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“ Editor’s note: This review is a unique discussion of the determination of traces of amines in biolog-
ical fluids. As such it is of interest not only in the medical field but also to toxicologists, food scientists,
nutritionists, etc., and was hence accepted for publication in the general section of this journal.
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1. INTRODUCTION AND SCOPE OF THE REVIEW

The biogenic monoamines have been implicated in the neurochemistry and
physiology of mental illness and neurological disorders. Because the direct assessment
of the monoamines and their metabolites in the brain of living human subjects is not
possible and post-mortem samples suffer from a number of limitations, peripheral
measures of these compounds in urine, blood plasma and cerebrospinal fluid have
been carried out for the purpose of assessing the presence of a dysfunction in a given
condition. The results of hundreds of such investigations have been published over
the last 40-50 years.

These studies have been interesting not only for purely scientific reasons, but
also because they have potentially important practical applications for clinicians in
the diagnosis and treatment of these disorders. Originally it was hoped that analysis
of accessible body fluids of patients and normal controls would reveal statistically
reliable differences in metabolite concentrations which could serve as biological
“state” or ‘‘trait” markers. Despite a wealth of published papers and increasing
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sophistication of biochemical and analytical methodology, however, few marker can-
didates have been unambiguously established. More hopeful has been some psycho-
pharmacological work in which metabolite concentrations have been used as pre-
dictors of drug response or have been observed to respond to drug treatment in a
manner which parallels clinical response.

Part of the difficulty in obtaining consistently significant differences in the me-
tabolite concentrations of patients and controls undoubtedly reflects the complexity
and heterogeneity of psychiatric disorders; it is also caused, however, as a conse-
quence of biochemical individuality (sex, age, weight, height, ethnic origin, circadian
rhythms), environmental factors (diet, drug or alcohol ingestion, cigarette smoking,
physical and mental stress, posture) and for analytical reasons (sample storage condi-
tions and the specificity and sensitivity of the analytical methods). The importance of
using specific and sensitive methods for quantification becomes evident when com-
paring some of the earliest work with more recent results. Improvements in and the
introduction of new types of chromatography and derivatives have produced ever
better component resolution (and therefore greater specificity of the measurements),
and new and more sensitive means of detection have permitted ever smaller amounts
to be quantified.

This review is a summary of the results obtained over the last 25-30 years of
investigations of the concentrations of the biogenic monoamines and their metabo-
lites in the biological fluids of normal, psychiatric and neurological subjects. In the
first section, concentration values for normal controls and the analytical methods
employed are presented; in the second section, the concentrations for psychiatric and
neurological patients are tabulated; in the final section the individual and environ-
mental factors which may influence metabolite concentrations are described.

2. CONCENTRATIONS OF BIOGENIC MONOAMINES AND THEIR METABOLITES IN BODY
FLUIDS OF NORMAL SUBJECTS

2.1. Explanation of the tables

The calculation of the weighted mean of the mean concentrations for each
metabolite and fluid (and weighted mean of the standard errors of the mean) was
carried out as follows. For each study selected for inclusion, the reported concentra-
tion (converted to common units) and standard error (converted from standard de-
viation where required) was multiplied by the number of subjects in the study. All the
products were added to give a grand total concentration and standard error, which
was then divided by the total number of subjects to give the weighted mean value +
standard error of the mean (S.E.M.) reported in the tables. For a paper to be cited in a
table, it was necessary that the method of analysis, number of subjects and concentra-
tion in a biological fluid be reported. Papers in which the results clearly conflicted
with those in the majority of similar papers were excluded. For those metabolites for
which few analyses have been carried out, markedly different results from different
studies are presented separately. In the column headed “References and methods”,
the abbreviations refer to the method of isolation/separation and detection/quantifi-
cation. A reference number followed by an asterisk (*) indicates that the paper cited
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includes full details of the procedure for the isolation and quantification of the metab-
olite. The abbreviations are those commonly used in the literature, as follows:

IE = ion exchange;

PC = paper chromatography;

TLC = thin-layer chromatography;

Fl = spectrophotometric detection and quantification (mostly fluori-
metric);

GC = gas chromatography;

ECD = electron-capture detection;

FID = flame ionization detection;

ND = nitrogen detection;

NCI = negative chemical ionization;

MS = mass spectrometry;

HPLC = high-performance liquid chromatography;

ED = electrochemical, amperometric or coulometric detection;

REA = radioenzymatic assay;

RIA = radioimmunoassay;

n.d. = not detected.

2.2. Creatinine as a unit of urinary concentrations

Expression of excretion rates in units of metabolite per milligram of creatinine
has been suggested as a means of correcting for incomplete urine collections. How-
ever, several investigators have concluded that this may obscure important metabolic
variations in some mental patients'—3. For example, a high correlation between excre-
tion rates of homovanillic acid (HVA), indoleacetic acid (IAA), 5-hydroxyindoleace-
tic acid (5-HIAA) and tryptamine (TRA) and the excretion rate of creatinine has been
noted?~*. Further, daily excretion of creatinine in normals subjects® and schizophren-
ics! =36 has been found to be highly variable, with unmedicated schizophrenics excret-
ing significantly lower amounts than normal subjects*. Treatment of schizophrenics
with sulpiride or chlorpromazine, however, increases creatinine excretion*. Some of
the daily variation may be due to dietary factors®, but this does not appear to be the
sole cause of the variability!'>7. A diurnal variation in creatinine excretion has also
been reported®. McDonald and Weise® explained the difference in excretion rates of
creatinine between normal subjects and schizophrenics to be due to the fact that the
schizophrenics were older and heavier, a finding corroborated by Jenner et al.®, who
found that creatinine excretion was related to body weight. That women, who gener-
ally weigh less than men, also excrete significantly less creatinine than men lends
further confirmation to these results® 1?11, It has also been shown that there is a high
correlation between urine volume and creatinine excretion®!2. As the daily urine
volume is extremely variable, it was concluded that the use of creatinine excretion as a
correction factor for incomplete 24-h sample collection is not justified. Soliman et
al.'? found that urinary creatinine is stable for only 24 h when frozen, and not even
for 24 h if the samples had been acidified before freezing. However, in an HPLC
analysis of creatinine in CSF (at physiological pH), Swahn and Sedvall* observed no
correlation between creatinine level and storage time. In view of the problems associ-
ated with creatinine excretion measurements, urinary excretion rates are expressed by
most authors in units per 24 h, and this convention is followed in this review.
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2.3. Correlations between concentrations in body fluids and the brain

In contrast to an assessment of the activity of a given neuronal system in the
brain, the quantification of neurotransmitters and their metabolites in the CSF or
peripheral body fluids permits the control of such factors as diet, age and sex of the
subjects, medication and general physical health through experimental design. Such
studies also permit the accumulation of large sample sizes, and repeated measure-
ments in the same individual. It is necessary, however, to assess how well the concen-
trations of the metabolites in the biological fluids correlate with brain concentrations
before it is valid to relate the results of an experiment to brain neuronal activity.

It has been suggested that lumbar CSF levels of the biogenic amine metabolites
partially reflect metabolism in the spinal cord*°%:#%¢ and may have some relevance to
neurotransmission in the brain'*!%, Stanley et al.!® measured HVA and 5-HIAA in
48 individuals at autopsy and determined that their concentrations in the cerebral
cortex were positively correlated with their levels in the CSF for the same individual.
They concluded, as did other authors!”-!8, that the CSF concentrations of HVA and
5-HIAA do, in large part, reflect brain metabolism and may offer a valid means of
determining the central activity of the serotonin and dopamine systems. Davis et al.®
ascertained that about 50% of plasma HVA originates in the brain, and by measuring
venous samples from both the internal jugular vein and the radial artery Maas et al.2°
were able to calculate the average production of HVA and 5-HIAA in brain. The data
were related to the urinary excretion of these metabolites and indicated that approxi-
mately 33% of urinary HVA and 34% of 5-HIAA are derived from the brain.

Elevated levels of noradrenaline (NA) in the brains of schizophrenics have been
shown to be correlated with elevated NA levels in the CSF?!. Other investigations
have led to the conclusion that in the CSF the major metabolite of noradrenaline,
3-methoxy-4-hydroxyphenyl glycol (MHPG), arises largely from central metabo-
lism?2:23, Estimates of the percentage of urinary MHPG originating in the brain
range from a low of 20%2* to as much as 60%2°. There are considerable data show-
ing a large peripheral contribution to MHPG levels in CSF, plasma and urine, so it
may be that such measurements will not prove useful for the assessment of central
noradrenergic activity?®. Further, although as much as 60% of plasma MHPG has
been claimed to be produced in the brain?’, it has been shown that plasma MHPG is
oxidized to vanilmandelic acid (VMA), raising more questions about the validity of
its use as an index of central NA activity?®.

A significant positive correlation between the concentrations of the catechol-
amines and their metabolites in plasma and in CSF?°—3! and between the concentra-
tions of MHPG in urine and CSF3273486 has been reported by several authors,
although not by all®5. As the CSF concentrations of these metabolites may reflect
central nervous system metabolism, it may be permissible in some instances to con-
clude that plasma, and even urine, concentrations also reflect central activity. A
positive correlation between plasma total MHPG and 24-h urinary MHPG in psychi-
atric patients has been reported?®; an earlier study showed no correlation’. Low-
dose administration of debrisoquin has been reported to eliminate about 80% of the
peripheral contribution to plasma HVA and MHPG, resulting in a situation in which
at least 75% of these metabolites in plasma originated in the brain®®. Thus, debriso-
quin potentially provides a method for studying brain catecholamines through mea-
surement of their metabolites in plasma.
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Sandler and co-workers3*?, observing a high correlation between both free
and conjugated phenylacetic acid (PAA) in plasma and CSF taken at the same time,
suggested that plasma PAA measurements might justifiably be employed clinically to
provide an estimate of central phenylethylamine (PE) changes.

Probenecid is a drug used to block transport of monoamine acid metabolites
out of the cerebrospinal fluid. It has generally been assumed that the resultant rise in
the CSF concentrations of the metabolites will reflect presynaptic turnover of the
parent amine in the central nervous system. However, it has been remarked that the
CSF levels of probenecid correlate with the levels of metabolites, suggesting that the
blockade may be incomplete at the probenecid concentrations obtainable in human
studies*!. A review of the probenecid test, including its theoretical basis, the assump-
tions on which it is based and its limitations has been published*2. It shows that the
test can be extended from the measurement of dopamine and serotonin turnover to
include comparisons of turnover of other monoamines, such as octopamine, p-tyra-
mine and tryptamine. The differential effects of probenecid on the CSF concentra-
tions of the monoamine metabolites in controls and the psychiatric and neurological
disorders are presented in the relevant sections of this review.

2.4. Comparison of analytical methods

In order to assess the merits of the various analytical procedures, studies com-
paring GC, LC, mass fragmentography, radioenzymatic assay and fluorimetry have
been carried out. The subject has also been reviewed for the catecholamines*? and for
the biogenic amines and their metabolites**.

Comparisons of the results of analyses on the same samples by radioenzymatic
and LC assays have shown that the former tend to produce higher values with greater
scatter, but are more reliable for concentrations below 100 pg/ml1*>~*®_ In an inter-
laboratory comparison of plasma catecholamine concentrations, 34 laboratories em-
ploying radioenzymatic, HPLC and fluorimetric assay produced, in some instances,
considerable differences in results when analyzing the same sample by the same meth-
od*®. The fluorimetric assays gave unacceptable results. Tracy et al.*® found that
measurement of urinary 5-HIAA by a colorimetric assay gave excellent agreement
with an LC assay only for high concentrations. On the other hand, a high correlation
in the results of measurements of the urinary catecholamines by fluorimetry and by
LC has been obtained®°. Although some researchers have been able to obtain accu-
rate and precise quantifications by fluorimetry, many have not. The key factor seems
to be adequate purification, without which the results may be too high owing to
contributions to the fluorescence from other substances®!, or too low owing to
quenching of the fluorescence by other substances®?:33,

GC-MS and fluorimetry have been compared for the quantification of 5-
HIAA3*55 HVA32:34-5% and serotonin®’. For HVA in CSF, the values were found
to be lower when measured by fluorimetry®254-36 but for 5-HIAA%* good agree-
ment between the two methods was obtained. Good agreement in the results of
measurements of 5-HIAA and HVA in CSF by HPLC and GC-MS have also been
reported>3. Plasma serotonin (5-HT) levels were determined to be lower when mea-
sured by fluorimetry than by GC-MS>’. GC using a nitrogen detector gave results
comparable to those obtained by GC-MS for the determination of the isothiocyanate
derivatives of biogenic amines®®.
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Various aspects of the use of GC-MS with selected ion monitoring®-62, GC-
MS with negative ion chemical ionization®* and HPLC®*¢3 for the determination of
biogenic amines and their metabolites have been reviewed.

2.5 Intra-individual variation

Most reported concentrations of metabolites are the result of measurements on
a single sample from each subject. Large intra-individual day-to-day variations in
concentrations may obscure real differences between groups of subjects, particularly
if the size of the groups is small. This problem has been addressed by longitudinal
studies for some metabolites in some fluids.

Urinary excretion of the biogenic amines and their metabolites is characterized,
in general, by large day-to-day variations. The trace amines m- and p-tyramine (mTA
and pTA), PE and TRA were quantified in urine from one subject daily for 28 days;
the concentration of the unconjugated mTA and pTA remained fairly constant, but
the unconjugated PE and TRA and all the conjugated amine levels were extremely
variable®”. Using the same urine samples, the excretion of the acidic metabolites of
the trace amines also exhibited very large daily variations®®. In a study on the reliabil-
ity of urinary monoamine and metabolite output measurements, Linnoila et al.®®
showed that the urinary concentrations of normetanephrine, S-HT, dopamine (DA),
NA, PE, HVA and 5-HIAA were highly variable with time and that at the very least
two measurements on different days were required for the data to be reliable. Only
MHPG and VMA proved to be relatively stable from one 24-h sample to the next.
Hollister et al.”®, however, observed that the urinary excretion of MHPG, although
stable for three consecutive 24-h collections, was not stable over a period of several
weeks, suggesting that excretory pattents are not traits. Large daily variations in the
urinary excretion of pTA, PE, normetanephrine (NMN) and metanephrine (MN)7!,
PAA"? and 3,4-dimethoxyphenylethylamine’? have also been noted in other studies.

In plasma, over periods of up to 3 days, MHPG concentration shows minimal
variation within subjects®”-74~7¢, but across a 5-week study period considerable var-
iation was reported’®. Plasma noradrenaline concentration appears to be stable for at
least a few days’®.

2.6 Determination of conjugates

Conjugates of the amines and their metabolites, mostly sulfates and glucuro-
nides, may be determined after either acid!*%2%% or enzymatic hydrolysis?3%-241.242
or directly by a radioenzymatic assay?*® or by HPLC!¢%#1°! Techniques for the
determination of phenolic amine neurotransmitter conjugates have also recently been
reviewed®®.

2.7 Tables of values calculated as weighted means

In Tables 1-18 amines in urine are usually expressed as ug per 24 h, whereas in
plasma and CSF the units are pg/ml. The acidic metabolites, on the other hand, are
usually given in mg per 24 h in urine and ng/ml in plasma and CSF. Any other units
are listed directly in the tables, as is the nature of the conjugates when this is known. If
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TABLE 2
CONJUGATED BIOGENIC AMINES IN URINE

Amine References and methods Total No. Weighted mean
of subjects + S.EM. (ug per 24 h)
Histamine Bioassay: 79, 80 54 27 £ 5
Phenylethylamine GC-FID: 90%; 31 199 + 74
TLC-MS: 67*, 96*, 97*
m-Tvramine TLC-MS: 67*, 96*, 97+ 19 90 + 14
p-Tyramine 1E-PC-FI: 107, 21 455 + 135
TLC-MS: 67*, 96*, 97*
Noradrenaline REA-TLC: 142; 23 139 + 37
HPLC-ED: 145*, 191*
HPLC-FI: 191* 11 3-Sulfate:
124 + 41
HPLC-FI: 191* 11 4-Sulfate:
21.6 £ 6.1
Adrenaline IE-Fl: 155*; REA-TLC: 142; 24 20.0 £+ 3.0
HPLC-ED: 145*
HPLC-Fl: 191* 11 3-Sulfate:
18 + 2.1
HPLC-FlL: 191* 11 4-Sulfate:
3 +£03
Dopamine REA-TLC: 142; GC-MS: 193; 68 785 + 167

HPLC-ED: 145%, 162*, 192%;
HPLC-FI: 191*, 194*

HPLC-ED: 162*, 20 3-Sulfate:
HPLC-FI: 191*, 194* 392 £ 72
HPLC-ED: 162*; 20 4-Sulfate:
HPLC-FI1: 191*, 194* 69 + 10
5-Hydroxytryptamine IE-F1: 164 5 34 +9
(glucuronide)
5 52 £ 13
(sulfate)
Normetanephrine IE-FI: 135*, 166*, 195*; 71 Total:
GC-MS: 193 183 £ 23
Metanephrine RIA: 176* 15 134 + 2.7
6-Hydroxymelatonin RIA: 190* 18 Sulfate:
9.7 + 1,7

no standard error of the mean is shown, this is because none was reported in the
reference cited.

3. PSYCHIATRIC DISORDERS
3.1. Depression
3.1.1. Introduction
Biogenic amine hypotheses of affective disorders have mainly been derived

from pharmacological and biochemical findings in experimental animals and from
animal models of depression. These hypotheses state that some depressive disorders
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TABLE 5
UNCONJUGATED BIOGENIC AMINES IN CEREBROSPINAL FLUID

Amine References and methods Total No. Weighted mean
of subjects + S.EM. (pg/ml)

Histamine REA: 87* 11 43.1 £ 5.7 ng/ml
N*-Methylhistamine GC-MS: 325* 5 2.0 £ 0.1 ng/ml
Phenylethylamine GC-MS: 99 15 600 =+ 100
p-Tyramine GC-MS: 99 I5 790 =+ 250
Tryptamine GC-ND: 58* 4 1-6 ng/ml
Noradrenaline TE-Fl: 326, 455 119 =+ 16

alumina—FI1: 220;
REA-TLC: 31, 143*, 229*, 243,
alumina-REA: 327,
PC-REA-TLC: 263;
REA-HPLC: 262;
REA: 21, 270, 328;
HPLC-ED: 329, 330, 331*, 332, 333*, 334, 336;
HPLC-FI: 335
Adrenaline REA-TLC: 31, 143*, 229*; 118 47 + 23
REA-HPLC: 262; REA: 270;
HPLC-ED: 336
Dopamine REA-TLC: 143*, 263; 165 48 + 14
REA: 270;
REA-HPLC: 262,
HPLC-ED: 329, 331*, 336

5-Hydroxytryptamine HPLC-ED: 303*, 337*, 338*, 339* 42 678 + 94
Normetanephrine GC-MS: 340%, 341* 19 1800 + 420
Metanephrine GC-MS: 341* 6 80 £+ 20
3-Methoxytyramine GC-MS: 341* 6 635 +184
Melatonin RIA: 342; GC-MS: 319* 17 59 4+ 28
N,N-Dimethyltrypta-
mine GC-MS: 343%, 344* 10 n.d. - 1500
TABLE 6

CONJUGATED BIOGENIC AMINES IN CEREBROSPINAL FLUID

Amine References and methods Total No. Weighted mean

of subjects + S.EM. (pg/ml)
Noradrenaline = REA-HPLC: 262 40 199 + 137
Adrenaline REA-HPLC: 262 40 30 +£ 34
Dopamine REA-HPLC: 262; 117 594 + 108

HPLC-ED: 332, 345*
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TABLE 8
CONJUGATED ACID METABOLITES IN URINE

Acid metabolite References and methods Total No. Weighted mean
of subjects + S.EM. (mg per 24 h)
Imidazoleacetic 1IE-REA: 346* 10 3.30 £ 0.22
Phenylacetic GC-ECD: 939*; 338 145 15
GC-FID: 72%, 93, 415%, 416, 629; (includes
276 totals)
GC-MS: 97*, 103*, 105*, 351*, 352, 417,
HPLC-FI: 418*
m-Hydroxyphenyl- GC-MS: 97* 8 1.2 +£07
acetic
p-Hydroxyphenyl- IE-FI: 107, 18 6.1 +28
acetic GC-FID: 109; GC-MS: 97*
Mandelic GC-MS: 97* 8 0.12 + 0.06
5-Hydroxyindole- GC-MS: 419* 5 0.38 mg/l
acetic
Homovanillic IE-FI: 377, GC-MS: 419* 13 —0.6 to +5.8 mg/l
3,4-Dihydroxy- 1E-FI: 377, GC-ECD: 412* 20 1.05 +£0.08
phenylacetic
3,4-Dihydroxy- 1E-Fl: 135* 9 0.17 + 0.04

mandelic

are associated with or may be the result of deficiencies in central catecholamine or
indoleamine transmission. In man amine metabolite and pharmacological studies
have tentatively identified two biochemical sub-types of depressive illness: one sub-
type claims an abnormality of central noradrenaline systems, and the other an ab-
normality in central serotonin systems. Several in-depth reviews of these theories have
been published in the last few years®!6-623.748 More recently, the putative neuro-
modulator phenylethylamine has been implicated in the aetiology of affective dis-
order and this amine has been recently reviewed®?4-525, Other suggested mechanisms
have involved abnormal conjugation of p-tyramine as a trait marker in major depres-
sion”!7=722_although a recent study comparing conjugation of ingested deuterium-
labelled tyramine in healthy volunteers and depressed patients showed no difference
in conjugation between the two groups®’°.

