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ascorbic acid (ring oxidations). It might also

be anticipated that changes would arise in

riboflavin deficiency, for then there is a di-

minished concentration of the important en-

zyme monoamine oxidase,5 as well as other

adaptations in the tissues which may be re-

fiected in the metabolism of an amine such

as serotonin.6

In experimental studies in the young rat it

was found that the lack of vitamin B6 alone

does not lead to decreases in tissue catechola-

mines other than those that can be accounted

for by the lag in growth rate. On the other

hand, in rats fed riboflavin-deficient diets for

up to eight weeks there was a decrease in the

catecholamines of the liver and in the nor-

adrenaline of the brain.7 The significance of

these changes is not clear. Neurologic defects

do not appear to be important in ariboflavinosis

in the rat, although sensory changes have been

detected in the clinical deficiency in man. We

have not studied niacin or ascorbic acid

deficiency, but we did measure the adrenal

catecholamines in thiamine-deficient rats be-

cause of a reported change a few years ago.

Our studies showed no change due to the lack

of this vitamin. These results attest to the

unusual stability of the adrenal component of

the sympathetic nervous system under condi-

tions of serious dietary insult.

Although we could not detect a defect in the

biosynthesis of endogenous catecholamines in

the pyridoxine-deficient rat, there was a distinct

effect upon the conversion of exogenous dopa to

urinary dopamine.7 Thus, by administering

intraperitoneally a test load of dopa (5 or 10

mg. per kg. body weight) it is possible to detect

a reduced rate of formation of dopamine after

about seven to ten days in a rat on a synthetic,

deficient diet. Either isomer of dopa may be

used in this test. The D-dopa presumably is

deaminated to dihydroxyphenylpyruvic acid,

which then can be asymmetrically transami-

nated to L-dopa. Two facts recommend further

investigation of the conversion of D-dopa to

urinary dopamine. (1) More dopamine is

produced from D-dopa than from L-dopa; this

may arise simply because D-dopa undergoes its

transformation in a restricted number of organs

and particularly in the kidneys, from which

it is excreted, whereas dopamine is formed from

L-dopa in many parts of the body in which

enzymes catalyze the further metabolism of the

amine. (2) In the case of the unnatural

isomer, two pyridoxal phosphate-linked en-

zymes are involved in its transformations, the

transaminase and the decarboxylase. One of

the questions we are interested in currently is

whether deficiency of pyridoxine can be deter-

mined clinically by using an oral test load of

dopa. Only small amounts of this amino acid

would have to be consumed ; urine need be

collected for only a few hours, and the methods

for measuring dopamine are sensitive and

specific. We are now carrying out control

studies on the metabolism of orally admin-

istered dopa in man.

CATECHOLAMINES AND DISEASES OF THE

NERVOUS SYSTEM8.�

Having discussed some of the metabolic

aspects of catecholamines, I now can come to

the primary question of this paper : Do

catecholamines have any bearing on neuro-

logic or mental illnesses?

For many years there have been theories of

one kind or another assigning a role to the

autonomic nervous system in the manifestation

or modification of behavior. Some of you may

recall the theory of vagotonic and sympatho-

tonic types in the study of overt behavior of

man. The complexity and number of human

behavior types have defied acceptance of these

simple formulations. When the neurohumoral

product of the sympathoadrenal nervous

system was found to include not only adrena-

line but also noradrenaline, a second dimension

then lay before those who were striving for an

autonomic theory of human emotion. The

dominant product of this effort was the theory

of Funkenstein. According to Funkenstein,

Greenblatt and Solomon, under certain condi-

tions some persons may secrete predominantly

either an adrenaline-like or a noradrenaline-like

substance into the blood. The two groups are

differentiated by their vascular response to

methacholine, a stable compound with mus-

carinic action. In one group of subjects there

is a prolonged fall in blood pressure ; in the

other group the hypotension is rapidly coni-
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pensated, with an early return to normal pres-

sure. Funkenstein has suggested that metha-

choline first demonstrates its peripheral vaso-

dilating activity and then induces by means of

a central mechanism the excessive secretion

of either adrenaline or noradrenaline, depending

upon the constitutional characteristics of the

subject. From the clinical point of view,

according to Funkenstein, patients with a

prolonged depression in the blood pressure

curve after methacholine injection tend to

improve with electroshock therapy. This is in

marked contradistinction to the high proportion

of failures which occur when this treatment is

used on the second group, i.e. , those in whom the

central component of the sympathetic nervous

system is already functioning at a high level.

