
Brain Biogenic Amine Depletion and Mood
Joseph Mendels, MD, Alan Frazer, PhD, Philadelphia

To evaluate the hypothesis that clinical depression is associated
with reduced brain biogenic amine activity, the behavioral effects, in
man, of drugs that deplete the brain of biogenic amines were re-
viewed. The behavioral changes associated with reserpine adminis-
tration were interpreted as being primarily a psychomotor retarda-
tion-sedation syndrome, due perhaps to a dopamine deficiency, and
would not be an adequate model for clinical depression. In suscep-
tible persons, particularly those with a prior history of depression,
this psychomotor retardation-sedation might be sufficient to trigger
a depression-like episode.

More selective amine depletion, produced either by alpha-methyl-
paratyrosine or by parachlorophenylalanine is not associated with de-
pression. Yet, these drugs produce a more consistent and greater re-
duction in amine metabolite concentrations than that reported to
occur in depressed patients.

In light of this, it is suggested that the depletion of brain norepi-
nephrine and dopamine, or serotonin, is, in itself, not sufficient to
account for clinical depression.

It has been widely argued that pathological altera¬
tions in mood (either depression or mania) may be

mediated through changes in the function of brain bio¬
genic amines, primarily norepinephrine (NE) or serotonin.
Several hypotheses have arisen that have generated a sub¬
stantial number of experiments. Much of this material has
been reviewed110 and will not be repeated here. Never¬
theless, there is very limited evidence from the clinical
studies that is consistent with the amine hypotheses.9·10
The failure of many of these studies to provide definitive
evidence in favor of these hypotheses may of course be
due to the indirect methods that the clinical investigator
must frequently use. However, it is possible that such fail¬
ures may reflect important problems with these theories.

An important advance for our understanding of these
theories (and indeed for the more general question of the
relationship between brain aminergic function and behav¬
ior) has been the discovery of compounds that produce a

relatively selective depletion of brain monoamines (in con¬

trast to the unselective depletion produced by agents such
as reserpine). It is our purpose in this report to review the
findings from studies of the effects of these amine-deplet-
ing drugs on mood and behavior in man and to consider
the implications of these results for the amine theories of
affective illness.

In addition, as the reported development of depression
in response to reserpine administration generated much
of the interest in brain monoamines, on the assumption
that it was due to amine depletion, it seems profitable to
review the nature of these depression-like episodes. We do
not intend a comprehensive review of all the evidence
relevant to these studies, but will concentrate on the find¬
ings from studies in which there has been a pharmacolog-

ically induced reduction of brain aminergic function in
man. The biogenic amine hypotheses would predict that
such a reduction would be accompanied by clinical depres¬
sion, or by a depression-like syndrome. As will be shown,
the evidence to date does not confirm this prediction.

We are concerned with the possibility that the biogenic
amine hypotheses of affective disorders may have led to
premature closure on some important issues, and may pro¬
vide an oversimplistic framework for our understanding
of the relationship between the psychopathology and
underlying biology. While the proponents of these hypoth¬
eses do note their limits, there remains a prevalent tend¬
ency to design experiments that fall within the frame¬
work of the hypotheses and to interpret results according
to how they affect the amine hypotheses. It may be that
this creates a type of "tunnel thinking" that could lead to
a failure to consider alternative explanations and inter¬
pretations of experimental data.

Reserpine
The gross behavioral syndrome and sedation produced

by the administration of reserpine as originally described
by Bein11 in rats, has been proposed as a model for depres¬
sion. The subsequent discovery that reserpine depleted the
brain of serotonin12 and catecholamines (CA)"·" served as
an impetus for the theories linking monoamines with de¬
pression.

