CATECHOL AMINES IN PsyCHIATRIC PATIENTS

TABLE I. Incorporation of Glucose-2-C* into
Liver and Tumor RNA Ribose of Yoshida Ascites
Bearing Rats.

Ribose carbon No.
1 2 3 4 5

Tumor 36.2* 100 40.6 454 30.8
35.2 7 454

Liver 100 ? 944 935 844
90.5 7 727 93.6 727

344 7 53 0 0
23.6 7 20 0 0

Control liver
(Tumor-free rat(4))

* Values expressed as % of specific activity in
C..

tumor of the administered glucose-2-C* re-
sults in a randomization of label throughout
the hexose; the observed pattern of ribose
labeling in the liver resulting from normal
pentose synthesis by the liver, utilizing, how-
ever, a hexose precursor in which all carbon
atoms are labeled. This latter alternative is
supported by the recent finding that glucose-
2-C™ administration to tumor-bearing mice
resulted in liver glycogen containing C!* dis-
tributed throughout all carbons of the hexose
(8). These findings have been interpreted as
indicating that the tumor caused an extremely
active reversible conversion of the adminis-
tered C1* glucose through the Embden-Meyer-
hoff and tricarboxylic acid cycles resulting in
migration of the C' from its original position
to other locations in the glucose molecule.
Whether these alterations are due to the tu-
mor per se or to the indirect influence of the
presence of the tumor on the metabolism of
other tissues remains obscure.

Plasma Catechol Amines in Psychiatric Patients.

377

While uncertainty as to the labeling pat-
tern of the hexose precursor of ribose in tis-
sues of tumor-bearing rats precludes precise
interpretations of the pathways of pentose
biosynthesis, the preponderance of label in
carbon 2 of ribose would seem to eliminate
decarboxylation of hexose as the dominant
reaction in pentose biosynthesis(4).

Summary. Pathways of pentose biosyn-
thesis in the liver and tumor of control and
tumor bearing rats have been studied em-
ploying glucose-2-C1* as the isotopic precur-
sor. Presence of the tumor in the animal
caused marked alteration in the labeling pat-
tern, of liver RNA ribose, with the C* being
distributed almost equally throughout the
carbon chains. However, tumor RNA ribose
is characterized by greater isotopic asym-
metry with carbon atom 2 being most radio-
active. Possible metabolic mechanisms un-
derlying these observations are discussed.
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Interest in the determination of plasma
concentrations of catechol amines has in-
creased since the development of sensitive
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fluorometric methods by Lund(1) and Weil-
Malherbe and Bone(2). The ethylenedia-
mine method of Weil-Malherbe and Bone is
more sensitive but less specific to epinephrine
and norepinephrine than the Lund method.
It has been used to follow the changes in
blood levels of catechol amines in psychiatric
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TABLE I. Concentration of Catechol Amines in
Plasma of Psychiatric Patients.
Conc. of amine (ug/liter) *
Subjects Epinephrine Norepinephrine
Patients 48 1.2 10 33+ .24
Controls 27 1.2 £ 09 3.0 *+ .23
P value >3 >4
* Mean = S.E.

clinics following therapeutic treatment(3.4).
The ethylenediamine method has also been
found reliable in measuring the altered levels
of circulating norepinephrine and epinephrine
found in pheochromocytoma(3) and a modi-
fication of the method(6) has bheen used to
follow changes in amine levels in patients
undergoing various surgical procedures(7).
Several workers have used the ethvlenedia-
mine method to measure the changes in cir-
culating catechol amines after anesthetic(8.9)
and other drug actions(10.11.12) in experi-
mental animals.

It is the purpose of this paper to report the
levels of circulating catechol amines. with
fluorescent spectral characteristics similar to
epinephrine and norepinephrine. in psychiat-
ric patients of various diagnostic categories.

