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Urinary Phenyl Acetate: A Diagnostic Test for Depression?

Abstract. The compound 2-phenylethylamine is an “‘endogenous amphetamine’
‘which may modulate central adrenergic functions. 2-Phenylethylamine is mainly
metabolized by monoamine oxidase to form phenyl acetate (PAA). The 24-hour
urinary excretion of PAA was measured in normal healthy volunteers and depressed
patients. Patients were diagnosed according to the Diagnostic and Statistical Manual
of Mental Disorders, edition 3. In 70 percent of healthy volunteers of both sexes, the
excretion of PAA ranged between 70 and 175 milligrams per 24 hours
(mean = 141.1 = 10.2). Inpatients with major depressive disorder (unipolar type)
(N = 31) excreted less PAA (68.7 = 7.0 milligrams per 24 hours) and 55 percent of
them excreted less than 70 milligrams per 24 hours, there were no significant
differences in the PAA excretion between untreated patients (N = 13) and those
treated with antidepressants that were not effective (N = 18). The PAA excretion
was reduced to a lesser extent in 35 less severely depressed unipolar outpatients
(drug-free for 1 week) (86.3 + 11.8 milligrams per 24 hours). These results suggest
that low PAA urinary excretion may be a reliable state marker for the diagnosis of
some forms of unipolar major depressive disorders.

The phenylethylamine hypothesis of
affective behavior states that 2-phenyl-
ethylamine (PEA) is a neuromodulator
responsible for triggering or sustaining
wakefulness, alertness, and excitement,
possibly by the modulation of brain cate-
cholamine synapses (/). A decrease in
the brain concentrations or turnover of
endogenous PEA may therefore play a
major physiopathological role in certain
forms of endogenous depression, where-
as an increase in the concentrations of
PEA in the brain or the activation of
specific PEA receptors in brain neurons
may be responsible in part for the actions
of antidepressant and stimulant drugs
).

Structurally, PEA is closely related to
amphetamine and to catecholamines;
PEA induces behavioral and electro-
physiological effects similar to those of
amphetamine. These effects are marked-
ly enhanced by monoamine oxidase
(MAO) inhibitors because PEA is rapidly
metabolized by MAO type B (3), forming
phenyl acetate (PAA). Pharmacological
studies in animals have shown a fairly
consistent relation between the affective
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changes induced by drugs in man and
their effects on PEA in the brain (2).
Behavioral studies suggest that ampheta-
mine mimics and haloperidol blocks the
receptors for PEA in brain neurons (2).
The concentrations of PEA in the brain
are increased by all types of antidepres-
sant treatments, including not only clas-
sical MAO inhibitors but also tricyclic
antidepressants of the imipramine type
and electroshock (2). This action is re-
markably selective in the case of tricy-

clic antidepressants, which do not modi-
fy the brain concentrations of catechol-
amines or serotonin. On the other hand,
MAO inhibitors and electroshock also
increase the brain concentrations of oth-
er amines. Among antipsychotic drugs,
chlorpromazine does not alter concen-
trations- of PEA in the brain, whereas
reserpine (which can cause depression in
humans) reduces the concentration of
PEA in the brain (2). The euphoriant
agent marihuana (tetrahydrocannabinol)
increases brain PEA concentrations and
reduces the disposition of PEA in the
brain (2) with only minor changes in
other neuroamines.

Because the amounts of PEA excreted
in the urine are very low and highly
variable in both control and depressed
subjects, clinical studies in which inves-
tigators attempted to apply the above
concepts have not been successful. We
have now studied the 24-hour urinary
excretion of its metabolite PAA. After
acid hydrolysis of phenylacetylgluta-
mine, the total amount of PAA as its
trimethylsilyl derivative was measured
by gas-liquid chromatography with flame
ionization detection (4).

We studied the 24-hour excretion of
PAA in three populations of adults of
both sexes: (i) 48 healthy adult volun-
teers, mainly hospital staff members and
their relatives, students and their rela-
tives, who were drug-free; (ii) 31 inpa-
tients at admission (of whom 13 had not
had antidepressants for two or more
days before urine collection); and (iii) 35
outpatients, drug-free for at least 1 week.
In each case, the completeness of the
collection was stressed, volumes were
checked, and several samples were ob-
tained and averaged in many cases. Inpa-
tients were diagnosed according to the
Diagnostic and Statistical Manual of
Mental Disorders, edition 3 (DSM-III),
and the severity of their symptoms was
evaluated by means of the Beck depres-
sion scale, the Zung depression and anxi-

Table 1. Urinary excretion of phenyl acetate (mean = standard error).