Funkenstein’s theory has been extended as

a physiologic basis not only for the two types of

methacholine reactors, but also for the two types

of emotional expression. According to the

argument, persons who express their anger

“inwards,” that is to say, those who express

emotion passively, secrete adrenaline ; whereas

those who turn their emotion “outwards,”

those who, for example, demonstrate their

anger in an active fashion and with an aggres-

sive display, are said to secrete noradrenaline.

Elmad�ian and his colleagues have investi-

gated this aspect of emotion-provoking stresses

in normal persons in anticipatory states, in

persons operating a control panel simulating

that of an aircraft (the pursuitmeter test), and

in contestants in professional and amateur

sports. The interpretation they apply to

their data is that ‘ ‘active aggressive emotional

displays are related to increased excretion of

noradrenaline, whereas tense, anxious, but

passive emotional displays are related to

increased excretion of adrenaline in association

with a normal excretion of noradrenaline.”

The theory that human beings can be

characterized by their catecholamines is an

interesting but unproved one. The validity of

Funkenstein’s claims for the ability to predict

the therapeutic result of electroconvulsive

therapy (based on the results of the metha-

choline test) has not yet been established, and

the number of data upon which Elmadjian’s

hypothesis is based is small.

This is not meant to deny that the activity of

the sympathoadrenal systemn is of importance

in emotional expression or, for that matter, in

other forms of mental activity. Weil-Mal-

herbe, who developed the first sensitive

fluorometric method for measuring catechol-

amines in small amounts and, interestingly

enough, carried out this work in connection

with research in mental disease, has found a

number of lines of evidence bespeaking a

relation between the adrenaline level in plasma

and mental �0 He has noted that

the amount of adrenaline in plasmmta during

natural sleep or barbiturate-induced sleep is

less than during waking hours. The adrenaline

level in plasma is subnormal in patients with

mental deficiency, but it is within the normal

range in those with psychoses, psychoneuroses

and personality disorders. Because of the

uncertainties involved in measuring the mi-

nute amounts of catecholamines in plasma,

many investigators have begun to study the

urinary excretion of catecholamines. Bergs-

man has found that the urinary excretion

of adrenaline is low in patients with senile

dementia and those with mongolism. The

urinary excretion of adrenaline tends to remairm

in the normal range in patients with psycho-

ses, but it is elevated in those with acute

1 1 In manic-depressive psycho-

sis, the excretion of catecholamines fluctuates

in phase with the psychic state.

One of the earliest uses to which methods for

determining catecholamines were applied was

the study of sympathoadrenal activity in

psychiatric shock treatments. The application

of electroshock or the injection of pentylene-

tetrazol has been stated by several groups of

investigators to induce a sharp increase in the

concentration of the catecholamnines in the

plasma. The rise in noradrenaline levels is

readily abolished by premedicating the patient

with a barbiturate or skeletal muscle relaxant,

but the adrenaline level rises even with the

administration of these drugs. ill � parallel

situation was observed in our joint studies

with Dr. George Curtis : In patients receiving

no premedication except a small amount of

skeletal muscle relaxant, the urinary excretion

of adrenaline increased as a result of passage of
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the electric current. This increase was not

seen in another group of patients who were

premedicated with atropine and a barbiturate,

in addition to the muscle relaxant. 12

Knowing that convulsive therapy elicits an

increase in the activity of the sympathoadrenal

system, the next question is : Does the degree

of change in catecholamine secretion bear any

relation to the progress of the treatment?

A few years ago Dr. Bruce Sloane and I found

that the rate of excretion of catecholamines in

the urine is correlated with the patient’s

ultimate response to a course of electroshock

13 In a series of patients selected for

electroshock treatment, those in whom the rate

of excretion of catecholamines in the urine was

low in the niorning were the ones who tended to

improve with the treatment ; those in whom the

rate of excretion was high tended to fall into the

‘ ‘unimproved’ ‘ category. Unfortunately, we

have not had an opportunity to follow up this

earlier work to determine which of the urinary

calecholarnines bears the correlation.

