


involves fewer technical n_nipulations, the error was smaller than that for either of the spec-

ific constituents; the mean concentration was 15. 3j_g and the standard deviation was 1.7, rep-
resening a relative error of 11%.

Effect of Mescaline and LSD-25

HISTORICAL BACKGROUND. -- In 1953 IAddell and Well-Malherbe 27 report_! the

effects of intravenous administration of d-desoxyephedrine hydrochloride (Methedrine), 40 to
60 rag., and d-lysergic acid diethylamide * (I_D-25), 40 to 60 rag., on the mental processes
mad on the concentration of epinephrine - like substance 27 in the blood of a group of patients
with mental disorders. After a brief initial period of relaxation, one of the drugs was admin-
istered; thereafter the symptoms and the clinical picture became accentuated. The same re-
curred when the other drug was administered. In the doses used, Methedrine seemed more
effective than LKD-25 in increasing tension, in apparently causing cataleptic phenomena and
abreaction and in uncovering delusional material. Also, when Methedrine was given to
_zophrenic patients, hallucinations appeared more rapidly than when LSD-25 was used.
/naOmnta oe_,trrod frequently after use of Methedrine but rapid swings of mood, with predom-
immt euphoria, were noted only after the use of LSD-25. Similarities of changes in concentra-

of epinaphrine-ltke substance were observed after administration of the drugs. For ex-
ample, after administration of Methedrine the concentration of epinephrine-like substance
usually increased promptly and then decreased to less than the control value; later there was
a slight seoondLry increase to more than the control value. Some of the patients who received
Metimdrine, however, did not give evidence of initial increase in concentration of epinephrine-

substance but, rather, of decrease followed by increase. Both of these patterns of
change in concentration were observed after intrav_o_m administration of LSD-25 but, when
this drug was used, the changes occurred more rapidly than when Methedrine was given.

L_D-25 wg8 administered orally to three patients, only the initial rise, followed by a
fall aml • secondary rise in concentration of epinephrlme-like substance, was observed. The
rate of damap in concentration was much more gradual after oral than after intravenous
_tion. After the use of Methedrine, hyperglycemia was noted only when the concen-
tratkm of epinephrine-like substance was initially increased; no particularly significant rise
in _m_mtration of blood sugar was noted after use of LSD-25.

We were interested in the changes in concentration of plasma pressor amines that
JoUow admintstraUcm to normal subjects of mescaline and I_D-25, as compared with
corresponding e_,_es when the patients who received the drugs had mental disorders. A
difference in the pattern of change between these two groups might demonstrate derangement
of physiochemical responsiveness of patients with certain mental disorders.

PROCEDURE. -- Samples of venous blood were obtained from fasting, healthy, male
volunteers (all physicians) after an initial period of 20 to 30 minutes at rest. Immediately
thereafter they were given, orally, either 400 rag. of mescaline or 50_g. of I_D-25"*.
Samples again were obtained from the antecubital vein approximately 1/2 hour and 1 and 2
hours after the subjec£s had received the drugs. For greater accuracy, duplicate determina-
tions of epinephrine-like substance were made of all samples except those drawn 1 hour after
administration of the drugs. Both epinephrine and norepinephrine were quantitated in the
smmples obtained 1 hour after administration of the drugs. Blood pressure and pulse rate
were determined repeatedly. The subjects were requested to remain seated during the period
of observation when physiologic and electroencephlagrophic changes were recorded. In
addition, the reversibility of the induced psychoses by administration of chlorpromazine was

* Herein also called only lysergic acid diethylamide.

** Neitlmr mescaline nor I_D-25 caused any fluorescence when added in fairly large
o_mcentratloal to samples of plasma which were then quantitated in the usual way for
epinephrine and norepinephrine.
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Table 5 reveals the blood pressure reaction and per cent ctmn_re in epinephrine-like
substance in blood samples secured between the start of the second minute and the end of the
third as well as between the start of the fourth minute and the end of the frith after methacho-

line had been given intramuscularly. Only one of the 11 psychotic patients and none of the five
psychoneurotic patients gave the blood pressure response of a normoreactor. Analysis of the
results gave no evidence of chan_,e in concentration of plasma pressor amines that was con-
ststent with any special pattern. There was no apparent correlation of the diagnosis with the
type of blood pressure reaction to methacholine, and there was no indication that the type of
blood pressure response was related to the concentrations of epinephrine and norepinephrine
in the plasma.