During the 1950s there were a number of reports of "de¬
pression" in patients being treated with reserpine for hy¬
pertension.15-" However, only a small and varying per¬
centage of patients developed this syndrome. Many of the
reports are retrospective, poorly documented, and difficult
to evaluate, especially insofar as the criteria used to diag¬
nose depression are concerned. While the true incidence of
this syndrome cannot be determined from these reports it
has been estimated that about 6% of the patients who re¬
ceived reserpine for long periods of time, did develop a

syndrome suggestive of "endogenous depression."23 Fur¬
ther, in most cases the syndrome only developed after
months and was infrequent, even in patients who received
relatively large doses of reserpine for many months. It
seems probable from the available reports that many, if
not most, of the patients who developed this syndrome
had a previous history of psychiatric disturbance, often
depression. Goodwin and Bunney23 have concluded that
the more the reserpine syndrome resembled the clinical
presentation of "endogenous depression," the more likely
it was that the patient had a past history of depression.
Thus, it would seem possible that rather than cause a de¬
pression-like syndrome in man, reserpine precipitates the
syndrome in a relatively small number of susceptible per¬
sons.

In the only controlled prospective study of the effect of
reserpine on mood that we know of, Bernstein and Kauf¬
man22 reported that there was no significant depression in
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a group of 50 patients who received reserpine for 12 to 18
months. This study is notable in that there was a careful
base line evaluation of the patients prior to reserpine
treatment, and the patients were seen regularly through¬
out treatment. In most other reports the first psychiatric
evaluation occurred after the patient had developed symp¬
toms while receiving reserpine. Twelve of Bernstein's and
Kaufman's patients developed a "pseudodepression," "a
reaction of excessive tranquilization, with diminished psy¬
chomotor activity"; they were "slowed down," "tired," and
"lacking push." However, none were suicidal, self-de¬
precatory, crying, or "blue." Associated symptoms of
depression such as insomnia or anorexia were mild and in¬
frequent. Bernstein and Kaufman suggest that a reser-

pine-associated "depressive reaction" may not be due to
the pharmacological action of reserpine per se, but to the
psychological meaning of the psychomotor retardation
produced by the drug to the individual patient. They sug¬
gested that the patients who developed depressive symp¬
toms were those who tended to use psychomotor activity
as a means of reassuring themselves of their adequacy-
patients who feared passivity; who were threatened by
being calmed.

This interpretation of the mood alteration produced by
reserpine is compatible with the results of subsequent ex¬

periments by Schachter and Singer,24 who noted that the
physiological arousal produced by an injection of epineph¬
rine was not in itself sufficient to produce mood changes.
Also, manipulation of the environment in the absence of
an injection of epinephrine produced little emotional
arousal. However, the physiological changes made by an

injection of epinephrine predisposed a person to react to
environmental manipulation with a variety of emotional
responses. They suggested that an emotional state is a

function of both a state of physiological arousal and of a

cognition appropriate to this state of arousal. Goldstein et
al25 also recently reported data suggesting that "actual
physiological arousal was a crucial mediator of emotion,
since, regardless of a subject's artifically provided cogni¬
tion of physiological arousal, he seemingly did not experi¬
ence much emotion unless there was actual physiological
arousal." If so, it may be that the physiological changes
produced by reserpine that lead to psychomotor retarda¬
tion, trigger a depression-like syndrome in susceptible
persons. These patients would be those who interpreted
the psychomotor retardation produced by reserpine as

"depression."
It seems to us that there may not have been sufficient

effort to distinguish between the mood components of de¬
pression and psychomotor retardation, and to evaluate the
psychological effects of long-term psychomotor retarda¬
tion on certain susceptible persons.

The view that reserpine produces primarily psychomo¬
tor retardation in man rather than depression is strength¬
ened by the recent observations that suggest that the
sedation or tranquilization seen in reserpine-treated ani¬
mals results from dopamine depletion or inhibition of up¬
take of dopamine into storage granules.20~28 Dopamine is
located primarily in the caudate nucleus,29-30 an area of the
brain previously not considered to be involved with "emo¬
tional behavior" but known to play a critical role in lo¬
comotor activity and, perhaps in certain "stereotyped" be¬
haviors.3134 It seems possible, then, that the behavioral

changes in man attributed to reserpine are at least in part
a consequence of the "sedative-motor" effect of dopamine
depletion. Certainly, the reports of increased motor activ¬
ity in depressed patients produced with 3',4' dihydroxy-
phenylalanine (levodopa) without alleviation of the "de¬
pression"35 is in keeping with this. It is of course possible
that dopamine may play some role in the mediation of
emotions as well as motor activities, and further attention
should be given to this possibility.