It is now a well known fact that insulin

therapy causes the loss of adrenaline from the

adrenal medulla in experimental animals as well

as in man. \Ve realized that we had the

op�)ortunity in our hospital to study the ex-

cretion of this compound in patients who

receive relatively large doses of insulin (from

0.2 to l.() lU. per kg. of body weight) on a

daily basis. What happens to the adrenal

medullary stores under these conditions?

During the first three days of the week when

hypoglycemia occurred, the rate of excretion of

adrenaline was increased sharply. On the

fourth day, however, the increase was smaller,

and on the fifth day there was no response at

all in terms of adrenaline excretion, even though

the clinical responses to insulin therapy, such as

hypoglycemia and sweating, occurred as usual.

On the eighth day, when a new “insulin week”

began , the normal adrenaline response to

insulin therapy was observed once

This suggests that there is a rather rapid rate of

resynthesis of adrenaline in the human medulla.

To sum up these findings, the shock therapies

commonly employed in mental hospitals in-

volve an activation of the sympathoadrenal

systemmm, especially as it is measured by the

adrenaline levels in plasma and urine. There

is some evidence that the increased output of

adrenaline, measured in these ways at the

periphery, may not be an essential component

of the treatment. For example, electroshock

treatment has been applied successfully in a

patient who has had a bilateral adrenalectomy.

Moreover, in the intact subject only minute

amounts of adrenaline pass from the blood

stream into the m4 Some of it reaches the

hypothalamus. This represents a paradox,

for many investigators have observed effects

on the central nervous system following the

injection of adrenaline and noradrenaline,

including changes in cerebral electrical activity.

This must mean that the catecholamines are

acting upon either hypothalamic receptors or

peripheral ones which have nervous connections

to the brain. It is, of course, also possible

that the permeability of the brain to arterial

adrenaline is increased by shock treatment.

A further possibility is that the humoral

changes we measure are merely the peripheral

representation of activity in the central com-

ponent of the sympathetic nervous system,

which Rothballer terms the aclrenergic com-

ponent of the reticular activating �

One of the prominent and general theories of

mental disease which is current at the present

time is that psychoses are caused by the

presence in the body of an endogenous toxic

agent. This theory has been applied also to

the catecholamines, first by Heath and his

colleagues at Tulane University and then by

Hoffer and Kenyon at the University of

Saskatchewan. They claimed that plasma

drawn from patients with schizophrenia ox-

idizes adrenaline at a faster rate than (toes

normal plasma. Does this reaction take place?

Yes, the oxidation of adrenaline and many

other compounds is catalyzed by ceruloplas-

mm, the blue copper-containing protein of

the plasma. Is the oxidation product adreno-

chrome? It may be, although this has not

been established. Does this reaction occur in

the body? It does not seem so, for under

physiologic conditions the catecholamines are

perfectly stable in plasma and, whatever effect

drawn blood has upon adrenaline, there is no

difference between samples from normal sub-
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jects and those with schizophrenia. Moreover,

when patients with schizophrenia are given

infusions of labeled catecholamines the amines

disappear from their plasma at the same rate

as in normal subjects similarly treated.

It may be worth mentioning that the Saskat-

chewan group of investigators have claimed

that adrenochrome has a hallucinogenic action

in man and that this substance (or one like it

chemically) actually accumulates in the body in

schizophrenia. However, the claim that

adrenochrome is a hallucinogen has not been

fully confirmed in trials in other laboratories.

Another aspect of the Saskatchewan hypothesis

was the statement that relatively large amounts

of adrenochrome are found in plasma and that

this material is normally metabolized to

nontoxic substances ; whereas the patient with

schizophrenia lacks the enzymes necessary for

the detoxication of adrenochrome, which

then can work its toxic action on the brain.

However, in several laboratories in the United

States, Canada and Denmark, it has now been

shown that the method used in this work

involves an artefact arising from a reaction

between the reagents themselves, whether

adrenochrome is present or not.

FUNCTIONS OF DOPAMINE’

Thus far, I have dealt primarily with adren-

aline and noradrenaline. Now I wish to say

a few things about the third naturally occurring

catecholamine, dopamine. When the amino

acid precursor of this amine, L-dopa, is given

to rats intraperitoneally, there are no obvious

changes in behavior, even with doses up to 40

mg. per kg. By direct analysis of tissues, Mr.

Gerard Murphy has found that the dopa

penetrates into the brain, liver, heart and

17 Dopamine is then found in much

larger concentrations in these organs than

normally, although its concentration diminishes

fairly rapidly after the peak has been attained.