The weighted means (calculated as for the normal subjects) of the results of
studies on depressed subjects are presented in Tables 19-28. The depressed subjects
here have not been differentiated according to the various clinical sub-types of depres-
sion. These studies in aggregate indicate that depressed patients as a group show
reduced 5-HIAA concentraticns in plasma and CSF (but not in urine), reduced
MHPG and 3,4-dihydroxyphenylglycol (DHPG) concentrations in urine, plasma and
CSF and reduced homovanillic acid and 3,4-dihydroxyphenylacetic acid (DOPAC)
concentrations in urine and CSF (but not in plasma) of depressed subjects. Although
many of these reductions are not very substantial, the large total number of subjects
suggests that these trends may be significant. The parent amines do not appear to be
reduced in any of the biological fluids of depressed subjects.

An examination of each of the references cited shows that in over half of them
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TABLE 10
CONJUGATED ACID METABOLITES IN PLASMA

Acid metabolite References and methods Total No. Weighted mean

of subjects + S.EM. (ng/iml)

Imidazoleacetic IE-REA: 346* 10 25 +£3
Phenylacetic GC-MS: 40, 97*, 422*, 423, 424*, 425, 426, 428, 454* 273 345 + 35
m-Hydroxyphenyl-  GC-MS: 97*, 424*, 425, 426, 428 219 2.1 £ 1.1
acetic

p-Hydroxyphenyl- ~ GC-MS: 97%, 424*, 425, 426, 428 219 13.6 + 4.3
acetic

3,4-Dihydroxy- REA-TLC: 244* 5 79 £ 1.0
mandelic

no comparison with normal controls was made, but in the remainder of the studies
the equivocal evidence for the proposed hypotheses of depression suggests that the
serotonergic and noradrenergic systems may indeed be deficient in depression, which
appears also to be the case for PAA. Hence cerebrospinal fluid S-HIAA concentra-
tions in depressed subjects have been reported to be significantly reduced*”9471:473--
474,482,496,510,626-628 ., exhibit a trend to be reduced*66-478:487:498.517 apd to be no
diﬁ‘erentl 70,330,332,463,480,488,493,494,503,505,518,531,536,630—633 than normal COntrO]S.
Plasma 5-HIAA tends to be reduced®?’, whereas urinary 5-HIAA mostly shows no
difference between depressed and normal subjects!!8:120:361.366 Mot investigators
have found no significant differences between the urinary®*193-193  plasma**? or
CSF330,332,480,485,494,498,499,503,505,509,518 Concentrations Of HVA in nOrmal and
depressed subjects. In four studies a significant reduction was claimed*87:496-510.528
and a trend to decreased HVA in depression has been reported in a few oth-
ersl70,493,517,536,631,633. Urinary103,193 and CSF330,332,503 Concentrations Of
DOPAC are also not significantly different between depressed and normal popula-
tions. A slight decrease in urinary dopamine (DA)'°3 and non-significant increases in
plasma?87-332:345 and CSF®3* dopamine levels in depression have been reported.

In the noradrenergic system, the major central metabolite, MHPG, has been
found to be significantly reduced!20-169.193,557.562.564.565.568 {4 show a trend to be
reduced’®-118:477:351:563 o to be unchanged3?:103:170:366.571.572 ip the urine of de-
pressives‘ In plasmal7,76,440.448,587,588,593,607 and CSF35,170,330,332,494,498,503,505,-
517.518.610.612.633 however, MHPG concentrations in depressed and normal subjects
have not been found to be significantly different, with one exception in which MHPG
in the CSF of depressed subjects was significantly reduced®®®. The concentrations of
two other noradrenergic metabolites, DHPG in plasma®°® and VMA in CSF>*!, have
been reported to be significantly lower in depression. Dajas and co-workers!49-150
have claimed a significant elevation of urinary noradrenaline in depression, and a
trend to elevated plasma?6-284:287.288.326.723 4nq CSF?5° levels in depression has
been reported by other investigators. Urinary VMA76:93:103.118,169,170.193,562,637
and  normetanephrine, the methylated metabolite of noradrena-
ling?6:103.118.169.170.193 ' \were not significantly different in depressed and control sub-
jects.

In a major study on a large number of severely depressed patients and healthy
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110 B. A. DAVIS

TABLE 12
CONJUGATED ACID METABOLITES IN CEREBROSPINAL FLUID

Acid metabolite References and methods Total No. Weighted mean
of subjects + S.EM. (ng/ml)

Phenylacetic GC-MS: 40, 454*, 455*; 54 245 + 4.5
HPLC-ED: 336

Homovanillic GC-MS: 502* 23 0.25 + 0.58

3,4-Dihydroxy- GC-MS: 502*, 503, 540 40 0.22 + 0.01

phenylacetic

controls, two sub-groups of depressed patients were identified, one excreting normal
levels of adrenaline, metanephrine, noradrenaline and normetanephrine and the oth-
er excreting very high levels®”!. Interestingly, the HVA concentration in the CSF of
subjects in the high excretion group was significantly low.

In addition to the major neurotransmitters and their metabolites, the compari-
sons indicate that there may also be deficiencies in PE and pTA metabolism in depres-
sion. Although the parent amine concentrations in the urine of depressives appear to
be normal, PAA and p-hydroxyphenylacetic acid concentrations in urine, plasma and
CSF are all lower in depressed than in normal subjects. A statistically significant
reduction in urinary PAA has been reported and proposed as a biological “state”
marker for unipolar depression*!6-417-629.663 ‘bt other research groups reported no
reduction at all in the urinary excretion of PAA in depression’?3°2, In a study of PE
excretion in depression, DeLisi et al.*'7 reported that those patients forming a sub-

TABLE 13
UNCONJUGATED ALCOHOL AND GLYCOL METABOLITES IN URINE

Alcohol or glycol References and methods Total No. Weighted mean
of subjects + S.EM. (ug per
24 h)
Phenyl glycol GC-MS: 542* 1 22
p-Hydroxyphenyl- GC-MS: 542* 1 n.d.
ethanol
p-Hydroxyphenyl- GC-MS: 542* I 13
glycol _
3-Methoxy-4- F1: 543%; IE-FI: 544, 109 113 £ 17
hydroxyphenyl glycol GC-ECD: 11*, 545;

GC-MS: 97%, 419*, 546*, 547%;
HPLC-ED: 548*

3-Methoxy-4- GC-MS: 546* 9 nd.
hydroxyphenyl-

ethanol

3,4-Dihydroxy- REA-TLC: 549* 7 155 + 42 pg/l

phenyl glycol
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TABLE 16
CONJUGATED GLYCOL METABOLITES IN PLASMA

Glycol References and methods Total No. Weighted mean

of subjects + S.EM. (ng/ml)
3-Methoxy-4- GC-ECD: 74*, 573, 580*; 251 11.3 £+ 0.8
hydroxyphenyl =~ GC-MS: 29, 279, 437, 449*%, 581*, 584*, 585, 589*%, 605%;
glycol HPLC-ED: 446, 606*, 607,
3,4-Dihydroxy- REA-TLC: 244, 549*, 603; 70 1.18 £ 0.11

phenyl glycol GC-MS: 589

group with very high PE excretion (three times the highest value found in the con-
trols) were clinically indistinguishable from depressed patients with low PE excretion.
As PE excretion is not correlated with PAA excretion, these results suggest that
depression is not associated with a generalized PE deficit and that reported PAA
reductions may not reflect a PE abnormality.

3.1.2. Tables of values for depressed subjects (all clinical sub-types combined)

The studies discussed above and the comparisons of the weighted means in
Tables 19-28 for depressed subjects with all clinical sub-types combined suggest that
there may well be a monoamine dysfunction in depression. The current view, how-
ever, is that affective disease is a heterogeneous group of disorders. Therefore, the
amine and metabolite concentrations in various diagnostic sub-types of depression
are compared with each other and with controls in Tables 29-36.

3.1.3. Comparison of unipolar and bipolar depressed subjects

Comparisons of unipolar and bipolar depressed subjects are given in Tables
29-31.

To summarize, bipolar patients exhibited lower CSF concentrations than did
unipolar patients in five of seven studies on 5-HIAA, three of four studies on MHPG
and three of seven studies on HVA. Plasma MHPG concentrations were lower in
bipolar patients in three of four studies and urinary MHPG concentrations in eleven
of thirteen studies. Plasma noradrenaline levels were lower in the bipolar subjects in
all five studies. There would appear, therefore, to be a noradrenergic dysfunction in
bipolar subjects.

Some investigators have suggested that the unipolar depressive disorders can be
subdivided into two or three sub-types based on differences in pretreatment urinary
MHPG levels!69-562:568.571,637.740.741 34 on CSF monoamine metabolite levels’*5.
A bimodal distribution of 5-HIAA in the CSF of patients with endogenous depres-
sion has been found by several investigators331-667:678.680,745 'Lt could not be con-
firmed by others®!8:683:686  For unipolar depressive patients, multiple regression
analvsis has revealed strong correlations which suggest that high and low HVA,
MHPG and 5-HIAA syndromes should be isolated®®!. Evidence has also been re-
ported that in both unipolar and bipolar patients high and low monoamine syn-
dromes are characterized by different symptomatology®®!. Schildkraut et al.”*° have
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TABLE 18
CONJUGATED ALCOHOL AND GLYCOL METABOLITES IN CEREBROSPINAL FLUID

Alcohol or glycol  References and methods Total No. Weighted mean

of subjects + S.EM. (ng/ml)
3-Methoxy-4- GC-MS: 419*, 502*, 581*, 589*; 97 0.51 £ 0.10
hydroxyphenyl HPLC-ED: 613*, 614*
glycol
3-Methoxy-4- GC-ECD: 558 2 33 £ 1.0
hydroxyphenyl-
ethanol
3,4-Dihydroxy- REA-TLC: 549%; 9 0.14 + 0.04
phenyt glycol GC-MS: 589*

developed an equation based on the concentrations of noradrenaline, MHPG, VMA,
normetanephrine and metanephrine for calculating a depression score which has
good predictive value. It has also been demonstrated that urinary MHPG output is
highly reliable both during and between recurring depressive episodes’*?, that is, low
or high excreters are reliably low or high during different episodes. The concentra-
tions of metabolites in biological fluids of bipolar patients on the depressed and
manic phases are presented in Tables 32-34.

3.1.4. Comparison of bipolar-depressed and bipolar-manic subjects

To summarize the comparisons of bipolar-depressed and bipolar-manic sub-
jects in Tables 32-34 urinary dopamine and noradrenaline are reported to be consis-
tently higher in manic than in depressed subjects. The major metabolites of these
amines, HVA in CSF and MHPG in urine and CSF, also tend to be higher in manic
patients. Measurements of monoamine metabolites in CSF have shown abnormal,
perhaps excessive, central noradrenergic activity in patients with mania®°®. Longitu-
dinal studies of the switch process from depression to mania have shown highly
significant correlations of high urinary®*” and plasma MHPG?®®*73° and high uri-
nary noradrenaline®42:943:645 and VM A®42:750 concentrations with the manic phase.

3.1.5. Comparison of psychotic and non-psychotic (neurotic) depressed subjects
This comparison is presented in Table 35.

3.1.6. Comparison of depressed subjects with and without melancholia
This comparison is presented in Table 36.

3.1.7. Panic disorder, agoraphobia and anxiety

Dysfunction of the central noradrenergic system has been postulated to play an
important role in the neurobiology of both major depressive and panic disorders and
there is evidence suggesting an overlap between these disorders®*®?. In studying these
disorders, plasma and urinary noradrenaline and MHPG have been used as an in-
direct measure of noradrenergic activity. The results, however, have been equivocal.
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TABLE 20

CONJUGATED BIOGENIC AMINES IN URINE

117

Amine References Total No. Weighted mean + S.E.M.
of subjects (ug per 24 h)

(normals®)
Noradrenaline 69, 149, 193, 196, 638, 639, 648 100 244 + 36
(total) (conjugated = 139 + 37)
‘Dopamine (total) 69, 193, 639, 658 51 764 + 148
Dopamine (conjugated) 157 13 304 (785 + 167)
Normetanephrine (total) 193 28 195 + 24

(total = 183 + 23)
¢ Weighted normal means taken from Table 2.
TABLE 21
UNCONJUGATED BIOGENIC AMINES IN PLASMA
Amine References Total No, Weighted mean + S.EM.

of subjects (pg/mi)

Depressives ~ Normals®
Phenylethylamine 211 3 120 £ 60 124 + 27
Noradrenaline 76, 246, 255, 284, 285, 287, 288, 659 209 263 £ 59 275 £ 32
Adrenaline 287 22 87 £ 9 63 £ 11
Dopamine 287 22 93 + 20 86 £ 15
Melatonin 660 4 188 + 38 44 + 8

“ Weighted normal means taken from Table 3.

TABLE 22

UNCONJUGATED AND CONJUGATED BIOGENIC AMINES IN CEREBROSPINAL FLUID

Amine References Total No. Weighted mean + S.E.M.
of subjects (pg/ml)
Depressives  Normals®
Noradrenaline 28, 330, 332, 661, 662 78 128 +£20 119 + 16
Adrenaline 634 7 160 + 34 47 + 23
Dopamine 634 7 12 48 + 14
Conjugated dopamine 332, 345, 662 196 756 47 594 + 108

¢ Weighted normal means taken from Tables 5 and 6.
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Some authors have claimed a reduction in noradrenergic activity in panic disorder
and related phobias based on findings of lower plasma MHPG levels*®® and lower
urinary excretion of MHPG?®® and noradrenaline?*®. Other workers have reported
an elevation of urinary MHPG’%5, plasma MHPG®°* and noradrenaline excre-
tion!3° in panic disorder, suggesting that it may be associated with increased noradre-
nergic activity, and still other investigators found no significant differences in plasma
MHPG between subjects with panic disorder and those without>?'~3%3, A survey of
the results of these studies is presented in Table 37.

Yu et al.**" measured the plasma concentrations of the acidic metabolites of the
trace amines and found significantly lower p-hydroxyphenylacetic acid (PHPA) in
agoraphobic patients if compared with healthy controls, but not if compared with
depressed controls.

Anxiety has been reported to be correlated with plasma
nary®’%73! MHPG and with 5-HIAA33! and HVA732 in CSF.

26,709,894 and uri-

3.1.8. Suicide

A positive correlation has often been found between strong suicidal thoughts,
suicide attempts and self-aggressivity and low concentrations of 5-HIAA in the
CSF#66:505,306,531,733-735 Those attempting suicide by violent means show signif-
icantly lower 5-HIAA in CSF than non-violent suicide attempters*®>, and violent
offenders who have a history of suicide attempts have been reported to have a signif-
icantly lower level of 5-HIAA in their CSF than those who have no such history®36. It
has been claimed that the distribution of concentrations of 5-HIAA in CSF is bi-
modal331:667.678,680.745. Asherg er ql.578 found that subjects with the lower concen-
trations are more likely to commit suicide. Furthermore, patients with low 5-HIAA
concentrations in the CSF had significantly higher scores in easily evoked anxiety,
general anxiety, hostility and depressive inhibition’3®. However, in contrast to the
above, a number of studies have shown that subjects who had made a suicide attempt
were no more likely to have low concentrations of 5-HIAA in their CSF than non-
suicidal subjects*98:736:737 A trend to low HVA concentrations in the CSF of suicid-
al subjects has been noted*®%:503:506.733 Ng statistically significant differences in
MHPG concentrations in the CSF of non-suicidal and suicidal patients have been
observed?3:306:733 pyt the item “Suicidal Tendencies Worst Week” score from the
Schedule for Affective Disorders and Schizophrenia (SADS) was highly significantly
and negatively correlated with the MHPG level in CSF and only to a slight extent
with 5-HIAA levels’*’. The score on the item “‘Seriousness of Intent of Worse Suicide
Attempt” earlier in life correlated significantly and negatively with both MHPG and
5-HIAA’#7. Studies of 5-HIAA in CSF in depression and suicidal behaviour have
been reviewed%2°.

3.1.9. Correlation of metabolite concentrations with severity of depression

On the basis of the amine hypotheses of affective disorders, one would predict
that there would be a correlation between the severity of the disorder as measured by
psychometric rating scales and the concentrations of the amine metabolites in biolog-
ical fluids, particularly in CSF. In fact, the CSF concentrations of 5-HIAA and HVA
(but not MHPG) have been reported by some groups to be significantly negatively
correlated with scores on the Hamilton Depression Rating Scale (HDRS)®62:742,
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whereas others found MHPG levels to be correlated with symptom ratings but HVA
and 5-HIAA levels were not*°%:>'8 and some other groups found no correlation for
any of the CSF metabolites with the severity of the depression>-633:671-68% 'Aq expla-
nation for these contradictory results may be found in another study in which the
authors observed no correlation of CSF metabolite concentration with global depres-
sion severity, but did observe correlations with some symptoms of depression>3!-633,
The urinary excretion of MHPG has not shown any correlation with ratings on the
HDRS1!20:700.702,743.744 " except in one study®®2. Monoamine metabolite concentra-
tions predicted from the SADS symptom items compared well with the true CSF
values®®! and various symptoms and descriptive variables on the SADS were corre-
lated univariately with urinary MHPG?2. Using a computer program based on these
relationships, it was possible to classify 20 out of 21 unipolar and all bipolar subjects
correctly®®!. Using the Bech-Rafaelson Melancholia Scale, a modification of the
HDRS, no significant correlation with any CSF metabolite was found’3®,

Some anxiety symptoms are correlated with the plasma concentration of
MHPG, but measures of global and state anxiety were not*°3. Within individuals,
MHPG excretion and state anxiety have been observed to co-vary highly significant-
ly”3!. However, in a population of depressed individuals, state anxiety and urinary
MHPG do not co-vary significantly, so it is not possible to predict that an individual
with a high baseline state anxiety will have a high baseline urinary MHPG excretion,
or vice versa’!. Easily evoked and general anxiety scores were found to be negatively
correlated with the 5-HIAA concentration in CSF738, whereas the HVA concentra-
tion has been reported to be positively correlated with anxiety’32. Patients scoring
high on anxiety and hostility in the Rorschach test had low CSF concentrations of
5-HIAAS'C,

Phenylacetic acid excretion, which has been reported to be low in unipolar
depression by some workers*16:417:629.663 ¢ not by others’2-3%2, does not correlate
with either the HDRS or the Carroll Rating Scale’?.

Probenecid, which inhibits the active transport of amine metabolites from the
CSF to the blood, has been used to assess the central turnover of the monoamines in
depression. Probenecid-induced accumulations of 5-HIAA#70:471.480,482,493 454
HVA*80:493.499 i the CSF of depressed subjects have been shown to be significantly
smaller than the accumulations in control subjects. The differences appeared to corre-
late with the depressive state*”!. A significant increase in MHPG concentrations can
be attained only at very high doses of probenecid, and even at high probenecid doses
MHPG sulfate concentration does not increase, suggesting that a probenecid-sensi-
tive transport mechanism for MHPG sulfate does not occur*®*. At the usual doses of
probenecid, MHPG accumulation is too meagre to be used for the assessment of
noradrenaline turnover*®3. Mania and high levels of anxiety have been associated
with a greater accumulation of noradrenaline after probenecid administration than
either controls or depressed subjects, indicating that alterations in mood may be
associated with changes in central noradrenaline metabolism’?®. In depressed pa-
tients suffering from severe motor retardation, central dopamine turnover is dimin-
ished, as evidenced by a sub-normal accumulation of HVA in the CSF after probene-
cid administration*®®75%,

In the dexamethasone suppression test, induction by dexamethasone of plasma
MHPG concentration increases have been directly correlated with the severity of
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depressive symptoms*46-448.710.711,760 Dyexamethasone-resistant depressed patients
showed elevated plasma noradrenaline and adrenaline leveis’®! and urinary 3,4-di-
hydroxyphenyl glycol excretion’'!. No difference in MHPG concentrations in
urine’** or CSF®°* between dexamethasone suppressors and non-suppressors has
been reported.

3.1.10. Effects of drugs and treatments

3.1.10.1. Effects of anti-depressant drugs on metabolite concentrations. These
effects are shown in Table 38.

In addition to the studies on anti-depressant drugs, a study on anti-anxiolytic
drugs demonstrated that urinary MHPG declined significantly (p < 0.01) after long-
term use of chlordiazepoxide, clobazam, diazepam, nitrazepam, and oxazepam®7°,
After withdrawal of treatment, urinary MHPG increases.