The comments that follow review the behavioral
changes produced by alpha-methyl-para-tyrosine (AMPT)
and by parachlorophenylalanine (PCPA). These agents
produce a relatively selective depletion of either brain CA
or of serotonin, respectively. Depletion of these amines is
produced by inhibition of the enzymes that are rate-limit¬
ing in their synthesis, tyrosine hydroxylase for CA and
tryptophan hydroxylase for serotonin.

This mechanism of action deserves to be emphasized in¬
sofar as it has been considered that the total biogenic
amine content of a neuron is divided into at least two dif¬
ferent "pools": (1) a large, stable pool that turns over

slowly and possibly functions in some reserve capacity and
(2) a smaller pool that turns over rapidly and from which
amines are normally released to produce their effects.36
Evidence has been presented that it is, at least for NE,
newly synthesized or newly stored amine that is impor¬
tant functionally.3739 Perhaps then, it is this newly
synthesized or newly stored amine that corresponds to the
"functional" pool.

If this is the case, then functional effects would be ex¬

pected to be seen with agents that inhibit synthesis (or re¬
cent storage). There may be a time lag for such effects to
become apparent—the time necessary for the storage com¬

partment to be utilized. Indeed, Rech et al40 have shown
that prior administration of reserpine to rats enhances
the intensity and rapidity of the behavioral effects of
AMPT. Thus, studies using these agents probably do pro¬
vide a good indication of the behavior effects of functional
amine depletion. It should be noted that one cannot be
certain, in man, just how much synthesis inhibition is oc¬

curring in the central nervous system (CNS), and if this
inhibition is uniform throughout the brain. Limited stud¬
ies of lumbar fluid amine metabolite, together with exten¬
sive studies in animals, suggest that major brain amine
depletion does occur with these agents. Indeed, they do
have behavioral effects suggesting alterations in CNS
function.

Alpha-Methyl-Para-Tyrosine
Alpha-methyl-para-tyrosine selectively depletes the

brain of dopamine and NE, with little effect on serotonin.
The AMPT competitively inhibits tyrosine hydroxylase,41
the rate-limiting enzyme in CA biosynthesis42 with a re¬
sultant decrease in tissue stores of dopamine and NE.43 It
depletes both brain and peripheral CA. This must be con¬
sidered in the interpretation of reports of the behavioral
effects of AMPT, as changes in peripheral adrenergic
function can alter behavior.44·45

The administration of AMPT to man has not, in the
main, been associated with important alterations in mood.
Sjoerdsma et al46 and Engelman et al47 gave up to 4,000
mg AMPT to 52 medical patients. They estimated that pe¬
ripheral CA synthesis (as reflected by changes in urinary

Downloaded From: http://archpsyc.jamanetwork.com/ by a UQ Library User  on 06/21/2015



metabolites) was reduced by 50% to 80%. While behavioral
alterations varied, the most frequent was a mild sedation
in 44 of the 46 patients who received more than 1,000 mg
of AMPT daily. Sedation occurred within 24 hours of the
onset of treatment and unless the dose was increased, dis¬
appeared in about seven days. In doses above 2,000 mg
daily, sedation and feelings of fatigue tended to persist.
None of the 52 patients developed a true depression. Sev¬
eral did become agitated or anxious (especially those with
a history of psychiatric illness). Withdrawal of AMPT was
associated with "anxiety or agitated depression and
changes in sleep patterns" in some patients. Patients who
had had an overt sedative response to AMPT developed a

striking behavioral change consisting of "a pleasant feel¬
ing of alertness and ambition accompanied by insomnia
for 48 to 72 hours" on withdrawal of the drug.

