optical isomers of a-monodeuterotyra-
mine (I, R, = H; R,=D; and I, R, =
D; R, =H) may be responsible for the
isotope effect observed with the bisdeu-
tero amine. Both optical isomers of a-
deuterotyramine were prepared en-
zymically from tyrosine (9) and as-
sayed as above. The results are shown
in Fig. 1 (2C and 4B) (10) and clearly
establish that the isotope effect is com-
pletely stereospecific in accordance with
a three-point contact between tyramine
and monoamine oxidase. The absolute
dependence on configuration of the iso-
tope effect on the nictitating membrane
response fully agrees with our deduc-
tions based on in vitro studies with liver
monoamine oxidase (9).

Conclusions. From .these observa-
tions, the following conclusions emerge:
(i) The enzyme monoamine oxidase
must be intimately associated with ad-
renergic effector cells and must be an
important factor in the limitation of
the action of tyramine and tryptamine.
(ii) The monoamine oxidase involved
in adrenergic mechanisms displays an
absolute stereospecificity which is identi-
cal to that of liver monoamine oxidase,
thus making it probable that these two
enzymes are very similar in properties
and mechanism of action. (iii) Norep-
inephrine is not a substrate for the
enzyme at the adrenergic effector cell
level. This excludes an oxidative de-
amination of transmitter as part of the
sequence of events leading to a re-
sponse or to inactivation of the sub-
strate. (iv) The role of the enzyme in
adrenergic mechanisms can best be
pictured as a protective device for the
rapid disposition of circulating or en-
dogenous nontransmitter material.

So far as we are aware, this is the
first report on the use of kinetic isotope
effects in the field of pharmacology
(11) and constitutes a novel approach
that should prove a powerful tool in
mechanism studies at the receptor level.
A full description of this and related
work in progress will be published else-
where (12).
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Effects of Amino Acid Feedings
in Schizophrenic Patients
Treated with Iproniazid

Abstract. Large oral doses of individual
amino acids were given three or four
times daily for periods of 1 week to
schizophrenic patients, some of whom
were maintained on iproniazid. Marked
alterations in behavior in some patients
were associated with the administration of
I-methionine and of I/-tryptophan.

Recent reports have indicated that
certain amino acids or their endogenous
derivatives may affect mental state and
behavior, and have led to hypotheses of
their involvement in the pathogenesis
of some forms of schizophrenia (7).
Evidence for such hypotheses has been
sought in the psychotomimetic proper-
ties of certain amines or their congeners
(2), and in qualitative or quantitative
abnormalities among the amino acid
products excreted in the urine of
schizophrenic patients (3).

This report describes a study of the
effects of large quantities of certain
amino acids given to a group of 12
chronic schizophrenic patients, previ-
ously described (4), nine of whom
were also given iproniazid throughout
the study in an effort to increase tissue
concentrations of endogenous amines.
None had received somatic therapies
within the previous 18 months.

The study is summarized in Table 1.

There were three time blocks (periods

A, B, and D) during which, in a Latin
square design, every patient received in
rotation each of the tabulated amino

acids (or amino acid combinations) for
approximately 1 week. During periods
C, E, and F the Latin square design
was not used. Instead, certain individ-
uals received only one of the substances
tabulated, selection depending primarily
on their having previously responded
to the same, or a related substance. Ex-
cept as noted in Table 1, the [ forms of
amino acids were given, suspended in
chocolate milk, three times daily. The
appearance, consistency, and taste of
the suspensions were made as similar
as possible by adding barium sulfate
or flavoring agents as needed.

Behavioral observations were made
continuously by nursing personnel.
Each patient was evaluated daily by
one or more of three psychiatrists.
Three additional physicians together
examined the patients at weekly inter-
vals and were the only participants
aware of the drug and amino acid
regimens. All patients were observed
for signs of hepatic disturbance, and
serum transaminase was measured each
week. No hepatic dysfunction was de-
tected. Electroencephalographic, psycho-
metric, and biochemical studies, which
complemented the behavioral and psy-
chiatric evaluations, are in preparation.

Marked behavioral changes occurred
with [-methionine loading in four of the
nine patients receiving iproniazid—in
two patients on each of three trials, in
one on two of three trials, and in one
on one of two trials. The major clinical
features in these patients were an in-
creasing flood of associations often
reaching “word salad,” increasing
anxiety approaching or reaching panic,
increasing tension and motor activity,
depression accompanying a brief period
of sharply increased insight, an up-
surge of hallucinatory activity, and brief
intermittent periods of disorientation at
the height of agitation.

One such patient, essentially mute for
many years, manifested a flood of
speech and ideas that was uncontrollable
for hours. Another patient, paranoid
but usually coherent and in good con-
tact, described a flood of ideas, had a
sudden depressed insight into the effects
of his psychosis on himself and those
about him, was flooded with associa-
tions, reached the stage of “word salad,”
and finally repeated isolated letters con-
tinuously.

Most changes disappeared abruptly
upon withdrawal of methionine, but
concurrently each marked reactor was
thought to show some unexpected clini-
cal improvement which persisted for
weeks or months. The dose level of
iproniazid did not seem to influence
the intensity of methionine effects.

The changes cannot be attributed to
the metabolic acidosis or persistent gas-
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Table 1. Behavioral change in chronic schizophrenic patients maintained on iproniazid and

loaded with amino acids or related substances.