Methods and chemical procedure. The
catechol amine content in plasma was meas-
ured by the method of Weil-Malherbe and
Bone(1). The test was started immediately
after the blood was drawn. All of the chemi-
cal tests were performed by the same person.
Slight modifications were made in the method-
ology. The amines were adsorbed from he-
parinized plasma by shaking with alumina
washed free of fluorescent material. The
alumina used was the non alkaline type
(Woelm brand) recommended by Aronow.
The use of double distilled water and ethyl-
enediamine redistilled daily resulted in a min-
imum of fluorescence in the blanks. The
fluorescence of standard solutions of crystal-
line epinephrine and norepinephrine were al-
ways compared to the unknown samples. Re-
coveries averaged 90% for both amines.

Fluorescence of ethylenediamine-coupled
amines was measured in a Farrand fluoro-
meter Model A, equipped with a photomulti-
plier tube. The primary filter system was
composed of Corning filters numbers 5113

CATECHOL AMINES IN PsYCHIATRIC PATIENTS

and 3389, which passed the 436 mu line. One
secondary filter consisted of Corning numbers
5433 and 3384, which passed a band in the re-
gion of 510 myu and the other secondary filter
was a Corning number 2418 with a cut off
at approximately 600 mu. Psychiatric Evalu-
ation. Patients were selected from the in-
patient service of the Payne Whitney Psychi-
atric Clinic and represented a range of diag-
nostic categories and of emotional disturbance.
Evaluation of the patient’s diagnostic and
emotional status at the time of testing was
made by one of the authors (P.R.) who was
familiar with all of the patients. Control sub-
jects were hospital employees (physicians,
nurses. laboratory and clinical workers) who
showed no clinical evidence of psychiatric ill-
ness. In all. 48 patients and 27 controls were
studied. Although most patients have re-
ceived many repeated studies, only the first
observations are reported here.

Results. Twenty-one of the patients studied
had schizophrenic reactions. 19 affective dis-
orders. 4 paranoid reactions, and 4 psycho-
neurotic reactions. In 48 samples of plasma,
obtained from patients and tested for catechol
amines of the epinephrine and norepinephrine
tvpe. considerable variation in the plasma
amine level was observed. The range of
epinephrine values in 48 patients varied from
zero to 2.5 pg/liter of plasma, while the range
of norepinephrine values varied from 0.1 to
8.6 ug/liter of plasma. The range of epine-
phrine values in 27 controls varied from zero
to 2.5 pg/liter of plasma and the range of
values for norepinephrine varied from 0.4 to
5.6 ug liter. These data, tabulated in Table
I. showing a comparison between catechol
amine levels of patients and controls, were ob-
tained within the same time period. No sig-
nificant difference was found between the

TABLE II. Concentration of Catechol Amines in
Plasma of Patients of Different Diagnostic Categories.

Conc. of amine (ug/1)*

Diagnostic No. of Epineph- Norepi—

category patients rine nephrine

Schizophrenic 21 1.1 *.17 3.3 =+.39

Affective reaction 19 1.3 *.16 33 % 42

Paranoid ” 4 g5+ .22 3.3+ 47

Psychoneurotic 4 1.5 £ 40 23+.14
* Mean =+ S.E.
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TABLE III. Fluorescence of Possible Interfering
Substances in Weil-Malherbe and Bone Method.

% of fluorescence

produced by
1 ug/100 ml of
Conc. Epineph- Norepi-
Compound ug/100 ml rine nephrine
Dihydroxyphenyl- 100 15 0
alanine
3 hydroxytyramine 1 60 100
Tyramine 5000 20 30
5 hydroxy- 200 0 40
tryptamine

data of the patients and controls.

A further analysis was made of the patient
group in which the patients were considered
as to diagnostic category (Table IT). A test
of significance was made between each diag-
nostic category as compared to the controls.
The only significant difference observed was
that of the norepinephrine levels in the psy-
choneurotic group as compared to the control
norepinephrine levels. A “P” value of .02
was found but the sample of 4 psychoneu-
rotics is to be extended before we positively
assign significance to this category.