Effect of Electroshock Treatment

on Blood Pressure and Plasma Pressor Amines

HISTORICAL BACKGROUND: -- The effect of electroshock on the conoentration

of plasma epinephrine and of norepinephrine in man was reported in 1955 by Well-Malherbe. 40
He also cited observations by others that in various animals electroshock was followed by a
rise in blood pressure, hyperglycemia, lymphopenia, eosinopenia (in psychotics and psycho-
neurotic patients), papillary dilation, contraction of the nictitating membrane, and depletion
ot pressor amines in the adrenal medulla. Well-Malherbe found that without previous medi-
cation the application of 90 to 120 volts for o. 4 to o. 5 second caused an increase in beth
_ulphrine and norepinephrine in the plasma of patients. After premedication with hexobar-
bttal sodium (Hexobarbitone), the concentration of both substances became elevated subsequent
tO tim application of electroshock but to a lesser degree than without premedication. The
a_tltion of a muscle paralyzant to this preliminary medication did not alter the liberation of
pressor _mines.

In 1958 Griswold reported that in patients and animals that had not received premed-

ieation3electroshock resulted in a transient elevation of both plasma epinephrine and plasma
norlpinephrtne. 20 However, pretreatment with a barbiturate or a ganglionic blocking agent
completely prevented an increase in plasma concentration of epinephrine and norepinephrine
resulting from electroshock. Griswold also noted that succinylchollne chloride partially in-
hibited the increase in pressor amines after electric shock. 20

PROCEDURE: -- We have quanUtated the concentration of epinephrine and norepin-

ephrine in samples of blood obtained immediately before electroshock, and as soon after it
(within 1 to 2 minutes) as practicable from 12 psychotic patients (table 6). All of these
patients were given, intravenously, 4 ml. of 2.5 per cent solution of thiopental (pentothal)
sodium and 20 rag. of succinylcholine (anectine) chloride just prior to electroshock to mini-
mtze the muscular contractions.

RESULTS: -- The effect of electroshock on plasma pressor amines and blood

pressure is graphically represented in figure 4 where the results appear in the same order
as in table 6. After electroshock, the plasma pressor amines frequently reached the
concentrationm that were obtained in the plasma of some patients with pheochromocytoma,
renal insufficiency, brain tumor or lymphoma and in the plasma of patients who received
epinephrine as medication. It is apparent that electroshock invariably caused an elevation
in the concentration of epinephrine, whereas the concentration of norepinephrine increased
in the plasma of seven but decreased in the plasma of five patients. The epinephrine-like
substance increased in the plasma of all patients except that of patient 4 (table 6), who had

a slight decrease owing to the diminution of norepinephrine. The increase in mean concentra-
tion of epinephrine-like substance and epinephrine from 1.8 and 0.3 (approx.) respectively
to 3.1 and 1. 5 rag. per liter of plasma was highly si_lftcant statistically. However, though
the tm._rease in mean concentration of norepinephrine from 5.4 to 5.9 mg. was not remarl_bte,
yet a significant increase or decrease of norepinephrine occurred in the majority of patients
(table 6).
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In patients 1 and 2 (table 6) the concentration of epinephrine decreased and the con-
centration of norepinephrine increased following premedlcation with thlopental sodium and
succinylcholine chloride, a muscle relaxant. Blood samples prior to premedicatlon were not

obtained in the remaining patients and therefore the significance of the alterations of concen-
tration of epinephrine and norepinephrine in the plasma of patients 1 and 2 following admla-
istration of thiopental and succinylcholine chloride is uncertain. Patient 2 (table 6) was acute-
ly disturbed when the blood sample was obtained just before premedication. The systolic
blood pressure of all patients was increased immediately by electroshock, whereas the diasto-
lic response was variable. It is noteworthy that the blood pressure of patients who did not

improve clinically invariably changed only very little immediately following electroshock.

Pressor Amines in Cerebrospinal Fluid

HISTORICAL BACKGROUND:-- In 1954 Weil-Malherbe and Liddell first quantitated
epinephrine and norepinephrine in cerebrospinal fluid. 43 The concentration of pressor
amines was determined in fluid removed at encephalography of nine patients with suspected
organic lesions of the brain and of nine male schizophrenic patients, three of whom lad under-
gone leukotomy. The concentration of epinephrine and norepinephrine in cerebrospinal fluid
was found to be the same in both groups but lower than in venous plasma.

The ratio of epinephrine to norepinephrine in the cerebrospinal fluid and in plasma
was the same in both groups, epinephrine representing 25 per cent of the sum of these
pressor amines. However, the plasma concentrati_)n of pressor amines was lower in schizo-
phrenic patients than In those who were not schizophrenic. It was concluded that cerebrospin-
al fluid is not merely an ultrafiltrate of plasma but rather a product of epithelium with specif-
ic secretory functions. Weil-Malherbe and Liddell also cited the work done by Walter in
1929, which indicated a decrease in permeability of the blood-brain barrier, as measured by
the bromide text, in schizophrenia. Accordingly, they would have expected a decrease in the
concentration of pressor amines in the cerebrospinal fluid of schizophrenic patients (if the
level of these amines depended on the same mechanism as that measured by the bromide test),
especially since the plasma concentrations were lower in schizophrenic patients than in
other subjects.

