic changes. This 1953.
interpretation is entirely hypothetical because 4. Brown, B. B., Feldman, R., and Braun, D. L.:

Pharmacologic studies of an LSD antagonist,
the importance of serotonin in the function of 4-piperidyl diphenyl carl,inol hydrochloride.
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