3.1.10.2. Metabolite values as predictor of response to drugs. For clinicians, a
biochemical test predictive of a patient’s therapeutic response to a drug would be a
very useful treatment tool. Several investigators have demonstrated that pretreatment
concentrations of MHPG or 5-HIAA in urine or CSF may be used as a basis for
selection of anti-depressant drug therapy for depressed patients, and that this method
of drug selection produces better clinical results than traditional selection methods.
The differential responses of depressed patients to drug treatments permitted their
classification as responders or non-responders. Statistically significant differences in
the concentrations of some monoamines and their metabolites between the two
groups were noted.

Low baseline urinary excretion of MHPG has been observed in patients who
respond well to imipramine®®®, L-deprenyl®3>: D-amphetamine36%:6°8, nortripty-
line*®%74! and desipramine’*!, whereas subjects excreting large amounts of MHPG
did not respond to treatment with these drugs. On the other hand, patients with high
initial urinary MHPG levels responded well to alprazolam’®' and amitripty-
line7°% 74! whereas those with low concentrations did not. Other groups of workers,
however, have reported that pretreatment urinary MHPG levels were not a predictor
of response to amitriptyline*’7-¢8¢:792 The results of studies on the predictive value
of pretreatment MHPG concentrations in CSF have been contradictory. High?!® and
low®*® pretreatment values of MHPG in CSF have been claimed to predict which
patients will respond to imipramine®*®-7!® and amitriptyline®*®, and other groups
have reported that MHPG in CSF is not a predictor of response to imipramine®88,
amitriptyline®86-88 desimipramine®®> or femoxetine®®®. High urinary noradrenaline
excretion may be a predictor of a positive response to alprazolam®3!, whereas low
excretion is a predictor of response to moclobemide!?,

A positive response to iproniazid®®5:7%¢, isocarboxazid*¢® and p-chloro-N-
methylamphetamine!®? has been predicted on the basis of low pretreatment concen-
trations of urinary 5-HIAA. Similarly, low pretreatment levels of 5-HIAA in CSF
have been reported to be useful in predicting a positive response to treatment with
imipramine®®® and zimelidine®82, and higher CSF concentrations of 5-HIAA predict
a positive response to nortriptyline®®”. Some investigators have reported that 5-
HIAA and HVA in CSF are not useful as predictors of response to desimipramine®82,
amitriptyline®3!-686:688 or imipramine®3!-¢8® treatment. For depressed patients treat-
ed with a variety of anti-depressant drugs and grouped according to their responses, it
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was observed that CSF monoaminergic metabolite concentrations in responders cor-
related well with each other, but did not correlate in non-responders®®3. This suggests
that interactions between monoamine systems in non-responders may be disrupted.

3.1.10.3. Correlation of changes in metabolite levels with therapeutic response. If
a dysfunction in noradrenergic (or other monoaminergic) activity is associated with
depression, as has been postulated, a clinical recovery after drug treatment might be
expected to be correlated with changes in amine metabolite concentrations. Several
studies have been devoted to establishing such correlations, but most have not dem-
onstrated significant correlations. In CSF, after ECT®""%77 or treatment with lithi-
um*®®, amitriptyline®3%-88 desimipramine®®®, femoxetine®®® or imipramine®8®,
changes in 5-HIAA concentrations were found not to be correlated with clinical
improvement. Similarly for HVA in CSF, no correlation of changes in concentration
with changes in psychometric ratings were reported after treatment of depressed
patients with ECT®71:%77 amitriptyline®3%¢88, desimipramine®®®, femoxetine®®> or
imipramine®®®. Changes in the MHPG concentration in CSF after imipramine®88,
amitriptyline®®®, desimipramine®®® or femoxetine®®> treatment also did not reflect
improvements in clinical condition. However, manic scores have been reported to
increase after lithium treatment of manic patients in a manner which parallels the
increase in the CSF concentrations of 5-HIAA and HVA®’5. Changes in the plasma
concentrations of MHPG?28-798 after treatment with desimipramine?® or ECT’°® and
of noradrenaline and serotonin after amitriptyline or lithium carbonate®*® do not
correspond with clinical improvement. Plasma HVA and 5-HIAA concentrations
also do not change in accord with clinical improvement following ECT7°8, and pa-
tients improved after treatment with bupropion do not show any comparable change
in plasma HVA levels®®*. However, in subjects suffering from panic attacks, a reduc-
tion in the frequency and severity of the attacks following clonidine or imipramine
treatment is reflected in a corresponding reduction in plasma MHPG?®°4, whereas
treatment with yohimbine, an adrenergic receptor antagonist which increases nor-
adrenergic function, produces an increase in the frequency of panic attacks and a
corresponding increase in plasma MHPG®°!, Changes in urinary MHPG excretion
have been shown to be correlated with clinical response after treatment with imipra-
mine' '8, but not after treatment with desimipramine®*®, zimelidine%4®, L-deprenyl®3>
and D-amphetamine®®®. However, Beckmann ez al.°®® have shown that patients on
amphetamine who exibited markedly increased psychomotor activity and behaviour-
ally rated hypomania also exhibited elevations of MHPG excretion, whereas those
without such responses exhibited reductions of MHPG. Acute lithium treatment was
not associated with a change in urinary MHPG excretion which correlated with
psychometric ratings, but chronic treatment was so correlated?®. It was concluded
that change in the clinical state is the most important variable contributing to MHPG
changes. In a study of the effects of amitriptyline and imipramine on the noradre-
nergic system, a differential effect between responders and non-responders and be-
tween unipolar and bipolar patients on changes in the urinary concentrations of the
metabolites of noradrenaline was noted®*°. Other workers have reported changes in
urinary VMA concentration which are correlated with depression rating scale score
changes following treatment with imipramine!!8:®5 or which are not correlated
when treatment is with desimipramine®*®. Normetanephrine excretion behaves simi-
larly to VMA in response to treatment with imipramine®®3:7%4 and desipramine54®,
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Noradrenaline excretion does not change with changes in clinical condition after
alprazolam treatment®’!. Treatment with iproniazid has been claimed to produce a
clinical recovery which is synchronous with an elevation of 5-HIAA excretion3%S.
After administration of L-deprenyl, the improved clinical condition is not correlated
with a corresponding change in phenylethylamine excretion®3%.

3.2. Schizophrenia

3.2.1. Introduction

A hypothesis claiming hyperactivity of dopaminergic pathways in schizophre-
nia has been postulated in recent years and is supported by evidence that high doses
of dopamine-releasing drugs may precipitate a schizophrenia-like psychosis even in
normal subjects, and that neuroleptics which ameliorate schizophrenic symptoms are
known to block dopamine receptors with a potency that parallels their therapeutic
efficacy’®287° In contradiction, a recent report has claimed low dopamine activity in
chronic schizophrenia®?3.

Noradrenaline and serotonin®®" hypotheses of schizophrenia have been pre-
sented, but in a review Rodnight’%? has demonstrated that in the research carried out
up to 1983 no consistent abnormalities have emerged. One of the earliest models of
schizophrenia concerned the indoleamines and a transmethylation hypothesis in
which the product would be the psychedelic N,N-dimethyltryptamine’®3-7¢5 of bufo-
tenin®®®, Inadequate specificity and sensitivity of the isolation and quantification
procedures initially seemed to lend support to this theory, but more recent work using
more sophisticated methodology has shown at best only a trend to elevated urinary
dimethyltryptamine excretion in schizophrenics43-73-765_ However, a highly signif-
icant elevation in the urinary excretion of bufotenin in psychotics has recently been
reported, although there was no correlation between the level of bufotenin excretion
and severity of the disorder®®®. Another methylated product, 3,4-dimethoxyphenyl-
ethylamine, has been claimed to be found in greater amounts in schizophrenics than
in normal controls!8%183-77L byt the incidence has proved to be low and excretion
inconsistent! 798 A third hypothesis stems from the close structural similarity be-
tween phenylethylamine and amphetamine, the similar behavior in rats induced by
both compounds and the similarity with paranoid schizophrenic symptoms exhibited
by drug abusers overdosed on amphetamine®24:2%, The weighted means of the re-
sults of studies on schizophrenia are presented in Tables 39-46. The subjects have not
been differentiated according to clinical sub-type of schizophrenia.

881

3.2.2. Tables of values for schizophrenic subjects (all sub-types combined)

In aggregate, the studies reported in Tables 39—46 do not provide firm support
for any of the amine hypotheses of schizophrenia. Dopamine concentration, although
apparently markedly higher in the urine of schizophrenics, is lower in plasma and in
CSF is no different from controls. HVA is higher in schizophrenic plasma, but not
different from controls in urine or CSF. The noradrenaline concentration is elevated
in the plasma and CSF of schizophrenics, as is the MHPG concentration in plasma,
but this may not be of aetiological significance as it has been suggested that the high
state of arousal often observed in schizophrenics may account for noradrenergic
abnormalities in plasma and CSF!#3:762, No serotonergic abnormality is apparent
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BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 147

TABLE 40
CONJUGATED BIOGENIC AMINES IN URINE

Amine Reference Total No. Weighted mean + S.E.M.
of subjects (ug per 24 h)

Schizophrenics ~ Normals”

Noradrenaline 770 22 6.5 139 + 37
Dopamine 770 22 446 785 + 167
Normetanephrine 770 22 154 183 + 23
Metanephrine 770 22 55 134 + 2.7

¢ Weighted normal means taken from Table 2.

from these tables. Although phenylethylamine excretion is higher in schizophrenics,
its concentration in plasma appears to be lower. No consistent trends for the major
metabolite, phenylacetic acid, are observed.

A study of each of the references cited in the tables for comparisons of metabo-
lite levels in controls and schizophrenics reveals no consistent differences, except for
an elevation of noradrenaline in urine, plasma and CSF. As schizophrenia is not a
single disease entity but a biologically heterogeneous collection of possibly distinct
sub-types, this may explain some of the discrepancies reported for metabolite concen-
trations. Tables 47-50 summarize data obtained from several laboratories for differ-
ent clinical types of schizophrenia.

3.2.3. Comparison of chronic and acute schizophrenic subjects
Comparisons of chronic and acute schizophrenic subjects are presented in Ta-
bles 47 and 48.

3.2.4. Comparison of paranoid and non-paranoid schizophrenic subjects
Comparisons of paranoid and non-paranoid schizophrenic subjects are pre-
sented in Tables 49 and 50.

3.2.5. Metabolite values as predictor of severity of disorder

Although an early study on the relationship between metabolite concentrations
in the CSF of schizophrenic patients and diagnostic assessment of the severity of the
disorder found no correlation”?#, recent investigations have revealed a high positive
correlation of plasma HVA (before treatment) with the global severity of the illness in
schizophrenic patients!®443:445.784.799.801 However, it has also been claimed that
plasma MHPG gives a better correlation with rated psychosis than does plasma
HVAB3©°2_ A positive correlation between the CSF concentration of 5-HIAA and the
score on the Brief Psychiatric Rating Scale for schizophrenic behaviour has been
reported®'>. MHPG excretion is not related to the severity of an acutely schizo-
phrenic illness®®7, but the sulfate conjugate has been reported to be strongly negative-
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ly correlated with severity in chronically ill subjects*®”. Repeated sampling in schizo-
phrenics demonstrated that plasma MHPG appeared to be aitered by changes in
clinical state and may reflect psychosis-related changes in norepinephrine function in
schizophrenia®®2. In addition, patients with idiosyncratic behaviour exhibit elevated
MHPG excretion’%4. High levels of normetanephrine and metanephrine excretion
have been associated with agitated behavior in both schizophrenic and depressed
patients, with lower levels being reported during periods of calm®°®. An elevation in
the excretion of the catecholamines and their metabolites during periods of catatonia
returns nearly to normal during remission®°®. Conjugated phenylacetic acid concen-
trations in CSF have been shown to be highly correlated with hallucinatory behavior
and unusual thought content**. Patients with the highest phenylethylamine concen-
tration in CSF also had the highest scores on the Brief Psychiatric Rating Scale*>>.
Urinary tryptamine excretion has been claimed to be positively correlated with the
severity of psychotic activity and with changes in the severity of psychotic activ-
ity’67-810.821 " 45 has urinary indoleacetic acid®?!. High urinary tryptamine, which
corresponds to marked psychotic activity, has been shown to be associated with low
platelet monoamine oxidase activity!!”. Platelet monoamine oxidase has been dem-
onstrated to be significantly lower in chronic schizophrenics and lower in chronic
paranoid schizophrenics than in chronic non-paranoid schizophrenics®24. On this
basis it has been suggested that chronic paranoid schizophrenia may be a different
disorder from other chronic forms of schizophrenia.

Computed tomography scans of chronic schizophrenics revealed significantly
larger ventricular brain ratios and structural changes consistent with cortical atrophy,
and these results were significantly correlated inversely with the CSF concentration of
HVA?308.798.799.812 354 with 5-HIAA3%%8-811 The results for MHPG also showed a
negative correlation, but this was not statistically significant>°8. These results suggest
that enlargements of the brain ventricles found in some schizophrenic patients may be
associated with deficiencies in central monoamine transmission mechanisms. During
measurements of regional cerebral blood flow in schizophrenic patients, the levels of
HVA and 5-HIAA (but not MHPG) in the CSF were found to be correlated with
blood flow during the Wisconsin Card Sorting Test but not during number-matching
tests or at rest®'3. These results have been claimed to indicate a reduction in dopami-
nergic and serotonergic projections to the pre-frontal cortex as a possible neurochem-
ical mechanism for pre-frontal dysfunction in schizophrenics®'3.

3.2.6. Effects of drugs on metabolite concentrations

3.2.6.1. Effects on anti-psychotic drugs on metabolite concentrations. The sub-
jects participating in the studies reported in Table 51 had been drug-free for at least 1
week and in most cases more than 2 weeks.

3.2.6.2. Metabolite values as predictor of response to drugs. High pretreatment
excretion rates of the catecholamines and MHPG have been observed to be associ-
ated with a positive therapeutic response to propranolol, whereas low rates were
associated with no improvement®!®8, Early neuroleptic response has been reported to
be significantly correlated to pretreatment plasma HVA in both sexes and to plasma
MHPG in women®°2:82%_ Subjects who responded well to haloperidol treatment were
found to exhibit significantly higher pretreatment plasma HVA and a trend to higher
MHPG concentrations than those who did not respond’®2. No relationship between
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pretreatment CSF concentrations of HVA or MHPG and clinical response was ob-
served for treatment with chlorpromazine, thiothixene, meiperone, suipiride or cloza-
pine’®”. Also, pretreatment excretion rates of 5-HIAA or HVA proved to be un-
suitable in predicting clinical response to reserpine treatment’’%:77%,

3.2.6.3. Correlation of changes in metabolite levels with therapeutic response.
The changes in metabolite concentrations produced by treatment of schizophrenics
with anti-psychotic drugs mostly did not correlate with clinical improvement. Thus,
changes in urinary 5-HIAA concentration following chlorpromazine or reserpine
treatment were not related to therapeutic response’’®77%, Changes in urinary HVA
concentration after treatment with chlorpromazine or reserpine’’®77° and flupen-
thixol®°7, in plasma HVA after treatment with apomorphine®2°, chlorpromazine®!®,
fluphenazine®!'’, haloperidol®!®, perphenazine®!®, thioridazine®!® and thiothix-
ene®®’, trifluoroperazine®!® and verapamil®!® and in CSF HVA after treatment with
chlorpromazine®?3-797 haloperidol®®3, melperone”’, thioridazine®®® and thiothix-
ene’®” could not be demonstrated to be correlated with improvements in clinical
condition. However, the acute effect of neuroleptics may be reflected by changes in
plasma HVA concentration®°#8%%, Decreases in plasma HVA following treatment
with fluphenazine**%-78* and in CSF noradrenaline after treatment with pimozide
proved to be significantly correlated with therapeutic response. Decreases in urinary
MHPG after treatment with flupenthixol®®’, in plasma MHPG after treatment with
verapamil®!® and in CSF MHPG after treatment with chlorpromazine’®’, melpe-
rone’®’, thiothixene’®” and verapamil®!® were likewise not correlated with ther-
apeutic response. It has been claimed that a decline in the excretion of 3,4-dimethoxy-
phenylethylamine during long-term treatment with chlorpromazine is highly
significantly correlated with clinical improvement!®3,

3.2.6.4. Tardive dyskinesia. Until recently, it has been thought that tardive dys-
kinesia was caused by excessive dopaminergic activity in nigrostriatal pathways sec-
ondary to chronic neuroleptic treatment. A statistically significant positive correla-
tion between plasma HVA®!® and CSF HVA?33# and the severity of the dyskinesia has
been reported. However, recent investigations have demonstrated no significant dif-
ferences in either plasma HVA822 or CSF HVA799:513 between normals or control
schizophrenics and subjects suffering from tardive dyskinesia. The CSF concentra-
tions of MHPG®!3:79° 5.HIAA334:513.790 3nd DOPAC3!3 are also not significantly
different in tardive dyskinesia compared with controls. However, urinary MHPG
may be lower in schizophrenics with tardive dyskinesia than in those free from the
disorder®23, Serum’’? and CSF3** concentrations of noradrenaline have been re-
ported to be elevated in schizophrenic subjects with tardive dyskinesia. The mea-
surement of HVA and S-HIAA in the CSF of tardive dyskinesic patients before and
after treatment with probenecid gave no indication of reduced function of the dopa-
minergic and serotonergic systems52¢,



B. A. DAVIS

160

{(Turdy

13uo)) |DJHW {(Tuus 123uo)) |yAH oy euIse|d 8L
(100 > d) lyN (100 > sA Enw plouereq 48D 67
SN
TVVIH-S {(S'N) IVAH ‘(S'N) TDdHW ploueied 48D SIS
(100 > 9) lVAH oy 4S80 $69
(SN
VWA (SN lva (zoo > 9) ?AS: oy auln 08L Jopuadofey
uon
-ﬁ:uﬁw:w EEON&uQ—& yim .m.Zv DdHIN diuolyn BUwISe[d €08
(1000 > 9) TVAH payIsse[d JoN ewse[d v8L
(100 > 9 TVAH oluoIy) ewse[d Sty
(wi9-8uoj T ‘Apnis [eurpni8uo]) |VAH Payissed 10N BWSE[J SI8 suizeusydnpy
(5200 > d) TDIHW Aoy auupn LO8 loxigyuadnl.i-4
(SN 1Ovd
-0d {'S'N) TVAH (1000 > d) TOJHW oy A4S0 108
(1000 > 9) Tovdoa
(1000 > ) TYAH (1000 > d) TOJHWN oy euise[d 108
(so00 > d) Tovdoa aleyms
{1000 > 9) TVAH ‘(100 > 9) qcmwz sy auup) 108 umbosuga
JIsn
uud)-3uo| Joye Snup Jo [eMBIPYNIM JO
1092) (§0'0 > ) T¥N (500 > d) TYAH
‘(100 > 9) Tovdod “(s00 > 9 Tva stuory) 480 LLL
(wi2)-3uof T {Apms reurpmiSuo]) | VAH noydhsg BUWISE[] SI8
(1000 > ) TOdHW (100 > 9) [VAH PIYISSEO JON AsO L6L
(500 > 9) Tvadnd Aoy auun €81
(S'N) DdHI Aoy suun LO8
(100 > 9 lvAH oy 48D $69
(1000 > 9) [VAH sy 48D S6L
(5000 > @ [VAH ‘(S'N) VVIH-S Aoy 480 vis
TVINA ‘IVAH LVVIHS payIsse[d 10N auun 6LL
(z00 > O TYIWA
o0 >d) lLvAH “(SN) lVVIHS PaYIsse[d 10N auun 8LL auizewoidio)
(100 >9) TVAH soIy) wnag 08 surydiowody
211]0qDI2W 10 IUIUWD viuaaydoziyos pmyf
uo 123ff37 103210 wadojorg EXIENEIEN S Inuq

SNOILVILNADNOD 41ITO08VLIW NO SONAA DILOHDASI ILNYV A0 S1OAAAd

IS 414VL



161

BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS

JUSUIIBa1) SULINP SISBIIOSP UONBIIUIDUOD “4

Jusunyear) Juunp saSBIIOUI UOHRITUDUOY) ¢| “sutwejAylajAusydAxoylounp-4‘c = VAJING ‘eutiydoueisl = N S€ S]qe ] PUE 1X3) 3935 ‘SUONBIAAIQQE J0] ,

(S'N) VVIH

-6 ((S'N) TOdHW (100 > d) \VAH
(500 > d) TOdHW (100 > d) {VAH
(S'N) VVIH-S 45000 > 4) {vAH
(u119)-133uo] 1 :Apmys [eurpniBuo]) | VAH
(wi9y-193u0] 1 :Apmus [eurpnuduol) | VAH
(S'N) DdHW (1000 > 9) |VAH
(S'N) DdHW {S'N) VVIH-S {VAH
(asn wi9-Suof Jaye Snip