Its disappearance is due in part to excretion in

the urine, which I have mentioned already, and

in part to oxidation to dihydroxyphenylacetic

acid; other products also have been found.

If the animals are pretreated with a monoamine

oxidase inhibitor such as iproniazid, then as

little as 10 mg. per kg. of L-dopa is sufficient

to cause striking changes within fifteen minutes.

These changes are’5 the assumption of a crouch-

ing posture (shadow-boxing), piloerection, rapid

abdominal respiration, ejaculation, and the

Straub tail-raising effect. In rats pretreated

with iproniazid and then with doses of L-dOpa

in the lower range these changes disappear

within about one hour, but with doses greater

than 20 mg. per kg. death frequently results.

The same effects, but in an even more intense

form, are observed in mice receiving 10() rug.

of L-dopa per kg. Instead of congregating in a

pile, the animals adopt an aggressive stance

in isolated positions around the perimeter of

the cage, occasionally attacking one another.

Similar extraordinary effects have been ob-

served by others using 5-hydroxytryptophan

and meta-tyrosine.

Does dopa have any pharmacologic actions

in man ? Last year, Degkwitz and his col-

leagues in Frankfurt tested some subjects by

giving them L-dopa 1� One of

the more severely affected volunteer subjects

described his sensations in the period im-

mediately after the injection. At two minutes

after receiving 350 mg. he experienced marked

pulsations in the regions of the blood vessels of

the throat, head, stomach and kidneys. He

was anxious and he experienced a strange

feeling in his stomach, as at a moment of great

excitement or anticipation. Three minutes

after the injection the subject reported that

nausea had spread over the whole body,

inhibiting every thought. At ten minutes he

was able to endure the state much better even

though his blood pressure was only slightly

less than at its peak. He experienced fatigue

and wanted to rest. At fifteen minutes he

suddenly had to vomit ; there was no warn-

ing.

The pressor effect of L-dopa is more pro-

nounced when the subject has been pretreated

with an inhibitor of monoamine oxidase, such as

tranylcypromine, for then even the oral admin-

istration of L-dopa in the amount of 20() mug.

causes an increase in blood pressure which lasts

for about one and a half hours.ii

We are interested in the effects of dopa and

dopamine on the central nervous system in man

because of our findings in certain diseases of
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TABLE I

Urinary Excretion of Catecholanmimres

Cateclmolamimimmes�

(Mg./24 hr.)

Group

Normimal

Parkimmsonisnm .

Poste;ice-

plmalitic . .

Idiopathic .

Arterio-

sclerotic .

Cases

(no.)

:31

30

12

15

3

Dopa-

muine

:30:3

220

188

256

163

Nor-

adrenal-

ilie

41
43

4:3

47

28

Adrenal-

me

18

15

14

16

13

* Mean values
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the basal ganglia. I referred earlier to the high

concentration of dopamine in the basal ganglia.

This has led a number of investigators to the

hypothesis that in diseases involving these

ganglia there may be some defect in dopamine

metabolism. In cooperation with Dr. Andr#{233}

Barbeau, a neurologist at the University of

Montreal, we analyzed urine specimens from

patients diagnosed as having Parkinson’s

disease , H untington ‘ s chorea, Sydenham ‘ s

chorea , dystonia musculorum deformans,

hepatolenticular degeneration , familial tremor,

torticollis and choreoathetosis. A few elevated

rates of excretion were observed, the most

consistent being in patients with hepatolentic-

ular degeneration, when both the dopamine

and adrenaline levels were often high. On the

other hand, the sixteen patients with parkin-

sonism, as a group, showed a diminished ex-

cretion of dopamine in the urine. The decrease

was greatest for patients with the posten-

cephalitic type of parkinEonisni, and in ones

with evidence of arteriosclerotic changes.202’

Since our first publications on this topic we have

studied a further series, and the data from all

our cases are summarized together in Table I.