Interfering Compounds. Three of the com-
pounds considered to interfere with the ethyl-
enediamine test were compared to 1 ug %
solutions of epinephrine and norepinephrine
(Table TII). These compounds, dihydroxy-
phenylalanine, tyramine and 5 hydroxytryp-
tamine showed interference qualitatively simi-
lar to that reported by Weil-Malherbe and
Bone(2). The fourth compound, 3 hydroxy-
tyramine, was found to interfere with both
epinephrine and norepinephrine in equivalent
concentrations. Qur data are in agreement
with those of Valk and Price(13) that this
compound, if present in plasma, could seri-

ously interfere with the ethylenediamine
method.
Discussion. The ethylenediamine method

used to determine the level of circulating cate-
chol amine has been criticized by Valk and
Price(13). They indicate that the ethylene-
diamine method is not specific to the amines,
particularly norepinephrine, and possibly
measures a degradation product of 3 hydroxy-
tyramine metabolism such as dihydroxyphen-
ylacetic acid. Nevertheless, the method does
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reflect changes in catechol amine content of
the epinephrine and norepinephrine type in
cases of pheochromocytoma(5). The ratio
of these amines in the patients, as measured
by the Weil-Malherbe and Bone method, is
in agreement with the observations of Holton
(14), Engel and Euler(15) and Goldenberg
and Rapport(16). Furthermore, it can be
demonstrated with this method that the cate-
chol amine level slowly returns to normal val-
ues following surgical ablation of the tumor
(17). We have also observed that a patient
with pheochromocytoma having preoperative
levels of 3.0 and 17.5 pg/liter of epinephrine
and norepinephrine, respectively, gave values
of 0.8 and 3.2 ug/liter 2 weeks post opera-
tively. Thus it appears that the ethylene-
diamine method gives measurements which
follow the clinical picture in cases of pheo-
chromocytoma.

Experiments devised to determine a con-
stant quality or quantity in the interfering
substances have not been successful. The in-
terference can be due to 3-hydroxytyramine,
as indicated by our test (Table TIT) and that
reported by Valk and Price(13). It remains
to be demonstrated, however, that this com-
pound or any other dihydroxy catechol de-
rivative will persist in plasma. At this time,
therefore, it would seem best to accept the
conservative evaluation of the Weil-Malherbe
and Bone method which was proposed by
Hammond et al.(7). They state that the
values reported by them as epinephrine and
norepinephrine may include other compounds
and that these values may be legitimately ac-
cepted as maximal concentrations of plasma
epinephrine and norepinephrine. It is prob-
able that the absolute values for these amines
are lower than reported by the ethylenedi-
amine method; nonetheless, the method has
been useful in following fluctuations in cate-
chol amine content.

The data presented in this report demon-
strated that a group of psychiatric patients
did not maintain blood levels of catechol
amines that differ in general range from the
blood levels of “normal” individuals. The
findings are in agreement with those found in
a study of surgical cases(7), and are in keep-
ing with studies of most physiological vari-
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ables in psychiatric patients. Most studies.
however, have indicated that significant find-
ings depend on the use of repeated examina-
tions of the individual, in different situations
(18-21). Our incomplete series of multiple
testings indicate that this finding applies to
blood catechol amines. and warrant further
exploration with this method.

Summary. ‘The concentrations of catechol
amines with fluorescent absorption spectral
characteristics similar to epinephrine and
norepinephrine were determined in patients
and hospital personnel in a psychiatric hos-
pital. No significant differences were found
in blood levels of catechol amines in these
two groups. There were also no significant
differences observed in the catechol amine lev-
els among the various diagnostic categories
within the patient group. L dihvdroxyphe-
nylalanine. tyramine. and 3 hvdroxytrypta-
mine do not appreciably interfere with the
ethylenediamine method. 3 hydroxytyramine
had a fluorescent potential equivalent to that
of epinephrine and norepinephrine when these
compounds vere compared in the ethylene-
diamine method.
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In the study of the immunohematology of
acute acquired hemolytic anemia, the nature
and behavior of the serum proteins attracted
attention. An abnormal distribution of the
protein fractions was suggested by the greatly
accelerated sedimentation rate, autoagglu-
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tination, and high antibody titer. The only
reference to this subject in man is a short note
by Hansen(1) in which 3 of 4 cases of ac-
quired hemolytic anemia are reported to have
had elevated gamma globulins. Boyd has
summarized the results in excess antibody
production in animals(2).

Material and methods. Eight cases of ac-