Subjects

Phenyl Percentage of group

acetate excreting
excreted <70 70-175 > 175
Group N Age (mg/24 mg/24 mg/24 mg/24
hours) hours hours hours
Adult controls 48 16-59 141.1 = 10.2 15 70 15
Depressed (unipolar) 18 18-76 68.6 + 8.8* 50 50 0
inpatients
Depressed (unipolar) 13 22-48 68.8 = 7.0* 62 38 0
inpatients, untreated
Depressed (unipolar) 35 26-59 86.3 = 11.8* 54 37 9

outpatients, untreated

*P < .001 (t-test).
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ety scales, and the Global Assessment
Scale (5). Outpatients were diagnosed
according to DSM-III, after a Schedule
for Affective Disorders and Schizophre-
nia (SADS) interview (5). Both patient
groups included only major depressive
disorders of the unipolar type (MDD). In
healthy volunteers 16 years or older, the
PAA excretion averaged 141.1 = 10.2
mg per 24 hours, with 70 percent of the
subjects excreting between 70 and 175
mg per 24 hours (Table 1). Low values
for PAA excretion were found at admis-
sion in patients (N = 31) with unipolar
depression: average = 68.7 =+ 7.0 mg
per 24 hours. Fifty-five percent of these
depressed subjects excreted less than 70
mg per 24 hours, whereas only 15 per-
cent of the controls excreted as little.
There were no cases of high PAA excre-
tion in this group (15 percent of the
controls excreted more than 175 mg per
24 hours). The PAA excretion was equal-
ly low in untreated unipolar depressed
inpatients and in patients who had re-
ceived antidepressant medication prior
to admission without clinical improve-
ment. Ongoing longitudinal studies dur-
ing treatment (6) showed that effective
antidepressant treatment increases PAA
excretion. Outpatients with less severe
forms of MDD who still meet DSM-III
criteria as shown by scores in SADS
interviews excreted PAA in a range in-
termediate between that of more severe-
ly depressed inpatients and that of con-
trols.

These results suggest that measure-
ment of PAA urinary excretion may be a
valuable diagnostic test in affective dis-
orders, particularly because PAA is ex-
creted in very high amounts (milligram
range) in comparison to other amine
metabolites. Since PAA is the major
metabolite of PEA, the observed differ-
ences between control and depressed
subjects supports the PEA theory of
affective behavior. However, there may
be other sources for the PAA found in
urine, such as dietary and bacterial
transformation of phenylalanine by the
gut flora. Several lines of evidence sup-
port the view that urinary PAA reflects
mainly PEA metabolism in the body
rather than in the gastrointestinal tract.
Stein et al. (7) reported no difference
between the amounts of PAA excreted
by normal individuals while fasting and
those on a normal diet; they concluded
that diet has no effect on PAA excretion.
Seakins (8) reported that an oral phenyl-
alanine load did not increase PAA excre-
tion. It has also been observed that after
the ingestion of neomycin, which Kkills
gut flora, the PAA urine excretion is not
altered (9). Moreover, PAA excretion
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has been reported low in some chronic
cases of schizophrenia (/0), and high
PAA concentrations in plasma were ob-
served in aggressive psychopaths (11).
H. C. SABELLI*
J. FAWCETT
F. Gusovsky
J. JAvAaID
J. EDWARDS
H. JEFFRIESS
Department of Psychiatry, Rush
Presbyterian—St. Luke’s Medical
Center, Chicago, Illinois 60612

References and Notes

1. E. Fischer, R. I. Ludmer, H. C. Sabelli, Acta
Physiol. Lat. Am. 17, 15 (1967); H. C. Sabelli,
A. D. Mosnaim, A. J. Vazquez, in Neurohor-
monal Coding of Brain Function, R. D. Myers
and R. R. Drucker-Colin, Eds. (Plenum, New
York, 1974), p. 331; E. Fischer, Biol. Psychiatry
10 (No. 6), 667 (1975).

2. H. C. Sabelli and A. D. Mosnaim, Am. J.
Psychiatry 131, 695 (1974); H. C. Sabelli et al.,
Biochem. Pharmacol 27, 1707 (1977).

3. H. Yang and N. J. Neff, J. Pharmacol. Exp.
Ther. 187, 65 (1973).

4. Urine was collected over a 24-hour period, the
volume was measured, and 250-m! portions
were kept at 4°C until the day of analysis. For
each urine sample, 2 ml was acidified with 2 ml
of 6N HCI. Phenylpropionic acid (300 pg) was
added to each sample as an internal standard.
All samples were heated at 100°C for 4 hours to
hydrolyze conjugated PAA (PAA-glutamine).