JO [emelpyim Jo 1039) ('S'N) VVIH-S
{500 > d) TYN {500 > d) TVAH
{100 > 4) tovdod (so0 > 9) tva
(u-153uo] 1 :Apms [euipniiduo]) | VAH
(S00 > d) [VAH

(S'N) ODdHW (100 > ) |VAH

(S'N) VYL {(S'N) vVI

(1000 > d) TVINA

(1000 > ) {VAH 500 > 9) |VVIH-S
(1000 > ) TVINA

{1000 > &) LVAH 500 > 9) LVVIH-S

(100 > 9 t¥yN

(wi9)-3uoj 1 :Apms [eurpnnduol) |VAH
(asn suzewoidioyo o

-o1d 19)J8) {70°0 > d) LVIWA {(10°0 > d)
NN €200 > ) INW {100 > 9) lVN
(SN

TvvI(S'N) VUL (100 > d) TVVIH-S
(1000 > d) TOdHW (1000 > d) {VAH
(SYoam ¢ 198 1000> 9

1) (S'N) OdHW (S'N) VVIH-S {sq3om
¥ 19e 520'0> 4 1) {1000 > d) lVAH
(1000 > 9) [VAH

IVAH

(S'™N) VAH

(osn

u1d)-8uo] 19y 3nIp JO [eMBIPYIIM JO
1099 (500 >d) TYN (500 > d) TVAH
{100 > 4 1Ovdod {500 > 9) Tvd
(Twis)-3uoj :reurpniduo]) | yAH

ooy
owoIy)
oy
anoyoAsd
moyossd
PaUIsse 10N
oy

owo1y)
anoyoAsd
oy
NoydAsd
PSYIssed 10N

payisse}o 10N

PpayIssed 10N
aanosyeozIyds ‘prouered
‘pajenuaIsIpun
anoyoAsd

sruoIy)

soIyD
payisse[d 10N

oy
PAYISSE JON
payisse]d 10N
PaUIsSE[D JION

ooy
anoydAsd

480 618
ewise[d 618 juedesop
480 ¥I8
ewISB[q SI8 surzeradonpu]
Bwise[d SI8
4SO L6L
4SO 68L suaxiyjoy |,
480 LLL
BuIse[d SI8
4SO $69 suizepuow],
480 L6L spuiding
auun 1Z8
Ul 6LL
aunn 8LL osurdiasay
48D Let apizould
ewIse[q SIS surzeuosydiag
auln) 6€1 aunsadAxQ
suun) L9L edopjApIoN-»
ASD L6L
ASD 68L suoradp
ewIse[d +08
BuIse[d LIg
ewise[d 6l
4S80 LLL
euiseid SI8



B. A. DAVIS

162

TONUOD S4 [0°0 > @ puu
JOIIU0D S [000 > d 4o
[011U00 'S4 §0°0 > d

mw/Suy F 6 TW/U yuel F 9 E{Ne) 98y poe onaoejdusyd
Y 4z 1od Bw 810 F 081 q 4 1od Bwr ,,,80°0 F LT1 autin 91 -Ax01pAyI-4'E
(Fe[NOLITU2A)
91T 61 F  ¥SI As0 €8
LF €6 SIF €9 (Yo} 0£8
LLF 668 2S99 F 9pS aso (439
[w/dug ¥ 0¢ w/@az ¥ 0 asd SLy
8F 09 LF 0T EiNe) 9Ly
ST Ig L1 F S8 Eive) 1139
¥ € el F 61 4S80 98y
AR 4 I+ 01> E{Ne) 678
S F Sy 2 F 91 480 89¢
€1 F  6¢ w6 F T ASD 69v
89 F 82 6€F SI ASD 9%
(21005 TROTUID
T6F TLS Y31) 4298 ¥ S0E ASD 675
Avuoom _moﬁ:_o
T6F TLS Mo 9L F 18 480 6CS
9F ¢S LF Sl ELe) 06¥
61 F 9¢ =80 F Pyl ASD 16v
61 F ¥¥e w1 F 85I ASD S6v
LF o TF U E{Ye) iy
8T Lp TF LU aso LTS
w/dugg F 8¢ w/@uge F 07 ASD L6V
Ypzd 3w 10 F LIT Y7 12d w910 F €67 auun 91 pwe
aurunean 3/3w /¢ aumunearn 3/3w ¢y auun 878 SI[IUBAOWOH
surwejAyyo[Auayd
T1F 89 €0F vv auun LT8 -AxoyowiJ°¢
ypgpddigr ¥ 9ig Ypzd3rzz ¥ 192 auu() b
suruneso §/31 g ¥ Lzl sumumneso 8/37 .8 F 0S1 Juln 111
€TF 9 (payednfuod) 71 ¥ 0€z auun) 91
(parednfuooun)
ypzd8ie ¥ 971 Ypg 12d 31 4, TE F S°L9 auum) 961 sunuedoq
ﬁ.st‘ NN.:QQUNNE
NQ.QEQU thmu.ﬁ .m.. EQME.BTU& NUQMQNSQ mw:mkm.\ug A0 Nssv\

WHLSAS DIDYIANINVIOQ
s H14vL



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 163
4, NEUROLOGICAL DISORDERS
4.1. Parkinson’s disease

4.1.1. Introduction

A central dopamine deficiency is considered to be an important factor respon-
sible for the pathogenesis of Parkinson’s disease. A discussion of dopamine and
serotonin disturbances in Parkinsonism can be found in a review by Mendlewicz et
al.%84. Post-mortem examination of the brain of a Parkinsonian patient revealed
reduced concentrations of dopamine and its metabolites in the striatum, putamen and
caudate nucleus®33. Serotonin and 5-HIAA were also lower in some regions. That the
brains of patients suffering from Parkinson’s disease synthesize less dopamine than
normal subjects has also been shown by significantly decreased dopamine excretion
and lower CSF concentrations of HVA (Table 52).

No correlation between the HVA concentration in the CSF of Parkinsonian
patients and the presence or absence or rigidity or akinesia could be demonstrated®*?,
nor could a correlation between pretreatment severity and pretreatment HVA or
5-HIAA concentration be demonstrated#69-533.829.830.836-838

Alterations in central serotonin metabolism have been reported to attend Par-
kinson’s disease (Table 53), although it appears that this may be a secondary derange-
ment having no effect on the severity of the extrapyramidal signs characteristic of the
disorder335-829:83% Pretreatment concentrations of 5-HIAA in the CSF are generally
lower in Parkinsonism (Table 53) than in control subjects but the differences have not
been consistently statistically significant. The noradrenergic system appears to be
normal in Parkinsonism (Table 54).

4.1.2. Metabolite concentrations in Parkinsonian patients and controls
Metabolite concentrations in Parkinsonian patients and controls are given in
Tables 52-55. All concentrations given are for medication-free subjects.

4.1.3. Effect of L-DOPA treatment

Although the concentration of HVA in the CSF of Parkinsonian patients in-
creases roughly in proportion to the dose of L-DOPA*68:486.495.497.529,533,828.829,-
836.837.840  this increase has generally not been found to correlate with clinical
improvement*68:486.495.497,529.533.829.836.838 The single exception to this finding has
not been explained®3°. The DOPAC concentration in CSF also increases after in-
gestion of L-DOPA, but the increase is also not correlated with clinical improve-
ment*®6-840 Furthermore, pretreatment values for HVA in CSF do not correlate
with the responsiveness of the subject to L-DOPA treatment*7%335:829.838 gome
investigators have reported that those patients most responsive to L-DOPA therapy
start treatment with much lower concentrations of HVA®2°, whereas others have
found that patients with high pretreatment HVA do as well on L-DOPA as those with
low levels®28. It has also been suggested that the change in the HVA concentration in
CSF during L-DOPA treatment might be of value in predicting the response to L-
DOPA%68,

A high baseline concentration of S-HIAA in CSF has been reported to predict a
good response to L-DOPA therapy*®’. Agreement on the effect of L-DOPA on the
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concentration of 5-HIAA in CSF has been poor, some workers claiming it to be
reduced*®3:793:829 and others finding no change*®”. No change in the CSF or urinary
concentrations of MHPG?®33-84° or the urinary excretion of VMA84? was observed
after L-DOPA administration.

p-Tyramine has been reported to be reduced in Parkinsonian patients on L-
DOPA193:834 byt to be near normal in untreated subjects'®”-!!!, Tryptamine and
indoleacetic acid are not affected by L-DOPA ingestion”®3834,

Although no pretreatment clinical distinction between Parkinsonian patients
with low or high concentrations of HVA in CSF could be made, those with low
pretreatment values responded well to treatment with amantidine*®®. With probene-
cid pretreated Parkinsonian patients, the administration of L-tyrosine results in a
statistically significant increase in the CSF concentration of HVA, indicating an in-
crease in dopamine turnover in these patients®4°,

4.1.4. Effect of probenecid

As L-DOPA therapy can have serious side effects and because treatment should
be continued for several months prior to a final assessment, it would be useful to be
able to predict the results of therapy in advance. It has been suggested that the
determination of HVA and 5-HIAA in CSF after treatment with probenecid may be a
better diagnostic tool for Parkinson’s disease than the pre-treatment values*’®. A
significant (p < 0.03) negative correlation between the post-probenecid HVA concen-
tration in CSF and clinical improvement scores after L-DOPA therapy, and a signif-
icant negative correlation between HVA accumulation and degree of improvement,
have been demonstrated®3®. Thus, a single lumbar puncture and HVA determination
after probenecid administration permits the prediction of the results of L-DOPA
therapy. Several studies have shown that Parkinsonian patients treated with probene-
cid exhibit a significantly smaller increase in the CSF HVA concentration than nor-
mal or neurological controls, indicating a decreased dopamine turnover for the Par-
kinsonian patients*’5:491:495.527.841 parkinsonian patients with markedly decreased
dopamine metabolism as shown by the probenecid test seem to benefit more from
L-DOPA therapy®3°. The ratio of the CSF concentrations of 5-HIAA and HVA is
significantly greater in Parkinson’s disease than in controls after probenecid admini-
stration, again indicating a lower dopamine turnover in Parkinsonism®3°. A sub-
stantial diminution in the response of CSF 5-HIAA to probenecid administration in
Parkinson’s disesase compared with controls has been reported, indicating that cen-
tral serotonin turnover may also be deficient*’3*°%:335, However, unlike the CSF
HVA concentrations, no correlation of 5-HIAA concentrations or changes in 5-
HIAA concentrations after probenecid treatment with the degree of clinical improve-
ment after L-DOPA administration could be demonstrated®?>.

4.2. Alzheimer’s disease

A post-mortem analysis of the putamen and caudate nucleus from patients
with dementia of the Alzheimer type revealed reduced concentrations of noradrenaline,
serotonin and their metabolites®33. Some differences and similarities in the pat-
tern of reduced concentrations between patients with Alzheimer’s and Parkinson’s
diseases were noted. The data summarized in Table 56 for metabolite concentrations
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Metabolite Reference Biological Alzheimer’s disease Control
Auid
Homovanillic 526 CSF 41.7 + 4.0 ng/ml 41.5 + 3.8 ng/ml
acid 775 CSF 33.7 + 5.1* 704 + 7.4
(schizophrenic)
333 CSF 32 +£32 35 £ 21
522 CSF 29.1 + 5.9** 423 + 34
521 CSF 269 + 04 263 + 0.7
507 CSF 464 + 76 521 + 4.7
17 CSF 27.5 + 42* 67.5 + 3.7
464 CSF 52 & 6%+ 78 +7
845 CSF 29 + 54 33 +46
472 CSF 38 +6 40 6
844 CSF 28 £ 5.4** 51 +£73
479 CSF 23 £ 41> 60 + 72
476 CSF 30 +63 60 + 78
339 CSF 148 + 2.4* 422 + 45
3,4-Dihydroxy- 339 CSF 0.41 + 0.04** 0.74 + 0.10
phenylacetic acid
Noradrenaline 333 CSF 340 £ 90 pg/ml 580 £+ 20 pg/ml
243 CSF 411 £ 25%* 245 £+ 33
243 Plasma 677 £ 64%** 253 £+ 37
3-Methoxy-4- 526 CSF 9.6 £ 0.8 ng/ml 10.1 % 0.9 ng/ml
hydroxyphenyl 775 CSF 85 £ 0.5 94 +0.7
glycol (schizophrenic)
333 CSF 55 + 17 59 +04
522 CSF 83 £ 04 72 +£05
507 CSF 88 £ 1.1 72 +0.6
610 CSF 10.6 + 0.1 98 + 0.1
339 CSF 99 +908 82 +04
243 CSF 108 + 09 76 + 0.8
243 Plasma 54 06 34 +£03
5-Hydroxy- 337 CSF 110 % 10 pg/mi** 400  + 140 pg/ml
tryptamine (caudal)
523 CSF 12.1 + 3.9 ng/ml 127 + 2.6 ng/ml
339 CSF 470  + 90 pg/ml 370 + 100 pg/ml
S-Hydroxy 476 CSF 20 £ 3*** ng/ml 40 £ 2ng/ml
indoleacetic 479 CSF 35 +34 40 +24
acid 844 CSF 20 & 2.5%** 29 +24
472 CSF 31 £3 27 +4
464 CSF 35 & 2% 42 3
17 CSF 295 + 45 325 £20
507 CSF 229 +23 225 £+ 27
521 CSF 144 + 02 108 + 04
522 CSF 16.0 + 1.5** 214 + 18
333 CSF 17 +2 23 +3
337 CSF 129 + 1.3%* 202 + 1.8
523 CSF 279 +29 255 +24
775 CSF 220 x 1.5 287 23
(schizophrenic)
526 CSF 206 19 208 + 2.1
339 CSF 8.1 + 1.9** 143 +13

* p < 0.001 vs. control.
** p < 0.05 vs. control.
*** p < 0.01 vs. control.
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in CSF and in some reviews®84:842:843  although partly contradictory, indicate re-
duced levels of HVA and 5-HIAA in Alzheimer’s disease. Significantly higher levels
of noradrenaline in both plasma and CSF have been interpreted to be compatible
with an increased turnover of noradrenaline in Alzheimer’s disease, although the
MHPG concentrations generally fall in the normal range?*3. Pre-senile dementia has
been associated with lower CSF concentrations of both 5-HIAA and HVA than
senile dementia*7%-322:844 whereas the MHPG concentrations are not different. The
more severe symptoms of the disorder are associated with lower concentrations of
5-HIAA and HVA in CSF!7-464-841 and with higher concentrations of plasmaZ?*3
and CSF?43*84! MHPG and noradrenaline. In Alzheimer patients, serotonin and
5-HIAA are negatively correlated, whereas in the same CSF fraction from Parkinso-
nian patients they are positively correlated, indicating a differential involvement of
the serotonergic system in the two disorders®23, Various anti-depressant drugs have
been tested in Alzheimer patients and the effects on the CSF concentrations of HVA
and 5-HIAA determined®?%7%3, The HVA/5-HIAA ratio was able to discriminate
more powerfully between the effects of different drugs than either metabolite sep-
arately.

5. OTHER DISORDERS
5.1. Aggression and violence

5.1.1. Introduction

The concentrations of S-HIAA in the CSF of violent individuals have been
consistently reported to be lower than those in non-violent persons. Brown et al.63¢
have shown that more impulsive aggressive individuals exhibit significantly reduced
5-HIAA concentrations in their CSF compared with less compulsive individuals hav-
ing a significantly lower aggression score. The MHPG and HVA concentrations did
not differ between the two groups. Similarly, the 5-HIAA concentration in the CSF of
murderers who have committed more than one violent crime is significantly less than
that in murderers who have committed only one violent crime’3*. Both homicidal
and suicidal killers have lower 5-HIAA levels in CSF than normal controls’33. A
negative correlation of the 5-HIAA concentration in CSF with the incidence of crimi-
nal acts has been demonstrated®*’. These results suggest that low levels of 5-HIAA in
CSF reflect a disorder of serotonin turnover which can make an individual more
prone to violence in states of emotional turmoil. Support for this hypothesis has been
provided by a study of subjects exhibiting the 47, XYY syndrome*®!:84® in which
probenecid tests showed a much smaller CSF accumulation of 5-HIAA for the ag-
gressive subjects than for controls, indicating a decreased serotonin turnover in the
former. A dramatic increase in the CSF levels of 5-HIAA was observed for these
subjects following treatment with L-tryptophan®*8. The clinical improvement in these
patients was equivalent to that obtained by treatment with conventional neuroleptics.

Sandler et al.**3 have proposed that phenylethylamine overproduction may
represent a compensatory response to curb aggressive tendencies arising as a result of
some unknown functional derangement. In support of this theory they found signif-
icantly elevated levels of total and unconjugated phenylacetic acid in the plasma of
aggressive prison inmates. More recently, the results of investigations by Boulton et
al.*?® and Yu et al.*?8 failed to confirm this finding, demonstrating a trend to a
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reduced plasma concentration of phenylacetic acid in aggressive subjects. These con-
tradictions may reflect inadequate definitions of aggression and violence, and also
confusion between violent and agressive behaviour which may not be synonymous.

5.1.2. Metabolite concentrations in aggressive subjects and controls
The metabolite concentrations obtained in experiments on violent and aggres-
sive subjects are summarized in Table 57.

5.2. Hyperkinesis and attention deficit disorder

5.2.1. Introduction }

The data indicate that a dysfunction of the noradrenergic system may be in-
volved in the aetiology of hyperkinesis and attention deficit disorder. The other
monoaminergic systems do not appear to be involved, although a trend to elevated
plasma indoleacetic acid in hyperkinetic children has been reported*?®. Behavioural
changes in boys with attention deficit disorder with hyperactivity treated with methyl-
phenidate were not correlated with the urinary excretion of noradrenaline or its me-
tabolites®4®. However, treatment with D-amphetamine produced a decrease in uri-
nary MHPG?®3-85! that was related to the response to the drug. Subjects with low
pretreatment urinary HVA tended to respond better to D-amphetamine than did
those with normal HVA levels, and their clinical improvement corresponded with an
increase in HVA excretion®%852, p-Amphetamine caused a reduction in the CSF
concentration of HVA which was closely correlated with clinical improvement®33. It
was suggested that these results support the view that an alteration in central dop-
amine-mediated synaptic function may occur in hyperactive children®33,

5.2.2. Metabolite concentrations in hyperkinetic children and controls
Metabolite concentrations in hyperkinetic children and controls are given in
Table 58.

5.3. Migraine

Dysfunctions of the serotonin, dopamine, noradrenaline and tyramine systems
have all been implicated in migraine aetiology. A conjugation defect in dietary and
tyramine-sensitive migraine has been postulated; support for this theory has been
obtained by challenging patients and controls with oral tyramine and observing sig-
nificantly less excretion of conjugated tyramine in the migraine patients'?®-1°°, How-
ever, in a more recent study in which the migraine sufferers were challenged with
deuterium-labelled tyramine, these findings could not be confirmed, although a con-
jugating enzyme, phenolsulfotransferase, proved to be significantly less active in the
migraine subjects®”.

Significant changes in serotonin and dopamine metabolism during different
stages of migraine attacks have been reported*®®. Urinary 5-HIAA367:489:859 4pd
VMA?3¢7 excretion have been shown to increase during a migraine attack, although
some studies have shown no change in VMA excretion during an attack*%%-%%°, Sig-
nificantly higher plasma VMA and urinary MHPG have been found in migraine
patients even in the absence of an attack”’. The relationship between the serotonergic
system and migraine has been reviewed®6°.
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176 B. A. DAVIS

6. FACTORS AFFECTING THE CONCENTRATIONS OF THE BIOGENIC MONOAMINES AND
THEIR METABOLITES IN BIOLOGICAL FLUIDS

6.1. Subjects variables

6.1.1. Age
" That the concentrations of some biogenic amines and their metabolites may be
age-dependent was established more than 30 years ago by Karki'2*. The results of
numerous studies on metabolite concentration—age correlations are summarized in
Table 59.
Some inconsistencies are evident, but a trend to higher concentrations with
increasing age appears to occur.

6.1.2. Sex

In general, male urinary excretion of biogenic amines and their metabolites is
greater than female excretion, although these differences often disappear if the results
are expressed in ug/g creatinine rather than in ug per 24 h11:126:557.563 A5 women, on
average, weigh less than men and also excrete less creatinine than men®, differences in
the total daily excretion of amine metabolites may be related, at least in part, to
weight differences between the sexes which will be corrected for if the excretion is
expressed in ug/g creatinine. Tables 60-63 also show that metabolite concentrations
in the CSF of women are generally higher than those for men. As men, on average,
are taller than women this difference may be at least partially accounted for by an
inverse correlation between body height and CSF metabolite concentrations®®2,

6.1.3. Weight

In human CSF, 5-HIAA levels in women have been reported to be affected by
body size whereas those of men are not®®'. In mixed populations 5-HIAA,
HVA!170:526:632 3nd JAA*®! concentrations in CSF appear to be independent of body
weight. No correlation between the urinary catecholamines and their metabolites
with weight have been found®!7°, although a trend to increasing noradrenaline ex-
cretion with increasing weight has been noted®.

