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BIOLOGICAL CHANGES IN MAN FOLLOWING INTRAVENOUS
ADMINISTRATION OF MESCALINE

PIERRE DENIKER, M.D.

This report concerns a research investiga-
tion carried out under the supervision of
Professor Jean Delay, in collaboration with
Drs. M. Raclot, J. Thuillier, and M. Ropert.
Its main purpose was to study the biological
reactions to intravenous mescaline, of which
little is known. Renewal of interest during
the last few years in the hallucinogens, or
“psychosomimetic” compounds, has been con-
cerned particularly with the psychological
aspects. Mescaline and LSD have been used
experimentally to create psychopathological
states comparable to some psychotic dis-
turbances. The ability of various substances to

reverse these states has confirmed, in addition,
the therapeutic effectiveness of chlorproma-
zine. “Psychosomimetic” compounds have
been used therapeutically as an aid in accelera-
ting psychoanalytic therapy.

It was felt useful to determine if mescaline,
besides its specific psychodynamic properties,
could bring about any biological reactions
similar to those described in connection with
shock or stress reactions. This would be of
importance in the interpretation of various
therapeutic results,

Hefiter (1), who isolated the drug in 1894,
initiated biological research with mescaline.
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The most interesting recent studies have been
those related to the search for mescaline
antagonists. Quastel and Wheatley (2) in their
work on the “cerveau isole” and Schueler (3)
with in vive studies demonstrated the action of
sodium succinate. This has been confirmed by
Delay et al. (4). Hoch (3) reported that the
combination of amytal-methedrine gave excel-
lent results in blocking the mescaline-induced
state, The amphetamines apparently act on the
perceptual disturbances. Some barbiturates,
such as sodium amytal or pentothal, seem to
have a sedative action on the mescaline-
induced state.

The neuroleptics have been among the more
recent mescaline antagonists studied. Clinical
studies and electroencephalographic observa-
tions by various authors (3-8) have con-
firmed that chlorpromazine can counteract the
mescaline intoxication with its attendant auto-
nomic disturbances. Reserpine (3) acts in the
same way but more weakly. Frenquel has a
similar property according to Rinaldi and
Himwich (9).

We have been able to demonstrate experi-
mentally (10) that chlorpromazine can block
the action of mescaline. The rise in blood pres-
sure brought about by the intravenous injec-
tion of mescaline in the rabbit is prevented by
premedication with chlorpromazine.

AMETHOD

Thirty-seven patients were studied while
hospitalized at the University Psychiatric
Clinic (Clinique St. Anne) in Paris. Mescaline
hydrochloride was injected intravenously (10
mg. of mescaline base per kilo of body weight)
at the rate of 2 cc. per minute. The patient
was fasting, lying in bed, in a quiet room. Only
the physician was present. Various tests were
performed routinely immediately before the
injection, ten minutes afterwards, at one-half
hour, one hour, two hours and four hours.
The different measurements of autonomic
nervous system reactivity were made at the
same time and then every three hours until the
twenty-fourth hour. The experimental mescal-
ine state was either allowed to follow its nor-
mal course towards complete resolution within
24 hours, or was interrupted by the intra-
muscular injection of 50 mg. of chlorpromazine
one or two hours after the injection of mesca-
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line. Finally, we were able to record electro-
encephalograms in 10 patients while under the
effects of mescaline. Polygraphic recordings
were made in some cases. Twenty-five of 37
patients were systematically studied following
the intravenous administration of mescaline.

ResuLts
1. Neurovegetative symptoms

These are the first signs of mescaline intoxi-
cation; a fact already noted heretofore.
Nausea with or without vomiting may appear
immediately following the injection. In most
cases it stops within the first hour. With some
patients nausea continues but disappears after
the administration of chlorpromazine. The
patients begin to perspire almost immediately.
Mydriasis develops fairly quickly, either in the
course of the injection or within 10 minutes,
and lasts about 24 hours. The vasomotor
phenomena occur very early. An unusually
intense but temporary congestion of the face
appears during the injection, decreases progres-
sively, and disappears during the first half-
hour. It is replaced by a more or less intensely
pale facies. A symmetrical acrocyanosis of the
upper and lower extremities is noted during the
first 10 minutes, and lasts from one to several
hours. Finally, a generalized tremor appears by
the second hour. It is often severe, partially
under voluntary control. It stops spon-
taneously after several hours, but is abolished
by the injection of chlorpromazine.