The samples were then cooled in an ice bath and
extracted with 1 ml of ethyl acetate. Then 25 pl
of the organic layer were derivatized with 25 pl
of bis-trimethylsilyl trifluoro-acetamide. Be-
tween 1 and 5 pl of this mixture was injected
into a Packard gas chromatograph with flame-
ionization detector. The column (180 cm long)
was packed with 3 percent OV-17. The oven
temperature was constant at 175°C. Retention
times under these conditions were 60 seconds
for the PAA derivative and 90 seconds for the
internal standard derivative.

5. A. T. Beck and A. Beamesderfer, in Modern
Problems in Pharmacopsychiatry, P. Pichot,
Ed. (Kayer, Basel, 1974), p. 151; W. W. K.
Zung, Arch. Gen. Psychiatry 12, 63 (1965); R. L.
Spitzer, M. Gibbon, J. Endicott, Global Assess-
ment Scale (New York State Department of
Mental Hygiene, New York, 1973); J. Endicott
and7§. Spitzer, Arch. Gen. Psychiatry 35, 837
(1978).

6. J. Fawcett, H. C. Sabelli, F. Gusovsky, P.
Epstein, J. Javaid, H. Jeffriess, Fed. Proc. Fed.
Am. Soc. Exp. Biol. 42, 1164 (1983); F. Gu-
sovsky, H. C. Sabelli, J. Fawcett, J. Javaid, H.
Jeflriess, ibid., p. 1164.

7. W. H. Stein, A. C. Paladini, C. H. W. Hies, S.
Moore, J. Am. Chem. Soc. 76, 2848 (1954).

8. J. W. T. Seakins, Clin. Chim. Acta 35, 121
(1971).

9. H. E. Martin, F. Karoum, R. J. Wyatt, Anal.
Biochem. 99, 283 (1979).

10. S. G. Potkin, R. J. Wyatt, F. Karoum, Psycho-
pharmacol. Bull. 16, 52 (1980).

11. M. Sandler, C. R. J. Ruthven, B. L. Goodwin,
H. Field, R. Matthews, Lancet 1978-11, 1269
(1978).

12. This research was supported in part by the
Retirement Research Foundation and a gift from
Illinois Capacitor Foundation.

* To whom reprint requests should be directed.

27 January 1983; revised 7 March 1983

Serological Visualization of Interleukin 2

Abstract. Interleukin 2, a lymphokine that acts as a second signal of cellular
immune response by way of its action as a T-cell growth factor, was morphologically
identified by immunoperoxidase staining. With the use of a monoclonal antibody to
interleukin 2 and several complex-forming antisera, the lymphokine was readily
distinguished in cytocentrifuge preparations of peripheral blood leukocytes stimulat-
ed with a T-cell mitogen. When preparations of cloned interleukin 2 producer and
responder cells were stained by the same procedures, discrete patterns of both
responder and producer cell phenotypes were revealed. Interleukin 2 producer T cells
exhibited a characteristic intense, ringlike cytoplasmic staining, whereas the re-
sponder cells (as exemplified by interleukin 2-dependent cell lines) exhibited a less
intensive, spotlike membrane staining. In addition, intense membrane localization of
interleukin 2, reminiscent of potential capping phenomena, could be observed in
stained preparations of cloned responder cells.

The lymphokine interleukin 2 (IL-2),
also referred to as T-cell growth factor,
is an obligatory soluble factor that pro-
motes mitogen- and antigen-induced T-
cell proliferation (/). Interleukin 2 acts to
promote the differentiation of cytolytic
effector cells both in vitro and in vivo (2).
Investigators at our laboratory recently
described the generation of B-cell hybri-
domas whose antibody products neutral-
ized IL-2 in several discrete experi-
ments, including inhibition of T-cell mi-
togenesis and generation of alloreactive
cytolytic T cells (3). On the basis of
recent studies documenting the exis-
tence of IL-2 surface receptors on lym-
phokine responsive cell lines (4, 5), we
questioned whether a monoclonal
immunoglobulin G (IgG) antibody to IL-

2 could also be used for the morphologi-
cal demonstration of IL-2. By means of
such a monoclonal antibody and an im-
munoperoxidase staining procedure we
were able to visualize IL-2 deposits both
in the cytoplasm and on the surface of
producer and responder subpopulations
of human T cells. In this report we
summarize our findings and describe the
differential staining patterns associated
with IL-2 producer and responder cell
phenotypes.

The monoclonal IgG antibody to IL-2,
of the vy,b subclass, was produced and
purified as described (6). One hybridoma
clone (4E12B2F7) produced particularly
high titers of the antibody in the superna-
tant and ascites; these were therefore
used as the starting materials for the
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