Two groups of investigators48 4" have given AMPT (up
to 3,000 mg daily) to schizophrenic patients. Both noted
varying degrees of sedation but neither reported any clin¬
ical depression. Gershon et al49 specifically observed for
signs of depression but found none. Indeed one patient be¬
came "transiently euphoric" while receiving AMPT.

Brodie et al50 administered AMPT to seven manic pa¬
tients and to three depressed patients. The dose of AMPT
used and the reductions in urinary CA metabolites pro¬
duced are similar to those of the previous investigators.
Five of the seven manic patients given AMPT improved
clinically but only two relapsed when the drug was with¬
drawn, suggesting that for at least three of the patients
the clinical change may not have been due to the phar¬
macological actions of AMPT. Further, one manic patient
had a serious aggravation in his manic state with AMPT
administration and improved when the drug was with¬
drawn. The three psychotically depressed patients given
AMPT became increasingly worse. However, these three
patients were characterized by psychomotor retardation
and, in view of the sedative effects of AMPT, it is possible
that the apparent aggravation in depression may simply
have been the result of its sedative effect on patients who
were already "slowed down."

It is clear from these clinical studies that there is rela¬
tively little evidence that AMPT has a direct effect on
mood in either normal or psychiatrically disturbed per¬
sons.

Of all the studies reviewed, only that of Brodie et al50
provides even suggestive support for the view that a re¬
duction in catecholamines is associated with depression,
and in their study only two out of seven manic patients
unequivocally improved (as predicted by the hypotheses)
while one deteriorated (contrary to the hypotheses). It is
possible that these changes, as well as those seen in their
depressed patients could have been due to AMPT excret¬
ing a sedative effect, as suggested by the observations of
the other investigators who have used this compound in
man.

In animals, AMPT administration is associated with
certain behavioral changes. In brief it produces sedation
and decreased spontaneous motor activity435153; decreases
rotorod performance, a measure of motor coordination53-55;
suppresses conditioned-avoidance responses5357; self-stim¬
ulatory behavior58; and fighting in mice made aggressive
by housing in isolation.59 These behavioral effects appear
to be the result of CA depletion rather than a direct effect of

AMPT on CNS activity or a toxic effect of the drug.40·53-55·60
While these changes are of interest and clearly reflect
brain CA's important role in behavior, they are not in any
way suggestive of depression, or would be predicted by
the hypotheses.

Redmond et al"1·"2 suggested that AMPT produced a be¬
havioral state analogous to human depression in monkeys.
Chronic dietary administration of AMPT to Macaca spe¬
ciosa resulted in decreased total social interactions and
initiatives, postural and facial changes suggestive of
withdrawal, diminished motor activity without tremor or
dysfunction, together with a continued willingness to re¬
main near other monkeys and respond appropriately to
their social initiatives. While these animals did show a de¬
crease in social initiatives, they remained within the
group rather than withdrawing and continued to respond
to stimuli from others. This is unlike the behavior of de¬
pressed patients who are more likely to withdraw from so¬
cial contacts and to show a reduced response to initiatives.
Further, the monkeys did not develop such symptoms of
depression as sleep disturbance, and loss of appetite and
weight and loss of libido. It seems that while these mon¬

keys may have had some of the features associated with
clinical depression (perhaps due to dopamine depletion),
they did not exhibit some of the key affective and vegeta¬
tive symptoms seen in clinical depression. This would sug¬
gest that it may be inappropriate to extrapolate from the
model to clinical depression—at least without more exten¬
sive studies.

Parachlorophenylalanine
Parachlorophenylalanine inhibits brainstem trypto-

phan hydroxylase03 reducing the conversion of tryptophan
to serotonin and leading to a depletion of brain seroto¬
nin.64 In addition to the pronounced reduction in seroto¬
nin, PCPA does cause some lowering of NE stores.65·66
However, with doses that produce 80% to 90% depletion of
serotonin, the tissue content of NE is usually not lowered
more than 25%.