PROCEDURE: -- We quantitated the epinephrine-like substance in the cerebrospinal
fluid, obtained by introducing a needle into the cisterna magna, of 22 patients (table 7). *
in all of these patients except one with a chronic brain syndrome, the results of routine exam-
ination of the cerebrospinal fluid, including cell count, determination of total protein and
Wassermann test, were normal. The mean and standard deviation of the mean were determine
for each group.

RESULTS: -- The findings indicate that among patients with mental deficiency, the
mean concentration is lower than it is in other groups, _for instance 0. 8 mg. per liter of
cerebrospinal fluid for patients with mental deficiency as contrasted with 1.2 rag. for those
with personality disorder. However, analysis of the results shows that the differences in
concentration of epinephrine-like substance in the cerebrospinal fluid of the five groups
studied are not statistically significant in the light of the considerable variability of the values
and the small number of patients included.

* With the method of Wetl-Malherbe and Bone, the recovery of epinephrine and norepinephrin,
from cerebrospinal fluid was found to be about 10 per cent less than that from plasma. A
correction for this recovery deficit was made when the concentrations in the cerebrospinal
fluid were calculated.
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Effect of Chlorpromazine on Plasma Pressor _mines

The plasma pressor amines were quantitated before, and one week after, be_nnlng
a course of treatment with chlorpromazine (100 rag. three times per day). One patient, a
woman 75 years of age, whose condition was diagnosed as paranoid schizophrenia, was agitated
and had delusions of persecution. Prior to treatment, the concentrations of epinephrine-like

substance, epinephrine and norepinephrine were 2.7, 0. 9, and 6.7 )_ g. per liter of plasma
respectively, whereas after 1 week of treatment the values were 2.0, 0.6 and 5.2)_g. per
liter of plasma. Clinicalimprovement was marked at this time. The second patient, a man
59 years of age, whose condition was diagnosed as schizophrenia of the schizoaffective type,
was agitated, depressed and suspicious. Before treatment the plasma concentration of

epinephrine-like substance, epinephrine and norepinephrine was 1.4, 0.8 and 2.1_ g. per
liter respectively, whereas a week after the end of treatment with chlorprom_zine (100 mg.

three times a day) the values were 2.5, 0.5 and 7.2)_g. per liter. Treatment caused notable"
reduction in agitation and anxiety and the man began to sleep and eat more nearly normally.
In the plasma of the second patient, the concentration of epinephrine decreued while that of
nerepinephrine increased.

Intravenous administration of 50 _ag. of chlorprom_Ane hydrochloride to an
anesthetized dog was followed in 13 minutes by an increase in concentration of epinephrine

from 0.2_,g. to 0. 9_g. and a decrease in norepinephrine from 4. 8).g. to 1. l_g. per liter
of pl_ma. Some of our colleagues 34 have indicated that the administration of chlorpremazine
may increase fluoreacent substance in plasma other than the pressor amines. Therefore,
quantitation of the plasma pressor amines aftsr the administration of chlorpromazine could
result in falsely elevated values for epinephrine or norepinephrine or both. As noted above,
the total fluorescent substance in the plasma extract of one of our patients decreased whereas
in the second patient it increased after the patient had received moderately large doses of
chlorpromazine orally. There was a slight decrease in the total fluorescent substance in the
plasma extract of a dog after intravenous administration of chlorpromazine. We have not yet
determined whether chlorpromazine interfers with the aualytical procedure employed in the
method of Wetl-Malherbe and Bone (or modifications) or whether it alters the plasma
cono_mtrations of catecholAm4nes or both.

Lehmann and Hanrahan 26 and other investigators have noted that chlorpromazine
selectively inhibits drive and causes mentally disturbed patients to become more tractable
witlzmt interfering with the higher psychic functions. This drug is also known to have a mild
adrenergic blocking action; It reverses the vasopressor activity of small doses of epinephrine
and also may have antiacetylcholine properties. However, the exact mechanism of action of
chlorpromazine is poorly understood. It has been suggested that it lowers the requirement
for cellular oxygen; cortical metabolism apparently ts little affected but the reticular substance
and possibly the function of the hypothalamus may be altered by chiorpromazine.