6.1.4. Height

The concentrations of HVA and 5-HIAA in CSF are widely reported to be
negatively correlated with height!70:510-512.518.524,525.632,691,736,882.883 4]though in
some instances this has been true only for female subjects! %!, MHPG concentra-
tions show no correlation with height!7%-72¢-882 except in depressed populations in
which there is a modest negative correlation'’%-882, Indoleacetic acid levels in CSF
are independent of subject height*®!. It has been suggested that because 5-HIAA and
HVA appear in higher concentrations in the cisternal than in the lumbar CSF and
show a decrease as the fluid travels towards the lumbar sac, it is not surprising that
some investigators have reported a negative correlation of these metabolites with
height324.

6.1.5. CSF gradients
Because of the pronounced cisternal-lumbar and lumbar—ventricular metabo-
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lite concentration gradients, it is exceedingly important that the site of puncture be
standardized within a given study and also preferably between studies if meaningful
comparisons are to be made343:501:504.524.883.886.887 The gradients for DOPAC,
HVA, 5-HIAA and MHPG have been shown to be statistically significant34*, Con-
siderable intra-individual variations in the concentrations of noradrenaline, 5-HIAA,
MHPG and HVA in the CSF from one lumbar puncture to the next have been
indicated, although the mean concentrations were similar®®!. The results of spinal
cord transection and spinal fluid block suggest that the spinal cord contributes to the
concentration of MHPG, possibly to 5-HIAA but little to HVA®884,

A marked increase in the concentrations of amine metabolites, particurlarly
HVA and 5-HIAA, as more and more CSF is removed has been demonstrat-
ed*63:501,504,530.786,886,887.889.890 However, there is disagreement on whether a gra-
dient is present in both recumbent and sitting subjects®86-890, 5-HIAA and HVA, but
not MHPG, were found to be significantly lower in caudal than in rostral sam-
ples®2%-8%! and the lumbar concentrations of several metabolites have been demon-
strated to be substantially lower than in cisternal*®® or ventricular*57-473:300.581 gay_
ples. No correlation between the differences in ventricular and lumbar metabolite
concentrations and body height was found, suggesting that body height may not be
an accurate measure of the rostrocaudal gradient’3S,

The concentrations of HVA and 5-HIAA are significantly reduced where there
is evidence of a restricted flow of CSF from the ventricles to the lumbar sac*®’, a fact
which should be remembered when interpreting low concentrations of metabolites in
the CSF. CSF sampling by air encephalography was shown to be inferior to lumbar
puncture in that the former produced much higher values for metabolite concentra-
tions®2®.

6.1.6. Genetics and race

Studies of schizophrenia in twin cohorts have indicated that there is probably a
genetically controlled biological mechanism that predisposes one to the illness. Data
for monozygotic twins suggest that some abnormality of catecholamine metabolism
may be related to this genetic predisposition®®>. The urinary excretion levels of the
catecholamines were higher than normal in both members of discordant pairs and
showed significant intra-class correlations, which strongly suggested the possibility of
genetic control®®®, However, within families, the urinary concentrations of the cate-
cholamine metabolites did not demonstrate any changes that could be related to
psychopathology3#. For those subjects reporting increased psychiatric morbidity
among relatives, there has been found an increased variance in MHPG excretion
compared with those without such a history, suggesting that urinary MHPG may be a
predictor of family vulnerability for psychiatric morbidity in healthy subjects®*. In
healthy monozygotic twins, a high concordance for both free and conjugated plasma
MHPG suggests that plasma levels may reflect a heritable biological trait>®>.

Studies on the family histories of schizophrenic subjects have shown higher
concentrations of 5-HIAA and HVA in the CSF of those patients with a family
history of schizophrenia than in those without such a history!2:791:896:897 Onp the
other hand, low 5-HIAA and HVA concentrations are related to an increased risk of
depressive disorders in family members®®”. In a study of twins and unrelated individ-
uals, only the MHPG concentration in CSF was found to be under any major genetic
influence®8.
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There was no evidence of cultural or environmental contributions to MHPG
levels, but for HVA and 5-HIAA a familial influence was found where cultural heri-
tability was higher than the genetic®°®. Urinary phenylethylamine excretion is lower
in both schizophrenic and non-schizophrenic East Indian subjects than in similar
North American subjects!®!. Whether this is due to dietary, cultural or other envi-
ronmental factors or to genetics was not established. White males have been shown to
exhibit higher plasma noradrenaline levels than black males, although females were
not different?>3,

6.1.7. Physical-organic diseases

Highly significant increases in the urinary excretion of VM
HVA381.387,904 * MUPG conjugates!!*387:575 normetanephrine®?°%5 and 5-
HIAA370:906.907 have been observed in cancer patients, particularly those suffering
from pheochromocytoma. 5-HIAA and serotonin urinary excretions®®’ and plas-
ma®°® levels are elevated in patients with functioning carcinoid tumors but not in
those with non-functioning or non-carcinoid tumors.

Plasma?2%:228:264 and urinary®®' catecholamines and plasma®®® and urin-
ary'®!-36¢ MHPG have been shown to be positively correlated with blood pressure.
Further, the CSF?%° and plasma!*8-228:909 concentrations of noradrenaline, adrena-
line and dopamine have been reported to be significantly elevated in subjects with
essential hypertension, although these results were not confirmed by other investiga-
tors232:253_ Urinary HVA and VMA excretion are also elevated in hypertensive pa-
tients3%2,

In poorly controlled diabetics, increases in plasma noradrenaline have been
demonstrated?*®. In Huntington’s chorea, both the CSF concentration and turnover
of HVA have been shown to be significantly reduced®!3; in an early study, however,
the urinary excretion of HVA was normal®®2, Phenylethylamine excretion in phenyl-
ketonuria is highly significantly elevated®®®. A dysfunction of the blood—CSF barrier
has been reported to cause significantly increased CSF concentrations of noradrena-
line and adrenaline®®2,

387,394,401,900-904
A )

6

6.2. Environmental variables

6.2.1. Diet

Fasting has been employed as a means of determining the degree to which diet
contributes to biogenic amine and metabolite levels in plasma and urine. Plasma
HVA783 phenylethylamine and p-tyramine®®*°2 and urinary HVA3°°, 3,4-dimeth-
oxyphenylethylamine’3, VM A 390:406.409 35,4 MHPG7%-%%3 have been reported to be
unaffected by fasting. However, contradictory results have shown that fasting does
eliminate dietary effects on plasma HVA3%9:°13 and urinary VMA®!!. Fasting or a
diet restricted in foods known to contain caffeine®!® or protein’*® reduces the excre-
tion of catecholamines!3%?1% and their metabolites, free and conjugated histamine
and its metabolites’®°2 and free plasma phenylacetic acid*?*.

The ingestion of bananas, pineapple and some other foods such as plums,
tomatoes and walnuts produces markedly elevated levels of wurinary 5-
HIAA!16.362,369.872.915 Bananas have also been reported to result in increased uri-
nary excretion of VMA, DOPAC and HVA®72 and plasma dopamine?49-322:916 3nd
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noradrenaline?4%-°1¢ particularly the sulfate conjugates. Eating oranges has been
reported to increase the excretion of p-hydroxymandelic acid®*®. Caffeine intake ap-
pears to affect primarily the noradrenergic system, increasing plasma noradrenaline
and adrenaline concentrations!’2:5°°, plasma MHPG?®°° and urinary normetane-
phrine and metanephrine’7*?1%, The ingestion of chocolate, which contains phenyl-
ethylamine, p-tyramine and other biogenic amines, produced no significant changes
in the urinary excretion of these amines®%1%°, whereas the ingestion of cheese, which
also contains some biogenic amines, has been shown to produce a small increase in
the excretion of conjugated p-tyramine and unconjugated p-hydroxyphenylacetic
acid!®’. Urinary excretion rates of phenylethylamine®°%-°'4 and phenylacetic acid®°¢
exhibited no dietary influences.

6.2.2. Smoking

Cryer et al.?®? have reported significantly elevated plasma noradrenaline and
adrenaline concentrations in smokers. Other investigators have found an increase in
the urinary excretion of adrenaline!*%33% and 1,4- and 1,5-methylimidazoleacetic
acid3%%-888 in smokers. No effect of smoking on VMA, 5-HIAA or histamine excre-
tion was observed, however. It was concluded®3° that regular smokers metabolize
certain endogenous amines differently from non-smokers and that this difference may
be at least partly responsible for the withdrawal symptoms sometimes seen on stop-
ping smoking. Davidson et al.>*° have demonstrated that smoking two cigarettes has
no effect on the HVA concentration in plasma. Cyanide and formaldehyde in the
saliva of cigarette smokers has been shown to react with phenylethylamine and p-
tyramine to produce N-cyanomethyl derivatives®!”.

6.2.3. Alcohol consumption

The catecholamines have been reported to be elevated in the urine and
plasma®29:92! of intoxicated subjects, although delay in the increase in plasma nor-
adrenaline concentration following alcohol consumption has been observed®?!. An
increase in plasma levels of normetanephrine and metanephrine, a significant decline
in VMA excretion and a concomitant elevation in MHPG excretion have been report-
ed to occur while subjects were drinking®2%°2%2, The MHPG concentration in CSF
was found to be correlated with blood alcohol and to be significantly elevated during
intoxication of alcoholic patients and also in healthy volunteers after ingesting 80 g of
alcohol®?3. These data indicate that alcohol ingestion stimulates noradrenaline and
adrenaline metabolism in the central nervous system and may be associated with an
alteration in the pathways of catecholamine metabolism. Stress-induced adrenaline
release (as measured by urinary excretion) has been found to be lower in non-alcohol-
ic adoptees with alcoholic biologic relatives than in similar controls with no alcoholic
relatives, suggesting that familial alcoholism may be associated with a trait of globally
decreased adrenaline responsiveness®!®.

The HVA concentrations in the CSF of alcoholics do not seem to differ signif-
icantly from those of controls’33:867:923 a]though there may be a sub-group of alco-
holics who are non-suppressors in the dexamethasone suppression test and exhibit a
low CSF HVA concentration®®”. 5-HIAA concentrations in the CSF of alcoholics,
although tending to be lower, are not significantly different from the concentrations
in non-alcoholics*®*923, However, after 4-9 weeks of abstinence or in the immediate

918,919
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post-intoxication phase, a significant decline in the CSF concentration of 5-HIAA
has been reported®®’. However, alcoholic murderers proved to have significantly
more 5-HIAA in their CSF than did non-alcoholic murderers’33, Serum indoleacetic
acid in alcoholics is not different from that in controls*?°.

6.2.4. Stress and posture

Plasma and urinary noradrenaline can be altered by posture changes, exercize,
emotional stress, various environmental factors and the method of blood sampling.
Mild physical stress, as in changing posture from recumbent to standing, produces a
statistically significant increase in plasma free noradrenaline (Table 64) but not in
conjugated noradrenaline or free or conjugated adrenaline. However, the urinary
excretion of both catecholamines has been reported to be significantly elevated in
standing compared with supine subjects'2®:?2*, Both schizophrenic?** and depres-
sive283:288.723 qubiects exhibited a greater increase in plasma noradrenaline levels
during stress than did controls. Furthermore, dexamethasone-resistant depressed pa-
tients showed higher noradrenaline and adrenaline plasma levels in both the lying and
standing positions than did non-resistant depressed subjects, suggesting that an in-
efficient hyperactivity to physiological stress characterizes a noradrenergic dysregu-
lation in depression’®!. Posture appears to have no influence on the CSF concentra-
tions of amine metabolites®°°.

More vigorous physical stress, such as walking, bicycling, handgrip contrac-
tions and knee-bends, increases urinary!?* and plasma noradrenaline concentrations
(Table 65); the increases in plasma concentrations have been found to be correlated
with oxygen consumption®2®. Increases in plasma adrenaline?3#-2°® and dopamine?®*
levels in response to physical activity have also been reported. Depending on the type
and duration of the exercize, MHPG excretion may be either increased®24°3° or
unchanged®#4-93!, Similarly, plasma MHPG®3! and DHPG?35:244:289.604 may be
increased?**28° or unchanged??*:6%4931  depending on the stressor. Plasma HVA
has been reported to be unchanged during exercize’5% 783, although Kendler et al.®!?
claimed an increase in plasma HVA during moderate exercise. Plasma histamine®3?
and urinary phenylacetic acid®*®! are unaffected by physical stressors.

Exposure to cold is mainly associated with increases in urinary*3#4°2* and plas-
ma?31:238,239.288.299.927 concentrations of noradrenaline, although urinary!3* and
plasma?3%-2%° adrenaline, plasma dopamine?*® and urinary MHPG?? have alsc been
reported to be increased by cold stress. The effect of cold immersion on noradrenaline
is significantly greater in depressed than in normal subjects?®®, showing that the
noradrenergic system is dysregulated in depression.

Mental stress involving exhilarating or aggressive reactions has been associated
with elevated noradrenaline excretion, whereas emotional stress involving apprehen-
sion, anxiety, pain or general discomfort is regularly accompanied by an increase in
adrenaline excretion®?%933, MHPG excretion has been reported to be significantly
increased in aviators during carrier landings®*#, as has phenylethylamine excretion in
parachutists®'*. On the other hand, trainee pilots showed no significant changes in
phenylethylamine or phenylacetic acid excretion after training flights®®. Venipunc-
ture generally results in an increase in plasma noradrenaline??°-251:92¢ although
Kopin er al.2%® found a decrease in such stressful situations as venipuncture and
hospitalization. Hospitalization has been claimed to result in increased CSF concen-
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trations of 5-HIAA and HVA?®%* but another study showed no effect'’°. Plasma
adrenaline shows a greater increase to cognitive stressors than to other stressors®26. A
combination of submaximal work and mental tasks induced a significant increase in
the excretion of adrenaline, metanephrine and MHPG®2*. Examination stress, public
speaking and mental arithmetic have been shown to increase plasma adrena-
ling?31-267.299.935 ngradrenaline?’® or both?#%22¢ with the noradrenaline increase
being less pronounced than that of adrenaline. Urinary MHPG and HVA (but not
5-HIAA) increased significantly during mental stress'*!. Stress and anxiety have been
associated with elevated MHPG excretion, but it proved not to be possible to predict
that an individual with high state anxiety will necessarily have a high urinary MHPG
excretion or vice versa’>!. Alleviation of mental stress by transcendental meditation
did not result in a lowering of plasma catecholamine levels?2®,

6.2.5. Circadian, seasonal and menstrual cycles

Many physiological variables display circadian rhythms -- a waxing and waning
apparent only if frequent measurements are taken across the 24-h day®®°. Because the
rhythms may not be synchronized in all individuals, a single measurement, even if
taken at the same time for all subjects, may produce misleading results. The most
dramatic day-night cycle is that of melatonin in plasma or serum3!4315.317-
319,342.660.940  CQF319-342 and urine!®7-31%317 in which the night-time values are
significantly higher than during the day. The male and female cycles appear to be the
same42-°4!, During depression, the circadian rhythm of melatonin is disturbed but
returns to normal on recovery®®?. 6-Hydroxymelatonin and its sulfate conjugate also
exhibit a marked (up to 10-fold) diurnal variation in urinary excretion!88:317:876,940
which can be abolished by treatment with atenolol®!7,

Noradrenaline and adrenaline excretion peaks during the day and declines at
night!24:129.942-943 " g]though the diurnal variation is lost during excercize. In con-
trast, dopamine excretion tends to increase during sleep®*3:9444¢. Normetanephrine
and metanephrine excretion show no diurnal variation'?>. Plasma noradrenaline and
adrenaline have been reported to be significantly elevated during the day®*7-°*8, al-
though a later study revealed no diurnal variation®°3, These contradictions may be
explained by another study which demonstrated that recumbent subjects exhibited a
fluctuation in plasma noradrenaline levels with a median period of 107 min regardless
of the time of day. The amplitude of the fluctuations was at times greater than that
due to postural change®*®. Unconjugated urinary histamine is significantly higher
during the day’®. Urinary phenylethylamine excretion does not appear to show a
diurnal variation®!:8%6-914; however, one study has demonstrated phenylethylamine
excretion to be highest between 4 and 12 p.m.5%.

Plasma MHPG?37:38:373.950 and HVA®3? exhibit a circadian rhythm with peak
levels occuring during the day. In subjects who follow a constant routine, the MHPG,
but not the HVA, variation is abolished®>°. It was concluded that diurnal variations
for MHPG are evoked by changes in physical activity, posture and related factors,
whereas the major component of HVA diurnal variation is regulated by a circadian
oscillator independent of sleep or activity. In depressed patients the circadian
rhythms of MHPG?®73:°51 and VMA?3! become desynchronized. Daily fluctuations
in urinary MHPG excretion peak during the day, necessitating 24-h collec-
tions36:70:363.952 However, it has been demonstrated that afternoon plasma MHPG
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values correlate well with 24-h excretion values®®’. In depressed patients, the urinary
MHPG excretion cycle is about 3 h earlier than in normal subjects®2. During cold
exposure, the circadian rhythm of MHPG excretion, but not of VMA excretion, is
abolished??. VMA excretion may be as much as twice as high during the day as at
night!2-23.378.403  Neither free nor conjugated plasma 3,4-dihydroxyphenyl glycol
exhibit a circadian rhythm®3, although the sulfate showed a slight elevation in the
afternoon. Both urinary®’® and plasma?®’ 3,4-dihydroxyphenylacetic acid exhibit a
marked daily periodicity, with the low point occuring at night. Urinary HVA and
3,4-dihydroxymandelic acid show a small diurnal variation37%4°3, The concentration
of 5-HIAA in CSF increases progressively during the day, reaching its highest value
around midnight and then decreasing by half by morning®3*. No diurnal variation in
the urinary®°® or CSF?° concentrations of phenylacetic acid were observed.

Cycles longer than the circadian rhythms are more difficult to measure. A trend
towards elevated dopamine and serotonin metabolite levels in CSF in the late autumn
have been reported, with the lowest levels occuring in late spring®®3-°33, but this could
not be confirmed in later studies®?*7¢, CSF samples from schizophrenic and Alz-
heimer patients during October to March had significantly higher concentrations of
HVA and 5-HIAA (but not MHPG) than samples taken during April to Septem-
ber®*¢, Urinary MHPG excretion is reported to be above normal in winter and below
normal in summer®3!,

The menstrual cycle has been reported to be the cause of variations in the
excretion of histamine and its metabolites, the levels depending on the place in the
cycle at the time of sampling®®®. Plasma HVA has been reported to decline after
ovulation’®3.

6.2.6. Sample stability and storage conditions

It has been claimed that catecholamines in plasma®®® or urine®®? are stable for
periods of up to 240 days if they are frozen with antioxidants; however, other in-
vestigators have shown that storage of plasma samples with antioxidants at low
temperatures was not sufficient to prevent the decomposition of unconjugated cate-
cholamines®%!962 Autoxidation appears to be particularly rapid when the catechol-
amines are placed in buffer solutions®®2. Some workers have reported that small
delays in freezing samples of plasma catecholamines result in major losses244-961,
whereas others claimed that specimens stored at room temperature for periods of up
to 3 weeks show no significant decline in catecholamine concentrations®63. The con-
tradictory nature of these results clearly indicates that caution should prevail and that
the catecholamines should be analyzed as soon as possible after sample collection.

For serotonin, the best results are obtained if samples are stored at pH 6.5 and
-20°C%64-965; at acidic pH and room temperature appreciable degradation oc-
curs?38:965.966  Degradation of both 5-HIAA and serotonin has been reported to
accelerate in the summer months, suggesting sensitivity to light®*®, In quantifying
plasma serotonin, the plasma fraction must not only be platelet- and cell-free, but
should also be subjected to ultrafiltration to remove protein-bound serotonin before a
true plasma serotonin value can be obtained3°6-3°7, An albumin-sucrose ‘“‘cushion”
has been demonstrated to prevent platelet damage during differential centrifuga-
tion3°!, In addition, the use of prostacyclin during blood collection minimizes platelet
aggregation during which platelets may be activated and release serotonin. These
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procedural modifications resulted in consistent values for serotonin which were much
smaller than previously published results3°!. Sulfatoxymelatonin in plasma or urine
has been shown to be stable without preservative for at least 2 years at —20°C and for
5 days at +20°C'9%, suggesting that the instability of the serotonin moiety resides at
the free hydroxyl group. Like serotonin, 5S-HIAA is stable for up to 1 month if stored
at pH 6.5 and —20°C520:957:965 Decomposition is facilitated by light320:958.965-967
high or room temperature®®®-°¢7 and acidic conditions®37:928:965.966

MHPG in urine®64:367:610 and CSF329:610.937 i stable if stored at neutral pH
and —20°C (or colder) for periods of at least 2 months and for up to 30 months>®*. At
acidic pH, urinary conjugated MHPG has been reported to hydrolyze almost com-
pletely within 2 weeks even at —14°C>*¢, Homovanillic acid in CSF appears to be
stable for long periods of storage®?%-°%7. 3.4-Dihydroxyphenyl glycol and 3,4-di-
hydroxyphenylethanol concentrations in plasma and CSF have been reported to in-
crease after freeze—thaw cycles, although this does not appear to be due to a break-
down of the sulfate conjugate®°2.