Last December Dr. 0. Hornykiewicz, of the

Pharmacology Institute at the University of

Vienna, reported that in a series of patients

with parkinsonism on whom postmortem

examinations were carried out, the dopamine

content of the basal ganglia was unusually

low.22 Indeed, in those with the posten-

cephalitic form of the disease little of this

amine could be detected. This type of evi-

dence is the fl1O5� direct kind pointing to a

biochemical lesion in parkinsonism. At pres-

ent, we consider that the dopamine in the

urine is derived largely from the liver or kidney

or both, and not directly from the basal ganglia

and, furtherlnore, that whatever the lesion is

that results in a low output of dopamine it

may be a general one involving in common the

viscera and the basal ganglia. There are, of

course, the outstanding precedents of combined

liver-brain dysfunction in Wilson’s disease

(hepatolenticular degeneration) ‘and in hepatic

coma. The defect may go beyond dopamnine

metabolism, for Dr. Hornykiewicz now has

found that in patients with parkinsonism the

5-hydroxytryptamine content of the brains

tends to be low.23

Dr. Barbeau has tested a number of amino

acids for possible therapeutic or other clinical

effects in patients with sotm9 L-Dopa

has a definite, but short-lived effect upon the

rigidity encountered in some of these patients.

Meta-tyrosine also has some beneficial effect.

D-Dopa when given in equivalent amounts to

the L-dopa (20(1 mg.) is inactive. Alpha-

methyldopa, which is an antidecarboxylase as

well as a releaser of cerebral amines, has a

deteriorative effect, as a brief-lasting and

reversible increase in tremor, and this effect is

not altered by simultaneous administration of

an equal amount of dopa.

The finding of reduced amounts of dopamine

in the urine of patients with parkinsonism

suggests some investigations which should be

undertaken to explore the biochemical features

of the disease. Earlier I mentioned our work

on dopa-loading in rat and man. We have

carried out a few dopa-load tests in patients

and have been able to compare these results

with those obtained on some physically well

persons. In these tests each subject receives

200 mg. of L-dopa in the morning about one

hour after breakfast, and urine then is collected

for six hours. The amounts of both dopamine

and dopacetic acid (dihydroxyphenylacetic

acid) in the urine are measured. The results

 by guest on June 6, 2011
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org/


328 Sourkes

TABLE II

Dopa-Load Test (Six Hour Excretion)*

eases
State (no.)

�

.
Urine

,

� olumet

(ml.)

Dop-
Dopa-

. acetic
mmnet Acidt

(mg.) (mg.)

c’ontrol Perit.d �

Normal 6

Parkimmsonism.. 8

347

184

0.08

0.06

0.6i

0.27

Dopa-Load Given

Norumal 6 478 5.22

Parkin�onismn. . 8 242 1 .30
53.73

24.71

* From BARBEAU, A. , SOURKES, T. L. and MURPHY,

G. F.’9

t Mean values are presented. See text for discussion
(If statistical analysis of these data.

� No dopa given.

(Table II) show that the patients excrete a

smaller proportion of the dopa as the two

metabolites than do the normal ,�

Because of the large differences in urinary

volume it is necessary to take into account the

possibility of a physical rather than metabolic

factor at work. When this is carried out by

the method of analysis of covariance, the van-

ability of the data on dopacetic acid is reduced

by about 25 per cent but the dopamine data

by less than 10 per cent. After the statistical

adjustment has been made for the regression of

metabolite excretion on urine volume, the

differences in excretion of dopamine and dop-

acetic acid by normal subjects and those with

parkinsonism show a probability lying between

0.05 and 0.01.

Of course, other metabolites of dopa ought

to be measured in order to provide us with a

complete balance study. Nevertheless, the

preliminary evidence which I have cited--the

low rate of excretion of dopamine in the urine,

the deficient supply of this amine in the brain

and the defective conversion of exogenous

L-dopa to dopamine in the urine - offers a

strong case for detailed biochemical explora-

tion of parkinsonism in a novel way. Among

the studies needed are load-tests with both

L- and D-dopa, as well as other amino acids;

measurement of additional endogenous cat-

echolic metabolites ; and comparison of the

metabolic disposal of labeled dopa in normal

subjects and in patients with parkinsonism.

On the basis of our new knowledge of inter-

mediary metabolism, sensitive tests can be

employed to assess coenzymatic status of these

patients, with particular respect to pyridoxal

phosphate, as well as the degree of adaptive

enzymic changes which have taken place in

their tissues.

If these investigative projections seem too

speculative, I offer an aphorism of the scientist

to whom we pay tribute at this Symposium:

“By the mistakes and misconceptions of the

past we are guided into more fruitful paths.”
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