Adrenochrome and Mental Disease

Adrenochrome can beprepared by the oxidation of epinephrine as indicated in figure
5. Whether such a reaction occurs in man is uncertain. The presence of adrenochrome in

the human body has not been established. Bacq 1 reviewed the subject and cited the work of
WaJzer, which indicates that the adrenalin-adrenochrome system is present in mammalian
ak91etal muscle. In 1954, Hoffer and co-workers 24 reported that adrenochrome given intra-
venously causes normal subjects to become overactive and to lack Judgment and insight or to
become deeply depressed for days. Symptoms appear more insidtoualy and the effects last
longer than those from mescaline or lysergic acid diethy]amide (LSD-25). Alterations in
the electroencephalogram also occur following intravenous administration of adrenochrome.
Hoffer and co-workers pointed out the similarity in the structural formula of adrenochrome
and some of the hallucinogens such as mescaline and lysergic acid diethylamide (fig. 6).
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Marrazzt and Hart have found that adrenerglc synaptic transmission is present and
capable of operating in the brain of the cat. 31 These investigators expressed the belief that,
to produce cerebral action when given intravenously, serotontn must pass the blood-brain
barrier. They have indicated that serotonin and lysergic acid diethylamide (LSD-25) have
qualitatively the same synaptic inhibitory action as mescaline and epinephrine. They pointed
out that the interpretation of hallucinations as stimulatory phenomena rather than as conse-
quences of inhibition was not illogical, since synaptic inhibition could result in release from
normal restraining influence with subsequent stimulation. They further stated "a disturbance
of adrenergic or related cerebral neurohumoral mechanisms appears to be implicated in the
actions of the hallucinogens studied. " 31 They suggested that perhaps an imbalance between
adrenergic inhibition and cholinergic excitation exists as an underlying mechanism in mental
disturbance.

More recently WooUey and Shaw 45 have studied the effects of antiserotonins in
hypertension and have indicated that serotonin may be causally related to essential hyperten-
sion. This is an interesting concept, yet in patients who have carcinoid tumors and hyper-
serotonemia (occurring spontaneously or induced by a provocative histamine test) we have
noted that there may be no mental disturbance, no hypertension and no abnormality in the
concentration of plasma presser amines. 6 These facts, of court, do not refute the concept
that mental disturbance may be related to a deficiency of serotoain. The role of serotonln
awaits further elucidation.

The method of Well-Malherbe and Bone, used to extract presser amines, does not
extract serotonin from plasma and therefore the presence of serotonin does not interfere with

• the quantitation of epinephrine and norepinephrine. It is noteworthy, however, that both
serotoain and adrenochrome fluoresce when condensed with ethyleuedlarmne. This may be of
value in developing methods for quantitating these substances chemically. It is also important
to realize that erroneous quantitations of epinephrine and norepinephrine will occur if
solutions containing significant quantities of adrenochrome or serotonin, or beth, are analyzed
without preliminary adsorption with alumina.

Comment

Effect of Mescaline and I._D-25. -- The siwnificance of the increase in the mean
concentration of epinephrine-like substance in the plasma of normal subjects 1/2 hour and 2

hours after oral administration of mescaline is uncertain (table 1). It is tempting to speculate
whether some of the symptoms which the drug produced in the subjects could have been related
to an aberration in metabolism of presser amines. The fact that increase in the man concentra-
tion of epinephrine-like substance did not occur in the plasma of four patients with mental
disease (table 1) after administration of mescaline suggests that a difference may exist between
the physiochemical responsiveness of some psychiatric patients and normal subjects.

Effect of Methacholtne on Blood Pressure and Plasma Presser Amines. -- It is

apparent that 10 rag. of methachollne given intramuscularly did not sigaificantly alter the
concentration of epinephrine-like substance (table 4). This was not surprising since the
hypotension following administration of this drug Ls usually slight and apparently is not
adequate to initiate a strong sympathetico-adrenal discharge in order to establish hemeostasis.
It will be recalled that Gellhornts observations on the release of presser substance after ad-
ministration of methacholine were made in the cat, and he indicated that presser substance was
liberated after a "considerable" drop in blood pressure. 15 In the presence of marked hypo-
tension it has been found by chemical quantitation that there may be considerable liberation
of presser amines. It is also known that acetylcholine and some related substances can cause
liberation of these amines. 9, 37 The dose of mettmcholine given to our subjects may have
been too small to cause significant secretion of presser amines by the sympathetico-adrenal
system. Also it is possible that liberation of a small amount of presser substance from
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Fig. 4. Effect of electroshock on plasma pressor
amines and blood pressure in 12 psychotic patients.

.H 0_/_ CHOH

H O- q_ OH Oxidotion _

Epinephrine iCH3
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Fig. 5. Oxidation of eptnephrlnj to adrenochrome.
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