A recent study of the effect of long-term (up to 9 months) storage of untreated
frozen (i.e., at physiological pH and —20°C) plasma and urine samples on the con-
centrations of several biogenic amine metabolites demonstrated significant declines in
the urinary concentrations of m-hydroxyphenylacetic acid, p-hydroxymandelic acid
IAA, 5-HIAA, HVA, 3,4-dihydroxyphenylacetic acid and 3-methoxy-4-hydroxyphe-
nyl glycol; only the phenylacetic acid, mandelic acid and VMA concentrations re-
mained unchanged®®®. The concentration of p-hydroxyphenylacetic acid appeared to
increase over the 9-month period, possibly owing to breakdown of the sulfate conju-
gate. On the other hand, the plasma concentrations remained stable except for 5-
HIAA acid and m-hydroxyphenylacetic acid, which declined significantly.

Clearly, failure to standardize storage time and conditions within and between
studies may invalidate the results and could account, in part, for many of the in-
consistencies in the results reported in the literature.

7. CONCLUDING REMARKS

A generation of scientists have devoted their efforts to finding biological mark-
ers for psychiatric and neurological disorders among the biogenic amines and their
metabolites, partly in the hope of opening a window on the underlying mechanisms of
the disorders and partly, from the practical side, in anticipation of providing useful
tools for diagnosis and treatment. Overall, the results have been disappointing, in-
consistent and often contradictory. In the early studies problems with the specificity
and sensitivity of the analytical procedures were responsible for the lack of agreement
in the results of different groups. With modern, sensitive methodology such as GC-
MS and HPLC, however, these worries are behind us and new difficulties have be-
come apparent. The fact that, in spite of sophisticated analytical methods, no single
variable or group of variables have yet been unequivocally identified as markers may
lie in the multifactorial nature of psychiatric disorders and, importantly, in persist-
ing differences in the diagnostic criteria employed by different groups of researchers.
In addition, because factors such as age, sex, height and weight of the subject, togeth-
er with environmental factors such as diet, smoking, drinking and drug therapy, are
now known to affect the concentrations of the biogenic amines and their metabolites,
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it is clear that it is imperative that controls be matched with patients for these
variables, difficult as this may be. Further, the small numbers of subjects in most
previous studies has undermined the potential statistical power of even the best re-
search designs.

Clearly, future studies in the field of markers for psychiatric disorders will prove
to be no more consistent than past studies unless age-, sex- and height-matched
groups of large numbers of subjects and widely accepted, well defined diagnostic
criteria are employed.
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9. SUMMARY

The biogenic monoamines and their metabolites have been isolated, identified
and quantified in human body fluids over the past forty years using a wide variety of
chromatographic separation and detection techniques. This review summarizes the
results of those studies on normal, psychiatric and neurological subjects. Tables of
normal values and the methods used to obtain them should prove to be useful as a
reference source for benchmark amine and metabolite concentrations and for success-
ful analytical procedures for their chromatographic separation, detection and quanti-
fication. Summaries of the often contradictory results of the application of these
methods to psychiatric and neurological problems are presented and may assist in the
assessment of the validity of the results of experiments in this field. Finally, the
individual, environmental and the methodological factors affecting the concentra-
tions of the amines and their metabolites are discussed.

REFERENCES

. Pscheidt, H. H. Berlet, J. Spaide and H. E. Himwich, Clin. Chim. Acta, 13 (1966) 228.

. Berlet, G. R. Pscheidt, J. Spaide and H. E. Himwich, Nature ( London), 203 (1964) 1198.

. McDonald and V. K. Weise, J. Psychiatr. Res., 1 (1963) 173.
Swahn and G. Sedvall, Biol. Psychiatry, 23 (1988) 586.

S ergaard and R. Leverett, J. Lab. Clin. Med., 51 (1958) 211.

. Chattaway, R. P. Hullin and F. C. Odds, Clin. Chim. Acta, 26 (1969) 567.

. McNamee, J. P. Moody and G. J. Naylor, J. Psychosom. Res., 16 (1972) 63.

. Weise, R. K. McDonald and E. H. LaBrosse, Clin. Chim. Acta, 6 (1961) 79.

. Jenner, G. A. Harrison, 1. A. M. Prior, D. L. Leonetti and W. Y. Fujimoto, Clin. Chim. Acta,

4 (1987) 17.

. DeLisi, F. Karoum, S. Targum, S. Byrnes and R. J. Wyatt, Biol. Psychiatry, 18 (1983) 1189.

. Bond and D. R. Howlett, Biochem. Med., 10 (1974) 219.

. Poland, R. T. Rubin, B. R. Clark and P. R. Gouin, Dis. Nerv. Syst., 33 (1972) 456.

. Soliman, M. H. Abdel-Hay, M. I. Sulaiman and O. S. Tayeb, Clin. Chim. Acta, 160 (1986) 319.

Ebmger Y. Michotte and P. Herregodts, J. Neurochem., 48 (1987) 1725.

15 A. T. B. Moir, G. W. Ashcroft, T. B. B. Crawford, D. Eccleston and H. C. Guldberg, Brain, 93 (1970)
357.

16 M. Stanley, L. Triskman-Bendz and K. Dorovini-Zis, Life Sci., 37 (1985) 1279.

D 00~ N BN e
mea-ut—';o<:'ﬂ'°07°:!:0
>xm2§0w:w

>m>m



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 197

17 S. R. Bareggi, M. Franceschi, L. Bonini, L. Zecca and S. Smirne, Arch. Neurol., 39 (1982) 709.

18 R. Rimon, B.-E. Roos, V. Rikkdldinen and Y. Alanen, J. Psychosom. Res., 15 (1971) 375.

19 K. L. Davis, M. Davidson, R. C. Mohs, K. S. Kendler, B. M. Davis, C. A. Johns, Y. De Negris and T.
B. Horvath, Science, 227 (1985) 1601.

20 J. W. Maas, S. E. Hattox, N. M. Greene and D. H. Landis, J. Neurochem., 34 (1980) 1547.

21 C. R. Lake, D. E. Sternberg, D. P. Van Kammen, J. C. Ballenger, M. G. Ziegler, R. M. Post, 1. J.
Kopin and W. E. Bunney, Science, 207 (1980) 331.

22 T. N. Chase, E. K. Gordon and L. K. Y. Ng, J. Neurochem., 21 (1973) 581.

23 A. Cymerman and R. F. Francesconi, Life Sci., 16 (1975) 225.

24 P. A. Blombery, 1. J. Kopin, E. K. Gordon, S. P. Markey and M. H. Ebert, Arch. Gen. Psychiatry, 37
(1980) 1095.

25 H. Beckmann, J. St.-Laurent and F. K. Goodwin, Psychopharmacologia, 42 (1975) 277.

26 A. Roy, D. C. Jimerson and D. Pickar, Am. J. Psychiatry, 143 (1986) 846.

27 J. W. Maas, S. E. Hattox, N. M. Greene and D. H. Landis, Science, 205 (1979) 1025.

28 D. S. Charney, G. R. Heninger, D. E. Sternberg and R. H. Roth, Psychiatry Res., 5 (1981) 217.

29 D. C. Jimerson, J. C. Ballenger, C. R. Lake, R. M. Post, F. K. Goodwin and 1. J. Kopin, Psychop-
harmacol. Bull., 17, No. 1 (1981) 86.

30 M. Linnoila, S. Guthrie, E. A. Lane, F. Karoum, M. Rudorfer and W. Z. Potter, Psychiatry Res.,, 17
(1986) 229.

31 N. D. Vlachakis, C. Lampano, N. Alexander and R. F. Maronde, Brain Res., 229 (1981) 67.

32 H. Agren, Psychiatry Res., 6 (1982) 185.

33 K. L. Davis, L. E. Hollister, A. A. Mathé, B. M. Davis, A. B. Rothpearl, K. F. Faull,J. Y. K. Hsieh, J.
D. Barchas and P. A. Berger, Am. J. Psychiatry, 138 (1981) 1555.

34 F.-A. Wiesel, B. Fyro, H. Nybick, G. Sedvall and B. Wode-Helgodt, Biol. Psychiatry, 17 (1982) 1403.

35 D. M. Shaw, R. O’Keeffe, D. A. MacSweeney, B. W. L. Brooksbank, R. Noguera and A. Coppen,
Psychol. Med., 3 (1973) 333.

36 F. Karege, J. M. Gaillard, P. Bovier, R. Tissot and D. Pringuey, Clin. Chem., 30 (1984) 1416.

37 D. R. Sweeney, J. F. Leckman, J. W. Maas, S. Hattox and G. R. Heninger, Arch. Gen. Psychiatry, 37
(1980) 1100.

38 A. C. Swann, J. W, Maas, S. E. Hattox and H. Landis, Life Sci., 27 (1980) 1857.

39 M. Sandler, C. R. J. Ruthven, B. L. Goodwin and A. Coppen, Clin. Chim. Acta, 93 (1979) 169.

40 M. Sandler, C. R. J. Ruthven, B. L. Goodwin, A. Lees and G. M. Stern, J. Neurol. Neurosurg.
Psychiatry, 45 (1982) 366.

41 R. W. Cowdry, M. H. Ebert, D. P. van Kammen, R. M. Post and F. K. Goodwin, Biol. Psychiatry, 18
(1983) 1287.

42 K. F. Faull, H. C. Kraemer, J. D. Barchas and P. A. Berger, Biol. Psychiatry, 16 (1981) 879.

43 J. M. P. Holly and H. L. J. Makin, Anal. Biochem., 128 (1983) 257.

44 B. A. Davis and D. A. Durden, in G. B. Baker and R. T. Coutts (Editors), Analysis of Biogenic
Amines, Part A: Evaluation of Analytical Melhods in Biological Systems, Elsevier, Amsterdam, 1982, p.
129; see also J. M. Baker and W. G. Dewhurst, p. 63; G. B. Baker, R. T. Coutts and D. F. LeGatt, p.
109; E. Gelpi, p. 151; I. L. Martin, p. 183; J. J. Warsh, A. S. Chiu and D. D. Godse, p. 203; and K. K.
Midha and J. W. Hubbard, p. 285.

45 D. S. Goldstein, G. Feuerstein, J. L. 1zzo, 1. J. Kopin and H. R. Keiser, Life Sci., 28 (1981) 467.

46 P. Hjemdahl, Acta Physiol. Scand., Suppl., 527 (1984) 43.

47 G. Eisenhofer, J. Chromatogr., 377 (1986) 328.

48 J. Feoli, C. Bijault and L. Dehennin, Clin. Chem., 34 (1988) 341.

49 R. P. Tracy, L. E. Wold, J. D. Jones and M. F. Burritt, Clin. Chem., 27 (1981) 160.

50 K. Oka, M. Sekiya, H. Osada, K. Fujita, T. Kato and T. Nagatsu, Clin. Chem., 28 (1982) 646.

51 S. Wilk and J. P. Green, J. Neurochem., 19 (1972) 2893.

52 D.C.Jimerson, E. K. Gordon, R. M. Post and F. K. Goodwin, Commun. Psychopharmacol., 2 (1978)
343.

53 G.J. Kirschberg, L. J. Cote, Y. H. Lowe and S. Ginsburg, J. Neurochem., 19 (1972) 2873.

54 B. Sjoquist and B. Johansson, J. Neurochem., 31 (1978) 621.

55 G. M. Anderson, M. B. Bowers, R. H. Roth, J. G. Young, C. C. Hrbek and D. J. Cohen, J. Chroma-
togr., 277 (1983) 282.

56 F. A. J. Muskiet, H. J. Jeuring, J. Korf, G. Sedvalit, B. H. C. Westerink, A. W. Teelken and B. G.
Wolthers, J. Neurochem., 32 (1979) 191.



198 B. A. DAVIS

57 S. Baba, M. Utoh, M. Horie and Y. Mori, J. Chromatogr., 307 (1984) 1.

58 N. Narasimhachari and R. O. Friedel, Clin. Chim. Acta, 110 (1981) 235.

59 F. Karoum, in S. Parvez, T. Nagatsu, I. Nagatsu and H. Parvez (Editors), Methods in Biogenic Amine

Research, Elsevier, Amsterdam, 1983, p. 237.

60 D. A. Durden, in A. A. Boulton, G. B. Baker and J. M. Baker (Editors), Neuromethods: Amines and
Their Metabolites, Vol.2, Humana Press, Clifton, NJ, 1985, p. 325.

61 K. F. Faull, Life Sci., 41 (1987) 889.

62 J.J. Warsh, D. D. Godse and P. P. Li, Methods Enzymol., 142 (1987) 571.

63 K. F. Faull and J. D. Barchas, Methods Biochem. Anal., 29 (1983) 325.

64 R. G. H. Downer and R. J. Martin, Life Sci., 41 (1987) 833.

65 I. N. Mefford, Life Sci., 41 (1987) 893.

66 M. A. Elchisak, Life Sci., 41 (1987) 913.

67 N. D. Huebert and A. A. Boulton, J. Chromatogr., 162 (1979) 169.

68 B. A. Davis and A. A. Boulton, J. Chromatogr., 222 (1981) 161.

69 M. Linnoila, F. Karoum, T. Miller and W. Z. Potter, Am. J. Psychiatry, 140 (1983) 1055.

70 L. E. Hollister, K. L. Davis, J. E. Overall and T. Anderson, Arch. Gen. Psychiatry, 35 (1978) 1410.

71 P. C. Waldmeier, K.-H. Antonin, J.-J. Feldtrauer, C. Grunenwald, E. Paul, J. Lauber and P. Bieck,
Eur. J. Clin. Pharmacol., 25 (1983) 361.

72 L. R. Baxter, R. C. Kelly, J. B. Peter, E. H. Liston and S. Touserkani, J. Psychiatr. Res., 22 (1988) 131.

73 E. Knoll, H. Wisser and H. M. Emrich, Clin. Chim. Acta, 89 (1978) 493.

74 H. Dekirmenjian and J. Maas, Clin. Chim. Acta, 52 (1974) 203.

75 J. F. Leckman, J. W. Maas, D. E. Redmond and G. R. Heninger, Life Sci., 26 (1980) 2179.

76 L.J. Siever, T. W. Uhde, D. C. Jimerson, C. R. Lake, 1. J. Kopin and D. L. Murphy, Psychiatry Res.,
19 (1986) 59.

77 M. Roberts and H. M. Adam, Br. J. Pharmacol., 5 (1950) 526.

78 R. G. Mitchell and C. F. Code, J. Appl. Physiol., 6 (1954) 387.

79 H. Dunér and B. Pernow, Scand. J. Clin. Lab. Invest., 8 (1956) 296.

80 O. Sjaastad, Scand. J. Clin. Lab. Invest., 18 (1966) 617.

81 G. N. Beall, Int. Arch. Allergy Appl. Immunol., 26 (1965) 1.

82 G. Myers, M. Donlon and M. Kaliner, J. Allergy Clin. Immunol., 67 (1981) 305.

83 D. H. Fram and J. D. Green, J. Biol. Chem., 240 (1965) 2036.

84 M. A. Beaven, S. Jacobsen and Z. Horakova, Clin. Chim. Acta, 37 (1972) 91.

85 C. Bruce, R. Weatherstone, A. Seaton and W. H. Taylor, Thorax, 31 (1976) 724.

86 Z. Horakova, H. R. Keiser and M. A. Beaven, Clin. Chim. Acta, 79 (1977) 447.

87 J. K. Khandeiwal, L. B. Hough and J. P. Green, Klin. Wochenschr., 60 (1982) 914.

88 Y. Tsuruta, K. Kohashi and Y. Ohkura, J. Chromatogr., 224 (1981) 105.

89 0. Suzuki and K. Yagi, Clin. Chim. Acta, 78 (1977) 401.

90 G. P. Reynolds and D. O. Gray, Clin. Chim. Acta, 70 (1976) 213.

91 J. W. Schweitzer, A. J. Friedhoff and R. Schwartz, Biol. Psychiatry, 10 (1975) 277.

92* K. Blau, I. M. Claxton, G. Ismahan and M. Sandler, J. Chromatogr., 163 (1979) 135.

93 M. Sandler, C. R. J. Ruthven, B. L. Goodwin, G. P. Reynolds, V. A. R. Rao and A. Coppen, Nature
( London), 278 (1979) 357.

94 R. T. Coutts, G. B. Baker, D. F. LeGatt, G. J. MclIntosh, G. Hopkinson and W. G. Dewhurst, Prog.
Neuro-Psychopharmacol., 5 (1981) 565.

95 J. M. Slingsby and A. A. Boulton, J. Chromatogr., 123 (1976) 51.

96 J. Harris, B. A. Davis, G. S. Krahenbuht and A. A. Boulton, in A. A. Boulton, L. Maitre, P. Bieck and
P. Reiderer (Editors), Neuropsychopharmacology of the Trace Amines, Humana Press, Clifton, NJ,
1985, p.395.

97 B. A. Davis, B. Dawson, A. A. Boulton, P. H. Yu and D. A. Durden, Headache, 27 (1987) 384.

98 H. Andersen and C. Braestrup, Scand. J. Clin. Lab. Invest., 37 (1977) 33.

99 F. Karoum, H. Nasrallah, S. Potkin, L. Chuang, J. Moyer-Schwing, 1. Phillips and R. J. Wyatt, J.
Neurochem., 33 (1979) 201.

100 S. G. Potkin, F. Karoum, L.-W. Chuang, H. E. Cannon-Spoor, 1. Phillips and R. J. Wyatt, Science,
206 (1979) 470.

101 D. V. Jeste, D. R. Doongaji, D. Panjwani, M. Datta, S. G. Potkin, F. Karoum, S. Thatte, A. S. Sheth,
J. S. Apte and R. J. Wyatt, Psychiatry Res., 3 (1980) 341.

102 F. Karoum, S. G. Potkin, D. L. Murphy and R. J. Wyatt, in A. D. Mosnaim and M. E. Wolf



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 199

103

104
105

106
107

108

109
110
111
112
113
114
115
116
117

118

119
120
121
122
123

124
125
126
127
128
129
130
131
132
133

134
135
136
137
138
139
140
141

142
143
144
145
146

(Editors), Noncatecholic Phenylethylamines, Part 2. Phenylethanolamine, Tyramines and Octopamine,
Marcel Dekker, New York, 1980, p.177.

F. Karoum, L.-W. Chuang, T. Eisler, D. S. Calne, M. R. Liebowitz, F. M. Quitkin, D. F. Klein and R.
J. Wyatt, Neurology, 32 (1982) 503.

O. Suzuki and H. Hattori, Biomed. Mass Spectrom., 10 (1983) 430.

S. Yoshimoto, H. Kaku, S. Shimogawa, A. Watanabe, M. Nakagawara and R. Takahashi, Psychiatry
Res., 21 (1987) 229.

R. J. Levine, P. Z. Nirenberg, S. Udenfriend and A. Sjoerdsma, Life Sci., 3 (1964) 651.

A. A. Boulton, in A. Barbeau and J. R. Brunette (Editors), Progress in Neurogenetics, Vol. | of the
Proceedings of the 2nd International Congress of Neurogenetics and Neuro-ophthalmology, Montréal,
September, 1967, Hooiberg, Epe, 1969, p.437 (Reprinted from Excerpta Medica International Con-
gress Series, No. 175).

M. B. H. Youdim, S. Bonham Carter, M. Sandler, E. Hanington and M. Wilkinson, Nature ( Lon-
don), 230 (1971) 127.

1. Smith, A. H. Kellow, P. E. Mullen and E. Hanington, Nature ( London), 230 (1971) 246.

I. Smith and A. H. Kellow, Clin. Chim. Acta, 40 (1972) 353.

1. Smith and A. H. Kellow, Nature ( London), 221 (1969) 1261.

A. Sjoerdsma, W. Lovenberg, J. A. Oates, J. R. Crout and S. Udenfriend, Science, 130 (1959) 225.
W. H. Vogel, C. D. Ahlberg, V. Di Carlo and M. K. Horwitt, Nature ( London), 216 (1967) 1038.
A. Roy, M. Linnoila, F. Karoum and D. Pickar, Biol. Psychiatry, 21 (1986) 221.