Pulse and blood pressure gave rather uniform
data with the various subjects and even with
one individual after repeated trials. The pulse
rate increased in all patients, sometimes as
soon as the injection was completed. It pro-
gressively increased most often during the
first half-hour. The average increase was 28
beats per minute. The pulse rate remained
stationary until the fourth or fifth hour after
the injection, and then decreased to its initial
level after the twenty-fourth hour. In 21 of 25
patients, mescaline increased the systolic and
diastolic blood pressure from one to five centi-
meters of mercury. The blood pressure began
to increase within 20 minutes following the
injection, reached a maximum within the first
hour and often remained at this level until the
fourth hour. It then decreased progressively
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until the twenty-fourth hour, and returned to
the initial or slightly lower levels.

The temperature showed rather consistent
variations, Hypothermia was generally ob-
served during the first hours, with a fall as low
as 97.2°F. There was a rapid shift at the fourth
hour in the direction of moderate hyper-
thermia, reaching and sometimes going above
100.4°F.

The respiralory amplitude and frequency
increased leading to an intense polypnea. The
amplitude was always increased, at least during
the first hour. The frequency increased from
three to five respiratory movements per minute
during the first hour, and usually returned to
basal levels after the second hour.

As soon as the pulse accelerated, the oculo-
cardiac reflex could no longer be elicited.

2. Chemical determinations

(a) The blood sugar (table 1) showed a rather
consistent elevation during the first 10 minutes
after the intravenous injection of mescaline.
Tt reached a maximum after 30 to 60 minutes
had elapsed and returned to the initial level
between two and four hours. The blood sugar

TABLE I.—Broop Stcar—({MG. )

Before After Mescaline
Patients - Mescaline | e .

{  In I 10 min. 30 min. ! 1 hour | 2 hours
MON | 0.80 | 1.10 | 1.25 11,25 1.25
RAT | 0,92 | 1.13 | 1.3¢ '1.341.34
MAL | 1.06 | 1.13 | 1.20 :1.20 1.15
BAC | 0.90 1.06 ' 1.06 @ 1.10 0.84
CHA | 1.00 | 1.10 ! 1.25 | 1.25 1.05
SZE | 0.93 | 0.93 | 1.13  0.93 1.01
PRO | 0.94 | 1.04 | 1.27 4 1.90'] 1.77
LEC | 0.97 | 0.97 | 097 '1.06,1.06
RIG | 1.00 | 1.10 - 1.19  1.01 ' 1,01
RUG 1.06 | 1.17  1.20 ! 1.481.20
MTS 1.01 | 1.10 | 1.27 | 1.16 ' 1.10
NAK | 0.93 1,19 ' 1.27 |1.22%1.01
WUL | 1.01 1.27 | 1.48 |1.34]1.18
HER 1.06  1.34 | 1.19 | 1.19 1,01
ARN 0.92 , 1.04 | 1.31 |1.17:1.02
HOM 0.82 | 1.02 | 1.16 |1.16 | 0.94
FER 1.01 | 113 113 | 1.34 1.34
IEG 094  0.94 | 1.16 1.16] 1.10
NED 0.84 | 1.06 | 1.17 |1.17 | 0.99

B esell | i

The first three patients received 50 mg. of intramus-
cular chlorpromazine after the 60-minute blood
sample was taken.
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TABLE 2.—Broon PoTassicM—(MEQ./LITER)

= ==

Patlents Before M. After mescaline

caline Inj. e e Sy ———
| 10 min. St}min.! 1 hour | 2 hours
MON | 0.195  10.181 [0.162 10.162 |0.150
RAT 0.180 0.168 0.163 ‘0.150 10.158
MAL 0.204 0.204 0.192 10.192 l0.170
BAC 0.168  10.136 '0.144 |0.150 !0,160
CHA | Hemolyzed 10.130 10.120 10.120 |0.140
SZE 0.192  [0.180 0.192 10.198 10.192
PRO 0.180 10.168 .0.130 10.146 10.136
LEC 0.192  10.184 0.184 10.171 [0.177
RIG 0.210  0.190 [0.180 (0.190 |0.194
RIG 0.204 0.189 0,186 ‘0.180 0.186
RUG 0.186  0.180 0.168 0.168 0.174
AIIS 0.204 10.196 0.174 |0.170 |0.189
NAK 0.196 0.186 ‘0.180 0,189 | s
WUL 0.198  0.180 [0.174 (0.174 ‘u.m
RIB 0.192  10.172 0.168 0.168 |0.180
HER 0.192  0.180 — [0.186 (0,186
ARN 0.192  0.180 |0.172 |0.172 10.172
HOM  0.186 0.174 ‘0.1@2 0.162 | —
FER 0.198  0.180 [0.178 0.174 |0.180
JEG 0.192  10.192 10.186 10.180 |0.162
NED 0.190 | — 10.168 !0.168 0.178

!