Incidence of change*

Weeks Load Loading —
of eriod substance and amt. Iproniazidt Iproniazid
study P (g/70 kg daily) 50 mg /70 kg daily  placebot
(9 patients) (3 patients)
1-3 Glycine, 25 0/9 0/3
4-6 A Phenylalanine, 20, 3/9 0/3
and methionine, 20
Glutamine, 40, 0/9 0/3
and histidine, 20
Trytophan, 15 ?7/9 0/3
9 Glycine, 25 0/9 0/3
10-12 B Methionine, 20 3/9 0/3
Phenylalanine, 20 0/9 0/3
Tyrosine, 20 0/9 0/3
19 C dl-Methionine], 15, 0/5 0/0
or placebo 0/4 0/3
25 Iproniazid increased
150 mg /70 kg daily
29-30 D Tryptophan, 7 or 15§ 7/9 0/3
Phenylalanine, 20 0/9 0/3
31-32 E Methionine, 20, 3/3 0/1
or 5-HTP I 0/3 0/1
or DOPA I 0/3 0/1
37 F NH.Cl, 15¢], 0/4 0/0
or placcbo§ 0/0 0/3

* Number of patients showing behavioral change /number of patients given loading substance.
beginning of 2nd week and maintained throughout study.
§ In the Ist week six patients received the lower dose; in the 2nd week the remaining six
| 5-HTP (dI-5-hydroxytryptophan) and DOPA (/-dihydroxyphenylalanine)

doses for 1 week.
patients received the higher dose.

+ Started at
1 Given in gelatin capsules in four divided daily

were given intravenously once daily starting with 6 mg and increasing in daily steps of 6 mg to 60 mg, then in steps
of 12 mg, to 108 mg on the final day, except for two patients in whom injections were discontinued after 96 mg of

DOPA and 24 mg of 5~-HTP because of side effects.

tric distress which usually accompanied
methionine administration, since changes
occurred when the amino acid was sub-
sequently administered in capsules,
which prevented the distress, and did
not occur with administration of am-
monium chloride, which produced both
gastric distress and acidosis of greater
severity.

The extent to which these clinical
changes represent a biochemically in-
duced acute flare-up of a chronic
schizophrenic process on the one hand,
or a toxic delirium superimposed upon
chronic schizophrenia on the other, is,
as yet, uncertain and is being further
investigated (5).

Equivocal changes were noted in a
few patients during the first tryptophan
load in association with the lower dos-
age of iproniazid. During the higher
dose of iproniazid, tryptophan adminis-
tration was accompanied by mild to
marked changes characterized primarily
by mood elevation, increased involve-
ment and extroversion, an early and
transitory phase of somnolence, and
more active deep tendon reflexes (6).

One guarded paranoid patient be-
came euphoric and freely expressed
delusions and amorous feelings. A
withdrawn, almost mute patient became
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9] Enteric tablets in four divided daily doses for 1 week.

verbal, intelligible, freely responsive to
questions, and talked freely, though
psychotically, about his activities and
feelings. Five of the remaining seven
patients showed similar but less marked
changes, which were most evident in
some by a sudden increase of hostility
and depression when tryptophan was
stopped. There was no overlap between
marked methionine and tryptophan re-
actors.

Some of the patients, while receiving
the higher dose of iproniazid, were
given S5-hydroxytryptophan or [-dihy-
droxyphenylalanine in gradually increas-
ing daily intravenous dosage up to
108 mg. Nausea, abdominal discomfort,
or vomiting occurred in association with
the higher doses of S-hydroxytrypto-
phan, and transitory hypertension,
brachycardia, and ventricular extra-
systoles with /-dihydroxyphenylalanine.
Neither of these substances nor the
other amino acids administered altered
behavior in a manner detectable
clinically.

WiLLiaM PoLLIN
PHILIPPE V. CARDON, JR.
SEYMOUR S. KETY
National Institute of Mental Health,
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Serum Glutamic Oxalacetic
Transaminase Content in
Hypothermia

Abstract. When the body temperature
of pentobarbitalized dogs was lowered, by
surface-immersion technique, to 27°-26°C,
elevations in serum glutamic oxalacetic
transaminase were found only after a pe-
riod of prolonged hypothermia (12 hours).
When the animals were rewarmed, serum
levels returned to normal. Histologic study
of organs rich in glutamic oxalacetic
transaminase revealed no necrosis. The
cause for the elevations is not known,
although increased membrane permea-
bility secondary to prolonged cold may
be a factor.

Injury to tissue rich in glutamic oxal-
acetic transaminase results in elevated
levels of this enzyme in serum (7). It
has been felt that actual necrosis must
occur for liberation of the enzyme from
the cell into the serum. Recent evi-
dence, however, suggests that, while
ischemia is an important factor, necro-
sis per se is not required (2). It has
been demonstrated that during hypo-
thermia oxygen availability, transport,
and use are adequate and no tissue
damage develops (3). Physiological
function essentially returns to normal.
Histological studies of hypothermic
animals have revealed necrosis, report-
edly due to hypoxia (4). Another in-
vestigation differed, for no cellular dam-
age was found (5).

The heart and the liver are particu-
larly rich in glutamic oxalacetic trans-
aminase cellular enzyme (6). Myocar-
dial function is considered adequate
during short-term hypothermia, with
some question of adequacy after 6 hours
of cold (7). Upon resuscitation of the
animal, the hypothermic liver regains
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