R. Rodnight, Biochem. J., 64 (1956) 621.

J. D. Arterberry and M. P. Conley, Clin. Chim. Acta, 17 (1967) 431.

J. L. Sullivan, C. E. Coffey, B. Basuk, J. O. Cavenar, A. A. Maltbie and W. W. K. Zung, Biol.
Psychiatry, 15 (1980) 113.

A. J. Prange, 1. C. Wilson, A. E. Knox, T. K. McClane, G. R. Breese, B. R. Martin, L. B. Alltop and
M. A. Lipton, J. Psychiatr. Res., 9 (1972) 187.

P. E. Garfinkel, J. J. Warsh and H. C. Stancer, Am. J. Psychiatry, 136 (1979) 535.

P. E. Garfinkel, J. J. Warsh, H. C. Stancer and D. D. Godse, Arch. Gen. Psychiatry, 34 (1977) 735.
J. E. Fisher and R. J. Baldessarini, Lancet, ii (1971) 75.

K.-C. Lam, A. R. Tall, G. B. Goldstein and S. P. Mistilis, Scand. J. Gastroenterol., 8 (1973) 465.
D. A. Durden, A. V. Juorio and B. A. Davis, in A. P. De Leenheer, R. R. Roncucci and C. Van
Peteghem (Editors), Quantitative Mass Spectromery in Life Sciences, II. Elsevier, Amsterdam, 1978,
p.389.

N. T. Karki, Acta Physiol. Scand., 39, Suppl. 132 (1956) 1.

R. L. Robinson and D. T. Watts, Clin Chem., 11 (1965) 986.

P. W. Hathaway, L. Jakoi, W. G. Troyer and M. D. Bogdonofi, Anal. Biochem., 20 (1967) 466.

V. Fiorica and R. Moses, Biochem. Med., 5 (1971) 483.

L. Peyrin and J. M. Cottet-Emard, Anal. Biochem., 56 (1973) 515.

M. M. Townshend and A. J. Smith, Clin. Sci., 44 (1973) 253.

A. F. De Schaepdryver and E. J. Moerman, Clin. Chim. Acta, 84 (1978) 321.

S. Subrahmanyam, Brain Res., 87 (1975) 355.

D. T. Watts and A. D. Bragg, J. Appl. Physiol., 9 (1956) 275.

J.-L. Cuche, O. Kuchel, A. Barbeau, Y. Langlois, R. Boucher and J. Genest, Circulation Res., 35
(1974) 281.

E. L. Arnett and D. T. Watts, J. Appl. Physiol., 15 (1960) 499.

V. De Quattro, D. Wybenga, W. Von Studnitz and S. Brunjes, J. Lab. Clin. Med., 63 (1964) 864.

J. K. Viktora, A. Baukal and F. W. Wolfl, 4Anal. Biochem., 23 (1968) 513.

S. Higa, T. Suzuki, A. Hayashi, I. Tsuge and Y. Yamamura, 4nal. Biochem., 77 (1977) 18.

Y. Dalmaz and L. Peyrin, J. Chromatogr., 145 (1978) 11.

N. Kiriike, T. Uete, K. Motomura, M. Enomoto and K. Murata, Biol. Psychiairy, 19 (1984) 417.
K. P. Wong, C. R. J. Ruthven and M. Sandler, Clin. Chim. Acta, 47 (1973) 215.

M. Frankenhaeuser, U. Lundberg, M. R. von Wright, J. von Wright and G. Sedvall, Pharmacol.
Biochem. Behav., 24 (1986) 1521.

M. Da Prada, Trends Pharmacol. Sci., 1 (1980) 157.

D. Kemali, M. Del Vecchio and M. Maj, Biol. Psychiatry, 17 (1982) 711.

R. C. Causon and M. E. Carruthers, J. Chromatogr., 229 (1982) 301.

M. A. Elchisak and J. H. Carlson, J. Chromatogr., 233 (1982) 79.

B. H. C. Westerink, F. J. Bosker and J. F. O’Hanlon, Clin. Chem., 28 (1982) 1745.



200

147
148
149
150
151
152

153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

171
172

173

174

175

176
177
178
179
180
181
182
183

184

185
186

187
188
189
190
191
192
193
194

B. A. DAVIS

D. S. Goldstein, J. Chromatogr., 275 (1983) 174.

L. Barbeito, A. Lista, R. Silveira and F. Dajas, Biol. Psychiatry, 19 (1984) 1419.

F. Dajas, A. Lista and L. Barbeito, Acta Psychiatr. Scand., 70 (1984) 432.

F. Dajas, A. Nin and L. Barbeito, J. Neural Transm., 65 (1986) 75.

C. Julien, C. Rodriguez, J. Sacquet, G. Cuisinard and J. Sassard, Clin. Chem., 34 (1988) 966.

H. Tsuchiya, M. Tatsumi, N. Takagi, T. Koike, H. Yamaguchi and T. Hayashi, Anal. Biochem., 155
(1986) 28.

F. Bischoff and A. Torres, J. Appl. Physiol., 14 (1959) 237.

T. Persson and B.-E. Roos, Brit. J. Psychiatry, 115 (1965) 95.

R. D. Hoeldtke and J. W. Sloan, J. Lab. Clin. Med., 75 (1970) 159.

H. Weil-Malherbe and J. M. Van Buren, J. Lab. Clin. Med., 74 (1969) 305.

F. S. Messiha, D. Agallianos and C. Clower, Nature ( London), 225 (1970) 868.

O. Kuchel, N. T. Buu, T. Unger, M. Lis and J. Genest, J. Clin. Endocrinol. Metab., 48 (1979) 425.
N. J. Christensen, C. J. Mathias and H. L. Frankel, Eur. J. Clin. Invest., 6 (1976) 403.

L. D. Mell and A. B. Gustafson, Clin. Chem., 23 (1977) 473.

G. M. Anderson, J. G. Young, P. I. Jatlow and D. J. Cohen, Clin. Chem., 27 (1981) 2060.

M. A. Elchisak nd J. H. Carlson, Life Sci., 30 (1982) 2325.

H. M. Van Praag, J. Korf, F. Van Woudenberg and T. P. Kits, Psychopharmacologia, 13 (1968) 145.
J. Korf and J. B. Sebens, Clin. Chim. Acta, 27 (1970) 149.

K. Yoshinaga, C. Itoh, N. Ishida, N. Sato and Y. Wada, Nature ( London), 191 (1961) 599.

K. Taniguchi, Y. Kakimoto and M. D. Amstrong, J. Lab. Clin. Med., 64 (1964) 469.

Z. Kahane and P. Vestergaard, J. Lab. Clin. Med., 70 (1967) 333.

L. B. Bigelow and H. Weil-Malherbe, Anal. Biochem., 26 (1968) 92.

F. De Leon-Jones, J. W. Maas, H. Dekirmenjian and J. Sanchez, Am. J. Psychiatry, 132 (1975) 1141.
S. H. Koslow, J. W. Maas, C. L. Bowden, J. M. Davis, I. Hanin and J. Javaid, Arch. Gen. Psychiatry,
40 (1983) 999.

L. M. Nelson, F. A. Bubb, P. M. Lax, M. W. Weg and M. Sandler, Clin. Chim. Acta, 92 (1979) 235.
D. Robertson, J. C. Frohlich, R. K. Carr, J. T. Watson, J. W. Hollifield, D. G. Shand and J. A. Oates,
N. Engl. J. Med., 298 (1978) 181.

D. Robertson, E. C. Heath, F. C. Falkner, R. E. Hill, G. M. Brilis and J. T. Watson, Biomed. Mass
Spectrom., 5 (1978) 704.

I. J. Kopin, R. J. Polinsky, J. A. Oliver, I. R. Oddershede and M. H. Ebert, J. Clin. Endocrinol.
Metab., 57 (1983) 632.

L. M. Bertani-Dziedzic, A. M. Krstulovic, S. W. Dziedzic, S. E. Gitlow and S. Cerqueira, Clin. Chim
Acta, 110 (1981) 1.

R. W. Lam, R. Artal and D. A. Fisher, Clin. Chem., 23 (1977) 1264.

H. Kiser and E. Thomke, Clin. Chim Acta, 27 (1970) 203.

Y. Dalmaz and L. Peyrin, J. Chromatogr., 116 (1976) 379.

A. Faurbye and K. Pind, Acta Psychiatr. Scand., 40 (1964) 240.

W. H. Vogel, C. D. Ahlberg and M. K. Horwitt, Int. J. Neuropsychiatry, 3 (1967) 292.

K. Hempel, H. Ullrich and G. Philippu, Biol. Psychiatry, 17 (1982) 49.

E. Knoll and H. Wisser, Clin. Chim Acta, 68 (1976) 327.

A.]. Friedhoff, S. Park, J. W. Schweitzer, E. I. Burdock and M. Armour, Biol. Psychiatry, 12 (1977)
643.

M. C. H. Oon, R. M. Murray, R. Rodnight, M. P. Murphy and J. L. T. Birley, Psychopharmacology,
54 (1977) 171.

M. Riisanen and J. Kidrkkdinen, J. Chromatogr., 162 (1979) 579.

W. T. Carpenter, E. B. Fink, N. Narasimhachari and H. E. Himwich, 4m. J. Psychiatry, 132 (1975)
1067.

D. C. Jimerson, H. J. Lynch, R. M. Post, R. J. Wurtman and W. E. Bunney, Life Sci., 20 (1977) 1501.
M. Tetsuo, S. P. Markey and L. J. Kopin, Life Sci., 27 (1980) 105.

S. Higa and S. P. Markey, Anal. Biochem., 144 (1985) 86.

C. J. Bojkowski, J. Arendt, M. C. Shih and S. P. Markey, Clin. Chem., 33 (1987) 1343.

Y. Arakawa, K. Imai and Z. Tamura, Anal. Biochem., 132 (1983) 389.

P. G. Swann and M.-A. Elchisak, J. Chromatogr., 381 (1986) 241.

A. Roy, D. Pickar, P. Douillet, F. Karoum and M. Linnoila, Psychol. Med., 16 (1986) 541.

T. Yamamoto, A. Yamatodani, M. Nishimura and H. Wada, J. Chromatogr., 342 (1985) 261.



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 201

195 E. R. B. Smith and H. Weil-Malherbe, J. Clin. Lab. Med., 60 (1962) 212.

196 M. Linnoila; F. Karoum and W. Z. Potter, Arch. Gen. Psychiatry, 39 (1982) 521.

197 H. Graham, J. A. D. Scarpellini, B. P. Hubka and O. H. Lowry, Biochem. Pharmacol., 17 (1968) 2271.

198 R. L. Miller, C. McCord, M. Sanda, H. R. Bourne and K. L. Melmon, J. Pharmacol. Exp. Ther., 175
(1970) 228.

199 L. Guilloux, D. Hartmann and G. Ville, Clin. Chim. Acta, 116 (1981) 269.

200 P. W. Ind, P. J. Barnes, M. J. Brown, R. Causon and C. T. Dollery, Clin. Allergy, 13 (1983) 61.

201 K. M. Verburg, R. R. Bowsher and D. P. Henry, Life Sci., 32 (1983) 2855.

202 M. J. Brown, P. W. Ind, P. J. Barnes, D. A. Jenner and C. T. Dollery, Anal. Biochem., 109 (1980) 142.

203 P. J. Barnes, P. W. Ind and M. J. Brown, Clin. Sci., 62 (1982) 661.

204 J. Dyer, K. Warren, S. Merlin, D. D. Metcalfe and M. Kaliner, J. Allergy Clin. Immunol., 70 (1982) 82.

205 Y. Tsuruta, K. Kohashi and Y. Ohkura, J. Chromatogr., 146 (1978) 490.

206 Y. Arakawa and S. Tachibana, Anal. Biochem., 158 (1986) 20.

207 L. G. Harsing, H. Nagashima, D. Duncalf, E. S. Vizi and P. L. Goldiner, Clin. Chem., 32 (1986) 1823.

208 H. Mita, H. Yasueda and T. Shida, J. Chromatogr., 221 (1980) 1.

209 J.J. Keyzer, B. G. Wolthers, F. A. J. Muskiet, H. Breukelman, H. F. Kauffman and K. de Vries, Anal.
Biochem., 139 (1984) 474.

210 J.J. Keyzer, B. G. Wolthers, F. A. J. Muskiet, H. F. Kauffman and A. Groen, Clin. Chim. Acta, 113
(1981) 165.

211 G. P. Reynolds, W.-D. Rausch and P. Riederer, Br. J. Clin. Pharmacol., 9 (1980) 521.

212 H. V. Szymanski, E. W. Naylor and F. Karoum, Biol. Psychiatry, 22 (1987) 194.

213 F. Rossi-Fanelli, C. Cangiano, A. Attili, M. Angelico, A. Cascino, L. Capocaccia, R. Strom and C.
Crifo, Clin. Chim. Acta, 67 (1976) 255.

214 G. Cohen and M. Goldenberg, J. Neurochem., 2 (1957) 71.

215 H. L. Price and M. L. Price, J. Lab. Clin. Med., 50 (1957) 769.

216 A. Goldfien, S. Zileli, D. Goodman and G. W. Thorn, J. Clin. Endocrinol. Metab., 21 (1961) 281.

217 J. C. Griffiths, F. Y. T. Leung and T. J. McDonald, Clin. Chim. Acta, 30 (1970) 395.

218 J. F. O’Hanlon, H. C. Campuzano and S. M. Horvath, Anal. Biochem., 34 (1970) 568.

219 E. W. Banister and J. Griffiths, J. Appl. Physiol., 33 (1972) 674.

220 J. S. Meyer, E. Stoica, 1. Pascu, K. Shimazu and A. Hartmann, Brain, 96 (1973) 277.

221 J. Chodakowska, K. Nazar, B. Wocial, M. Jarecki and B. Skorka, Clin. Sci. Mol. Med., 49 (1975) 511.

222 J. Haggendal, Acta Physiol. Scand., 59 (1963) 242.

223 V. Renzini, C. A. Brunori and C. Valori, Clin. Chim. Acta, 30 (1970) 587.

224 K. Engelman and B. Portnoy, Circ. Res., 26 (1970) 53.

225 P. E. Cryer, J. V. Santiago and S. Shah, J. Clin. Endocrinol. Metab., 39 (1974) 1025.

226 R. R. Michaels, M. J. Huber and D. S. McCann, Science, 192 (1976) 1242.

227 E. J. Moerman, M. G. Bogaert and A. F. de Schaepdryver, Clin. Chim. Acta, 72 (1976) 89.

228 R. Franco-Morselli, J. L. Elghozi, E. Joly, S. Di Giulio and P. Meyer, Br. Med. J., 2 (1977) 1251.

229 J. D. Peuler and G. A. Johnson, Life Sci., 21 (1977) 625.

230 M. J. Sole and M. N. Hussani, Biochem. Med., 18 (1977) 301.

231 J. Le Blan, J. Coté, M. Jobin and A. Labrie, J. Appl. Physiol., 47 (1979) 1207.

232 D. Robertson, G. A. Johnson, R. M. Robertson, A. S. Nies, D. G. Shand and J. A. Oates, Circulation,
59 (1979) 637.

233 M. S. Romoff, G. Keusch, V. M. Campese, M.-S. Wang, R. M. Friedler, P. Weidmann and S. G.
Massry, J. Clin. Endocrinol. Metab., 48 (1979) 26.

234 G. R. Van Loon, L. Schwartz and M. J. Sole, Life Sci., 24 (1979) 2273.

235 N. D. Viachakis, N. Alexander, M. T. Velasquez and R. F. Maronde, Biochem. Med., 22 (1979) 323.

236 G. A. Johnson, C. A. Baker and R. T. Smith, Life Sci., 26 (1980) 1591.

237 M. Stene, N. Panagiotis, M. L. Tuck, J. R. Sowers, D. Mayes and G. Berg, J. Clin. Endocrinol. Metab.,
51 (1980) 1340.

238 D. A. Joyce, L. J. Beilin, R. Vandongen and L. Davidson, Life Sci., 30 (1982) 447.

239 J. Claustre, P. Serusclat and L. Peyrin, J. Neural Transm., 56 (1983) 265.

240 J. W. Dunne, L. Davidson, R. Vandongen, L. J. Beilin and P. Rogers, Life Sci., 33 (1983) 1511.

241 P. C. Wang, N. T. Buu, O. Kuchel and J. Genest, J. Lab. Clin. Med., 101 (1983) 141.

242 S. Yoneda, N. Alexander and N. D. Vlachakis, Life Sci., 33 (1983) 935.

243 M. A. Raskind, E. R. Peskind, J. B. Halter and D. C. Jimerson, Arch. Gen. Psychiatry, 41 (1984) 343.

244 N. D. Vlachakis, E. Kogosov, S. Yoneda, N. Alexander and R. F. Maronde, Clin. Chim. Acta, 137
(1984) 199.



202

245

247
248
249

251
252
253
254

255

27

272
273
274
275

276
277
278
279
280
281

282
283
284
285

286
287

288
289
290
291

B. A. DAVIS

. L. Izzo, D. A. Thompson and D. Horwitz, Life Sci., 37 (1985) 1033.
. A. Gaffney, B. J. Fenton, L. D. Lane and C. R. Lake, Arch. Gen. Psychiatry, 45 (1988) 53.
. P. Henry, B. J. Starman, D. G. Johnson and R. H. Williams, Life Sci., 16 (1975) 375.
. R. Lake, M. G. Ziegler and 1. J. Kopin, Life Sci., 18 (1976) 1315.
. K. Weise and 1. J. Kopin, Life Sci., 19 (1976) 1673.

. G. Ziegler, C. R. Lake and L. J. Kopin, Nature (London), 261 (1976) 333.

. R. Lake, M. G. Ziegler, M. D. Coleman and 1. J. Kopin, N. Engl. J. Med., 296 (1977) 208.

. S. Sever, M. Birch, B. Osikowska and R. D. G. Tunbridge, Lancet, i (1977) 1078.

. H. Jones, C. A. Hamilton and J. L. Reid, Clin. Sci. Mol. Med., 55 (1978) 73s.

S. Castellani, M. G. Ziegler, D. P. Van Kammen, P. E. Alexander, S. G. Siris and C. R. Lake, Arch.
Gen. Psychiatry, 39 (1982) 1145.

L. J. Siever, T. W. Uhde, D. C. Jimerson, C. R. Lake, E. R. Silberman, R. M. Post and D. L. Murphy,
Am. J. Psychiatry, 141 (1984) 733.

C. Siggers, C. Salter and P. A. Toseland, Clin. Chim. Acta, 30 (1970) 373.

J. Christensen, Clin. Sci. Mol. Med., 45 (1973) 163.

J. Christensen, Diabetes, 23 (1974) 1.

-M. Thiede and W. Kehr, Naunyn Schmiedeberg’s Arch. Pharmacol., 318 (1981) 19.

a
V4

a
eV

D.
N.
N.
H.
T. S. Klaniecki, C. N. Corder, R. H. McDonald and J. A. Feldman, J. Lab. Clin. Med., 90 (1977) 604.
K. Uchikura, R. Horikawa, T. Tanimura and Y. Kabasawa, J. Chromatogr., 223 (1981) 41.
D. Ratge, W. Bauersfeld and H. Wisser, J. Neural Transm., 62 (1985) 267.

G. Bagdy, M. Arato, K. Baraczka and M. I. K. Fekete, Life Sci., 32 (1983) 2667.

L. B. Geffen, R. A. Rush, W. J. Louis and A. E. Doyle, Clin. Sci., 44 (1973) 617.

H. Hértnagl, C. R. Benedict, D. G. Grahame-Smith and B. McGrath, Br. J. Clin. Pharmacol., 4 (1977)
553.
1. J. Kopin, R. C. Lake and M. Ziegler, Ann. Intern. Med., 88 (1978) 671.

J. E. Dimsdale and J. Moss, J. Am. Med. Assoc., 243 (1980) 340.

R. D. S. Watson, C. A. Hamilton, D. H. Jones, J. L. Reid, T. J. Stallard and W. A. Littler, Clin. Sci.,
58 (1980) 37.

S. Demassieux, L. Corneille, S. Lachance and S. Carriere, Clin. Chim. Acta, 115 (1981) 377.

J. Montplaisir, J. de Champlain, S. N. Young, K. Missala, T. L. Sourkes, J. Walsh and G. Rémillard,
Neurology, 32 (1982) 1299.

L. Gullestad, L. Oystein Dolva, S. E. Kjeldsen, 1. Eide and J. Kjekshus, Scand. J. Clin. Lab. Invest., 47
(1987) 847.

E. Endert, Clin. Chim. Acta, 96 (1979) 233.

M.-T. Wang, K. Imai, M. Yoshioka and Z. Tamura, Clin. Chim. Acta, 63 (1975) 13.

J. D. Ehrhardt and J. Schwartz, Clin. Chim Acta, 88 (1978) 71.

J. 1. Yoshida, K. Yoshino, T. Matsunaga, S. Higa, T. Suzuki, A. Hayashi and Y. Yamamura, Biomed.
Mass Spectrom., 7 (1980) 396.