The first three patients received 50 mg. of intra-
muscular chlorpromazine after the 60-minute blood
samples were drawn.

increased 33 mg. per cent (average of 19
patients). Since the averge initial blood sugar
was 94 mg. per cent, this would correspond to a
change of 35.1 per cent from the average initial
value.

(b) Blood polassium (table 2). There was a
consistent decrease within the first 10 minutes
after the injection of mescaline. The potassium
reached its lowest point between 30 and 60
minutes afterwards and had not returned to
the initial levels by the second hour. The
average decrease of potassium (milliequiva-
lents) was 0.51 meq. per liter. The initial
average value was 4.93 meq. per liter. This
corresponded to a change of 12.3 per cent.

(c) The determination of sodium and
chloride (intracellular and plasma), as well as
proteins, did not disclose any appreciable
variations during our experimental investiga-
tions.

(d) Urine (table 3). An increased urinary
excretion of the total 17-ketosteroids, aver-
aging 4.7 mg., was found in 10 of 16 patients
during the 24-hour post-mescaline period. The
initial average value was 11.1 mg., and the
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average change was 42.3 per cent. Excretion
during the 24 hours was decreased by an aver-
age of 2.7 mg. in six cases.

TABLE 3.—CuaxcEs v 24-Hovr URmvary
17-KETOSTEROID EXCRETION (MG.)

Patients Before Mescaline | After Mescaline
— - — ] . |
MON 25.8 23.0
RAT 6.1 18.4
MAL , 9.0 10.6
BAC ! 14.5 12.7
SZE | 12.0 { 15.0
PRO ; 13.0 | 18.4
ABA : 4.2 ; 19.2
BRA 11.5 ' 1.2
LEC 17.8 . 20.2
MIS 6.8 ; 7.0
NAK 10.3 ! 8.8
ARN 10.0 i 5.2
GAU 13.4 | 16.0
NED 55 | 10.0
HRA 8.7 | 9.3
HAV 10.3 g 10.2

\

TABLE 4.—CuaxcEs 1¥ LEukocyte Covxr

Before | After Mescaline
Mescal-
ine Inj.

Patients

10 min.; 30 min. |1 hour ;2 hours 4 hours

12,000 9,000 —

MOX | 9,40018,400 — |

RAT | 9,400/ 9,100, 9,500 13,800/19,700 —
MAL |11,000/17,000/ 13,900 |10,700/22,100

i i E !
BAC | 6,700, 8,900 Coagu- (12,100] — 18,700

| | lated | i
CHA [10,300 11,800, 16,400 |11,900 17, 500,20, 200
SZE | 8,70010,900, 9,900 |12,900'12,700/16,600
PRO |15,600,22,700 18,000 |17,600/26.400/24.200
LEC | 5,800 5,400, 6,100  7,000/13,200| 9.100
RUG | 7,400115,000 14,900 14,800/14,800/18, 100
RIB | 7,800/10,000 10,800 11,300/14,800|14,800
HRA | 6,300 6.900, 7,100 ' 6‘300! 6,800 6,300
NED | 4,400, — — | 4,600 — |13,500
HER | 8,000, — | — |8400 — [15,000
JEG | 7,600 — — | 8,400 — (13,600
HOM | 8,700 — — 10,0000 — !12,400
GAU | 5,500l — ! — | 6.500 — |14,900
MAL 11,7000 — — 12,900 — 115,700
(2nd | | ! l !
test) f ; | |
HOM | 8,900 — | — | 8,800 -— [11,400
(2nd r ! ‘
test) | i
HAV | 6,900 — | — !12,800i — |19,200

The first three patients received 30 mg. of intra-
muscular chlorpromazine after the 60-minute blood
samples were drawn.
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TABLE 5.—EosmwopaiLE COUNT

| After Mescaline

Patients i Before !

atients Mescaline ! = T T e————
[ Inj. |10 0l [.a |
| min. | min. | hour | hours [hours
MON | 271 (243 | — | 219 136 | —