Clinical experience with PCPA is limited. Daily doses of
up to 4 gm have been given to six healthy male volunteers,
12 patients with carcinoid syndrome, nine migrainous pa¬
tients, and one addict receiving methadone.6770 Various
measures including blood serotonin levels and urinary and
cerebrospinal fluid, 5-hydroxyindoleacetic acid (5HIAA)
were reduced by 60% to 80% of base line values. While
there were a variety of behavioral side effects including
tiredness, restlessness, a feeling of unease, anxiety, and
at higher doses more severe symptoms such as confusion,
agitation, and paranoid thinking, there was no great
tendency for these patients to become depressed. Carpen¬
ter69 conducted a systematic psychiatric evaluation of
seven patients with carcinoid tumors who were receiving
PCPA and concluded that the changes did not resemble
any particular syndrome and were nonspecific in nature.
Those changes that did occur were all self-limited.

While the administration of PCPA to animals results in
a number of striking behavioral changes, it does not pro¬
duce a reserpine-like syndrome or indeed any significant
behavior resembling depression, nor does it prevent its de¬
velopment of the reserpine-induced syndrome.64 Indeed it
is more common to see insomnia,7175 hypersexual,76"79 and
hyperaggressive80"82 behaviors, and, in general, an irrita-
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bility and hyperreactivity to the environment.83 These be¬
havioral changes are, if anything, reminiscent of mania.
It must be noted that PCPAs inhibition of tryptophan hy¬
droxylase does not appear to occur to the same degree in
all tissues, eg, it does not inhibit tryptophan hydroxylase
in the pineal.84 Thus, it is possible that the failure to pro¬
duce a depression-like syndrome with PCPA is because it
does not affect serotonin production in some crucial local¬
ized area of the CNS.

Comment
The literature reviewed here strongly suggests that the

depletion of brain NE, dopamine, or serotonin is in itself
not sufficient to account for the development of the clini¬
cal syndrome of depression. Such depletion, even if severe
and accompanied by a reduction in amine turnover pro¬
duces few persistent behavioral changes compatible with
depressive symptomatology. In fact, when one considers
how much amine reduction is necessary to produce behav¬
ioral deficits in animals, it seems unlikely that such severe
depletion could occur in depressed patients and not be
more readily detectable, unless it were sharply localized.
And if it did only occur in a restricted area of brain, then
this would be a convincing argument against a research
strategy (designed to explore etiology) that was based on
the measurement of amine metabolism in blood, or other
investigations that measured amine metabolism in gen¬
eral. Further, it should be noted that the extent of amine
depletion produced with synthesis inhibitors appears to be
greater and more consistent than that seen in depressed
patients.9 However, such strategies may be of value in
other areas, eg, treatment response.85·86

As noted earlier, there is little consistent evidence from
clinical studies favoring the simplistic notion of a deple¬
tion in aminergic function in depression.910 However, in
view of the wealth of pharmacological data on amines and
mood, it would be inappropriate to argue that some dys¬
function in aminergic activity does not play some role in
this syndrome. Rather, it seems necessary to conclude that
some other systems must be involved as well. These may
either be more important than the changes in amine func¬
tion (assuming such changes exist) and in themselves be
responsible for the development of the syndrome, or may
act synergistically with the amine changes to produce the
abnormal clinical state.8790

Two additional considerations are of importance. (1)
There is extensive evidence that the syndrome of clinical
depression includes several distinct conditions. It is there¬
fore possible, that the failure to demonstrate consistent
differences in amine metabolism in groups of depressed
patients may be the result of not separating these pa¬
tients into meaningful subgroups. (2) In interpreting the
findings from the studies utilizing amine-depleting
agents, it must be remembered that they probably have
complex interactions with multiple brain biochemical sys¬
tems, either directly, or as a consequence of their primary
actions. It is reasonable to assume that much more re¬

mains to be learned of these interactions, which may pro¬
duce a modification of the drugs' primary action.

The fact remains, however, that administration of
drugs to humans in amounts sufficient to produce greater
depletion of amines than has consistently been reported to
occur in depressed patients does not in itself produce de¬
pression.

This study was supported in part by Research Funds from the Veterans
Administration.
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