RAT | 131 | 135 | 162 | 156 | a4 |
MAL | 156 ‘ 141 | 117 { 126 | 36 l o

. [

BAC | 109 | 107 | — E 92 18
CHA | 236 233|160 1155 33| 7
SZE | o4 | 62| 61| 45| 30| 5
PRO | 518 | 332639 | 557 | 252 | 18
LEC | 108 | 106 | 82| 45| 26| 7
RCG 140 | 206 | 195|203 | 36| 15
RIB 163 180 | 157 {132 | 47 | 3
HRA = 39 ‘ 31| 27| 31| 38|35
NED | 124 |— | — 741 — | 3
HER | 112 — fo— | 674 — 5
JEG 80 o= b gl i d 3
BHOM 167 - — 155, — | 6
GAU | 2;2 | — |- 122{— | 6
MAL (2nd | 111 | — — | 311 38|33

test_‘ ! i
HOM (2nd 125 '— — 128/ — | 6

test) ! |
HAV 174 —  — 122 — 8

The first three patients received 30 mg. of intra-
muscular chlorpromazine after the 60-minute blood
samples were drawn.

3. Hematologic changes (table 4)

All patients showed a marked leukocytosis
reaching its highest level between the second
and fourth hours. This was followed by a slow
decline to basal levels at the twenty-fourth
hour. The initial average value was 8,400. The
average increase was 8,000. This represented
a 95 per cent change from the initial Jevels,

Eosinophile count (table 35). The sharp
eosinophile fall (Thorn test) was most marked
at the fourth hour, and still present at 24
hours. The initial average value was 164. The
average fall was 133 eosinophiles. This was
equivalent toa change of 94.3 per cent from the
initial levels.

4. Electroencephalographic observations

G. Verdeaux (1930) found that with oral
mescaline the alpha rhythm was blocked at
the moment hallucinations occurred. This is a
fairly common phenomenon and is probably
due to the attention set.

Electroencephalographic observations were
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made on 10 patients in this study following the
intravenous injection of mescaline. The wave
forms were fairly flat; probably the result of a
persistent blocking effect. This could have
resulted from a more intense reaction due to the
intravenous mescaline. The flattened record
with disappearance of alpha activity made im-
possible any correlation with psychosensory
phenomena.

5. Polygraphic studies

Three patients with an excellent alpha
per cent time were studied with the polygraph.
This test was run with the patient at rest,
listening to music, or being questioned. In spite
of fairly strong reactions, there were no real
changes of the psychogalvanic reflex. Cardiac
and respiratory rhythms were usually normal.
Comparison of variations in the psychogal-
vanic reflex with those of alpha activity was
found not to be significant. The polygraphic
studies showed the emotional reactions to be
insignificant in spite of alpha blocking.

Discussiox

Our data may be interpreted in various
ways. It would seem that some of the autono-
mic symptoms are characteristic of mescaline
itself. These are the early and persistent
mydriasis, immediate and generalized sweat-
ing, acrocyanosis, nausea and vomiting. The
latter are very rarely absent. Symptoms like
polypnea and tremor are difficult to interpret.
It is probable that they result from a specific
action of the drug and are accentuated by the
psychological state of the patient.

Finally, the constant modification of pulse,
arterial blood pressure and temperature may be
linked to the organic stress reactions. This
concept can be substantiated by the unequiv-
ocal and significant modification of body
fluids in some patients (hyperglycemia, fall in
blood potassium, leukocytosis with eosino-
penia). These variations were always in the
same direction and usually significant. The
interpretation of data on the excretion of 17-
ketosteroids is difficult. The technical problems
inherent in these determinations are well
known, and obtaining 24-hour urine specimens
in a psychiatric service is most difficult,
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Coxcrusions

1. Some biological constants that we have
studied are consistently modified in the same
direction. Many of these changes were char-
acteristic of the mescaline-induced state.

2. There was a constant increase in blood
sugar, a persistent fall in blood potassium, a
marked leukocytosis with an equally abrupt
fall of the eosinophiles. The increase in 17-
ketosteroids was inconstant.

3. These results seem to suggest a general
bodily response to external stress. In this
particular case, we suggest use of the term
“mescaline shock”, This concept would have to
be considered in evaluating the various thera-
peutic results that have been reported.

4. In studying the mechanism of the mescal-
ine stress reactions it is not possible at this
time tc differentiate the latter from the psycho-
logical stress precipitated by the intravenously
injected drug.
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