H. Hallman, L.-O. Farnebo, B. Hamberger and G. Jonsson, Life Sci., 23 (1978) 1049.

A. Yamatodani and H. Wada, Clin. Chem., 27 (1981) 1983.

M. Ackenheil, M. Fréhler, G. Goldig, G. Rall and D. Welter, Arzneim.-Forsch., 32 (1982) 893.

P. Hjemdahl, B. Sjéquist, M. Daleskog and K. Eliasson, Acta Physiol. Scand., 115 (1982) 507.

B. Bondy, M. Ackenheil, W. Birzle, R. Elbers and M. Frohler, Biol. Psychiatry, 19 (1984) 1377.
A.J. Rothschild, P. J. Langlais, A. F. Schatzberg, F. X. Walsh, J. O. Cole and E. D. Bird, J. Psychiatr.
Res., 18 (1984) 217.

L. G. Howes, S. Miller and J. L. Reid, J. Chromatogr., 338 (1985) 401.

T. Ishimitsu and S. Hirose, J. Chromatogr., 337 (1985) 239.

A. Roy, D. Pickar, M. Linnoila and W. Z. Potter, Arch. Gen. Psychiatry, 42 (1985) 1181.

M. V. Rudorfer, R. J. Ross, M. Linnoila, M. A. Sherer and W. Z. Potter, Arch. Gen. Psychiatry, 42
(1985) 1186.

C. R. Benedict, J. Chromatogr., 385 (1987) 369.

A. ]. Rothschild, A. F. Schatzberg, P. J. Langlais, J. E. Lerbinger, M. M. Miller and J. O. Cole,
Psychiatry Res., 20 (1987) 143.

A. Roy, S. Guthrie, D. Pickar and M. Linnoila, Psychiatry Res., 21 (1987) 161.

T. Halbriigge, T. Gerhardt, J. Ludwig, E. Heidbreder and K. H. Graefe, Life Sci., 43 (1988) 19.

Y. Imai, S. Ito, K. Maruta and K. Fujita, Clin. Chem., 34 (1988) 528.

Y. Yui, T. Fujita, T. Yamamoto, Y. Itokawa and C. Kawai, Clin. Chem., 26 (1980) 194.



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 203

292
293
294
295
296
297

298
299

300
301
302
303
304
305

306
307
308

309
310
311
312

313

314
315

316

317

318
319
320
321

322
323
324
325
326
327

328
329

330
331
332

333
334

M. Hamaji and T. Seki J. Chromotogr., 163 (1979) 329.

P. E. Cryer, M. W. Haymond, J. V. Santiago and S. D. Shah, N. Engl. J. Med., 295 (1976) 573.

M. Da Prada and G. Ziircher, Life Sci., 19 (1976) 1161.

T. Seki and M. Hamaji, J. Chromatogr., 162 (1979) 388.

N. J. Christensen, Scand. J. Clin. Lab. Invest., 31 (1973) 343.

M. M. Wilkes, A. Babaknia, J. D. Hoff, M. E. Quigley, P. F. Kraus and S. S. C. Yen, J. Ciin.
Endocrinol. Metab., 52 (1981) 608.

N. T. Buu and O. Kuchel, J. Lab. Clin. Med., 90 (1977) 680.

I. N. Mefford, M. M. Ward, L. Miles, B. Taylor, M. A. Chesney, D. L. Keegan and J. D. Barchas, Life
Sci., 28 (1981) 477.

I. Hindberg, Scand. J. Clin. Lab. Invest., 44 (1984) 47.

M. N. Hussain and C. R. Benedict, Biochem. Med. Metab. Biol., 37 (1987) 314.

F. Engbaek and B. Voldby, Clin. Chem., 28 (1982) 624.

F. Artigas, M. J. Sarrias, E. Martinez and E. Gelpi, Life Sci., 37 (1985) 441.

M. Picard, D. Olichon and J. Gombert, J. Chromatogr., 341 (1985) 445.

M. J. Sarrias, F. Artigas, E. Martinez, E. Gelpi, E. Alvarez, C. Udina and M. Casas, Biol. Psychiatry,
22 (1987) 1429.

F. Artigas, J. Ortiz, M. J. Sarrias, E. Martinez and E. Gelpi, Clin. Chem., 32 (1986) 1985.

G. M. Anderson, F. C. Feibel and D. J. Cohen, Life Sci., 40 (1987) 1063.

C. A. Palmerini, M. G. Cantelmi, A. Minelli, C. Fini, M. Zampino and A. Floridi, J. Chromatogr., 417
(1987) 378.

E. M. DeMet, A. E. Halaris and S. Bhatarakamol, Clin. Chim. Acta, 89 (1978) 285.

K. Kobayashi, V. De Quattro, R. Kolloch and L. Miano, Life Sci., 26 (1980) 567.

M.-T. Wang, M. Yoshioka, K. Imai and Z. Tamura, Clin. Chim. Acta, 63 (1975) 21.

R. W. Walker, H. S. Ahn, G. Albers-Schénberg, L. R. Mandel and W. J. A. VandenHeuvel, Biochem.
Med., 8 (1973) 105.

R.J. Wyatt, L. R. Mandel, H. S. Ahn, R. W. Walker and W. J. A. VandenHeuvel, Psychopharmacolo-
gia, 31 (1973) 265.

A. J. Lewy and S. P. Markey, Science, 201 (1978) 741.

J. A. Smith, D. Padwick, T. J. X. Mee, K. P. Minneman and E. D. Bird, Clin. Endocrinol., 6 (1977)
219.

H. J. Lynch, D. C. Jimerson, Y. Ozaki, R. M. Post, W. E. Bunney and R. J. Wurtman, Life Sci., 23
(1978) 1557.

J. Arendt, C. Bojkowski, C. Franey, J. Wright and V. Marks, J. Clin. Endocrinol. Metab., 60 (1985)
1166.

K. Demisch, L. Demisch, T. Nickelsen and R. Rieth, J. Neural Transm., 68 (1987) 257.

B. W. Wilson, W. Snedden, R. E. Silman, I. Smith and P. Mullen, Anal. Biochem., 81 (1977) 283.
S. Fraser, P. Cowen, M. Franklin, C. Franey and J. Arendt, Clin. Chem., 29 (1983) 396.

J.-L. Cuche, J. Prinseau, F. Selz, G. Ruget, J.-L. Tual, L. Reingeissen, M. Devoisin, A. Baglin, J.
Guédon and D. Fritel, Hypertension, 7 (1985) 81.

0. Kuchel, C. Hausser, N. T. Buu and S. Tenneson, J. Neural Transm., 62 (1985) 91.

L. A. Toth, M. C. Scott and M. A. Elchisak, Life Sci., 39 (1986) 519.

K. Imai, M.-T. Wang, S. Yoshiue and Z. Tamura, Clin. Chim. Acta, 43 (1973) 145.

C.-G. Swahn and G. Sedvall, J. Neurochem., 37 (1981) 461.

S. J. Dencker, J. Higgendal and U. Malm, Lancet, ii (1966) 754.

D. E. Sternberg, D. P. Van Kammen, C. R. Lake, J. C. Ballenger, S. R. Marder and W. E. Bunney,
Am. J. Psychiatry, 138 (1981) 1045.

U. C. R. Gomes, B. C. Shanley, L. Potgieter and J. T. Roux, Br. J. Psychiatry, 137 (1980) 346.

W. F. Gattaz, P. Riederer, G. P. Reynolds, D. Gattaz and H. Beckmann, Psychiatry Res., 8 (1983)
243.

W. H. Berrettini, L. R. Goldin, J. I. Nurnberger and E. S. Gershon, J. Psychiatr. Res., 18 (1984) 329.
T. Seppala, M. Scheinin, A. Capone and M. Linnoila, Acta Pharmacol. Toxicol., 55 (1984) 81.

W. H. Berrettini, J. I. Nurnberger, M. Scheinin, T. Seppala, M. Linnoila, W. Narrow, S. Simmons-
Alling and E. S. Gershon, Biol. Psychiatry, 20 (1985) 257.

D. L. Sparks and J. T. Slevin, Life Sci., 36 (1985) 449.

T. Saito, H. Ishizawa, F. Tsuchiya, H. Ozawa and N. Takahata, Jpn. J. Psychiatry Neurol., 40 (1986)
189.



204

335
336
337

338
339
340
341
342
343
344

345
346
347
348
349
350
351
352

353
354
355

356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
3811
382
383
384
385
386
387

B. A. DAVIS

M. Hiramatsu, N. Fujimoto and A. Mori, Neurochem. Res., 7 (1982) 1299.
W. F. Gattaz, T. Gasser and H. Beckmann, Biol. Psychiatry, 20 (1985) 360.
L. Volicer, P. J. Langlais, W. R. Matson, K. A. Mark and P. H. Gamache, Arch. Neurol., 42 (1985)
1158.

M. Linnoila, K. A. Jacobson, T. H. Marshall, T. L. Miller and K. L. Kirk, Life Sci., 38 (1986) 687.
E. Koyama, A. Minegishi and T. Ishizaki, Clin. Chem., 34 (1988) 680.
J. T. Martin, J. D. Barchas an K. F. Faull, Anal. Chem., 54 (1982) 1806.
O. Beck and K. F. Faull, Anal. Biochem., 149 (1985) 492.
J. Arendt, L. Wetterberg, T. Heyden, P. C. Sizonenko and L. Paunier, Hormone Res., 8 (1977) 65.
J. R. Smythies, R. D. Morin and G. B. Brown, Biol. Psychiatry, 14 (1979) 549.

R. W. Walker, L. K. Mandel, J. E. Kleinman, J. C. Gillin, R. J. Wyatt and W. J. A. VandenHeuvel, J.
Chromatogr., 162 (1979) 539.

M. Scheinin, T. Seppala, M. Koulu and M. Linnoila, Acta Pharmacol. Toxicol., 55 (1984) 88.

I. Imamura, K. Maeyama, H. Wada and T. Watanabe, Br. J. Pharmacol., 82 (1984) 701.

Y. Tsuruta, H. Tomida, K. Kohashi and Y. Ohkura, J. Chromatogr., 416 (1987) 63.

R. Tham. J. Chromatogr., 23 (1966) 207.
A. S. Kelvin, Br. J. Pharmacol., 38 (1970) 466P.

M. J. Turnbull and A. S. Kelvin, Br. Med. J., 3 (1971) 115.

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

F. Karoum, S. Potkin, L. W. Chuang, D. L. Murphy, M. R. Liebowitz and R. J. Wyatt, Biol.
Psychiatry, 19 (1984) 165.
J.A. Hoskins and R. J. Pollitt, J. Chromatogr., 109 (1975) 436.

E. F. Domino, B. N. Mathews and S. K. Tait, Biomed. Mass Spectrom., 6 (1979) 331.
J. M. Midgley, M. W. Couch, J. R. Crowley and C. M. Williams, Biomed. Mass Spectrom., 6 (1979)
485.

. A. Davis and A. A. Boulton, J. Chromatogr., 222 (1981) 271.

. J. Haverback, A. Sjoerdsma and L. L. Terry, N. Engl. J. Med., 255 (1956) 270.

. Feldstein, H. Hoagland and H. Freeman, Science, 128 (1958) 358.

. Feldstein, H. Hoagland and H. Freeman, J. Nerv. Ment. Dis., 129 (1959) 62.

. A. Benassi, P. Benassi, G. Allegri and P. Ballarin, J. Neurochem., 7 (1961) 264.

. L. Cazzullo, A. Mangoni and G. Mascherpa, Br. J. Psychiatry, 112 (1966) 157.

. Goldenberg, Clin. Chem., 9 (1973) 38.

. Yamaguchi and C. Hayashi, Clin. Chem., 24 (1978) 149.

. Shen and W. Zhang, Chin. Med. J., 92 (1979) 817.
. J. Kopin, Science, 129 (1959) 835.

. M. Van Praag and B. Leijnse, Psychopharmacologia, 4 (1963) 1.

. A. Curran, H. Hinterberger, J. W. Lance and A. D. Joffe, Brain, 88 (1965) 997.

. H. Brown, M. C. Rhindress and R. E. Griswold, Clin. Chem., 17 (1971) 92.

. Yoshida, T. Yamazaki and T. Sakai, Clin. Chim Acta, 77 (1977) 95.

. Fornstedt, Anal. Chem., 50 (1978) 1342.

. Fornstedt, J. Chromatogr., 181 (1980) 456.

. F. Davidson and J. Williamson, Clin. Chem., 34 (1988) 768.

. P. Garnier, B. Bousquet and C. Dreux, J. Chromatogr., 204 (1981) 225.

. L. Sato, J. Lab. Clin. Med., 66 (1965) 517.

. Geissbiihler, Clin. Chim. Acta, 26 (1969) 231.

. Kahane and P. Vestegaard, Clin. Chim. Acta, 35 (1971) 49.

. R. B. Smith and H. Weil-Malherbe, Clin. Chim Acta, 35 (1971) 505.

. S. Messiha, E. Bakutis and V. Frankos, Clin. Chim. Acta, 45 (1973) 159.
. R. J. Ruthven and M. Sandler, Biochem. J., 83 (1962) 30P.

. R. J. Ruthven and M. Sandler, Clin. Chim. Acta, 14 (1966) 511.

Sankoff and T. L. Sourkes, Can. J. Biochem. Physiol., 41 (1963) 1381.

. M. Williams, S. Maury and R. F. Kibler, J. Neurochem, 6 (1960) 254,
. S. Duke and H. B. Demopoulos, Clin. Chem., 4 (1968) 212.

. W. Stott, J. R. Lindsay Smith, P. Hanson and R. Robinson, Clin. Chim. Acta, 63 (1975) 7.
F. Karoum, C. O. Anah, C. R. J. Ruthven and M. Sandler, Clin. Chim. Acta, 24 (1969) 341.
M. S. Roginsky, R. D. Gordon and M. J. Bennett, Clin. Chim. Acta, 56 (1974) 261.
S. K. Wadman. D. Ketting and P. A. Voite, Clin. Chim. Acta, 72 (1976) 49.

>raO- OﬁﬂmNmH“UZZ>:U:~<<m00>>ww



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 205

388 J. Chauhan and A. Darbre, J. Chromatogr., 183 (1980) 391.

389 P. Mathieu, J. Greffe, P. Lemoine and M. Szestak, Clin. Chim. Acta, 139 (1984) 99.

390 A. Yoshida, M. Yoshika, T. Yamazaki, T. Sakai and Z. Tamura, Clin. Chim. Acta, 73 (1976) 315.

391 S. R. Binder and G. Sivorinovsky, J. Chromatogr., 336 (1984) 173.

392 C. N. Ong, B. L. Lee, H. Y. Ong and E. Jaecob, J. Chromatogr., 423 (1987) 278.

393 E. Comoy and C. Bohuon, Clin. Chim. Acta, 35 (1971) 369.

394 F. W. Sunderman Jr., P. D. Cleveland, N. C. Law and F. W. Sunderman, Am. J. Clin. Pathol., 34
(1960) 293.

395 W. Von Studnitz, Scand. J. Clin. Lab. Invest., 12, Suppl. 48 (1960) 1.

396 A.J. Woiwod and R. Knight, J. Clin. Pathol., 14 (1961) 502.

397 D. J. Mahler and F. L. Humoller, Clin. Chem., 8 (1962) 47.

398 T. J. Butler, Clin. Chem., 13 (1967) 488.

399 G. Gumboldt, Clin. Chem., 23 (1977) 1949.

400 A. Vahidi, H. R. Roberts, J. San Filippo and D. V. Siva Sankar, Clin. Chem., 17 (1971) 903.

401 M. Sandler and C. R. J. Ruthven, Lancet, ii (1959) 114.

402 M. Sandler and C. R. J. Ruthven, Biochem. J., 80 (1961) 78.

403 H. Miyake, H. Yoshida and R. Imaizumi, Jpn. J. Pharmacol., 12 (1962) 79.

404 J. E. Buttery and G. F. DeWitt, Clin. Chim. Acta, 44 (1973) 179.

405 J. F. Van de Calseyde, R. J. H. Scholtis, N. A. Schmidt and C. J. J. A. Leyton, Clin. Chim. Acta, 32
(1971) 361.

406 H. Dekirmenjian and J. W. Maas, Clin. Chim. Acta, 32 (1971) 310.

407 M. H. Joseph, H. F. Baker, E. C. Johnstone and T. J. Crow, Psychopharmacology, 51 (1976) 47.

408 T. Sato and V. De Quattro, J. Lab. Clin. Med., 74 (1969) 672.

409 P. Moleman and J. J. M. Borstrok, Clin. Chem., 29 (1983) 878.

410 K. Lindgren and N. Rodopoulos, Clin. Chem., 32 (1986} 693.

411 B. D. Drujan, N. Alvarez and J. M. Diaz-Borges, Anal. Biochem., 15 (1966) 8.

412 M. W. Weg, C. R. J. Ruthven, B. L. Goodwin and M. Sandler, Clin. Chim. Acta, 59 (1975) 249.

413 H. Weil-Malherbe, J. Lab. Clin. Med., 69 (1967) 1025.

414 J. A. Hoskins, R. J. Pollitt and S. Evans, J. Chromatogr., 145 (1978) 285.

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

416 H. C. Sabelli, J. Fawcett, F. Gusovsky, J. Javaid, J. Edwards and H. Jeffriess, Science, 220 (1983)
1187.

417 L. E. DeLisi, D. L. Murphy, F. Karoum, E. Mueller, S. Targum and R. J. Wyatt, Psychiatry Res., 13

1984) 193. )

—_—
[o ]

L
(
418 E. J. M. Pennings, J. C. M. Verhagen and G. M. J. Van Kempen, J. Chromatogr., 341 (1985) 172.
419 C.-G. Swahn, B. Sandgirde, F.-A. Wiesel and G. Sedvall, Psychopharmacology, 48 (1976) 147.

420 J. K. Khandelwal, L. B. Hough, B. Pazhenchevsky, A. M. Morrishow and J. P. Green, J. Biol. Chem.,
257 (1982) 12815.

421 C.-G. Swahn and G. Sedvall, J. Neurochem., 40 (1983) 688.

422 L. E. Fellows, G. S. King, B. R. Pettit, B. L. Goodwin, C. R. J. Ruthven and M. Sandler, Biomed.
Mass Spectrom., 5 (1978) 508.

423 M. Sandler, C. R. J. Ruthven, B. L. Goodwin, H. Field and R. Matthews, Lancet, ii (1978) 1269.

424 B. A. Davis, D. A. Durden and A. A. Boulton, J. Chromatogr., 230 (1982) 219.

425 B. A. Davis, P. H. Yu, K. Carlson, K. O’Sullivan and A. A. Boulton, Psychiatry Res., 6 (1982) 97.

426 A. A. Boulton, B. A. Davis, P. H. Yu, J. S. Wormith and D. Addington, Psychiatry Res., 8 (1983) 19.

427 P. H. Yu, R. C. Bowen, B. A. Davis and A. A. Boulton, Acta Psychiatr. Scand., 67 (1983) 188.

428 P. H. Yu, B. A. Davis, D. A. Durden, A. Gordon, C. Greene, D. M. Reid, D. Quinn, P. Matthews, C.
D’Arcy and A. A. Boulton, in A. A. Boulton, L. Maitre, P. R. Bieck and P. Reiderer (Editors),
Neuropsychopharmacology of the Trace Amines, Humana Press, Clifton, NJ, 1985, p.329.

429 M. J. Friedman, A. M. Krstulovic, H. Colin, G. Guiochon and K. Pajer, Anal. Biochem., 142 (1984)
480.

430 E. Martinez, F. Artigas, C. Sufiol, J. M. Tusell and E. Gelpi, Clin. Chem., 9 (1983) 1354.

431 H. Luthe, H. Ludwig-K6hn and U. Langenbeck, Biomed. Mass Spectrom., 10 (1983) 183.

432 B. A. Davis, D. A. Durden and A. A. Boulton, J. Chromatogr., 374 (1986) 227.

433 G. Alfredsson, F. A. Wiesel and A. Tyler, Biol. Psychiatry, 23 (1988) 689.

434 D. D. Koch and P. T. Kissinger, J. Chromatogr., 164 (1979) 441.

435 A. Minegishi and T. Ishizaki, J. Chromatogr., 308 (1984) 55.



206 B. A. DAVIS

436 S. Takahashi, M. Yoshioka, S. Yoshiue and Z. Tamura, J. Chromatogr., 145 (1978) 1.

437 D. Naber, D. Pickar, G. C. Davis, R. M. Cohen, D. C. Jimerson, M. A. Elchisak, E. G. Defraites, N.
H. Kalin, S. C. Risch and M. S. Buchsbaum, Psychopharmacology, 74 (1981) 125.

438 M. B. Bowers, M. E. Swigar and P. 1. Jatlow, N. Engl. J. Med., 308 (1983) 845.

439 D. H. Hunneman, Clin. Chim. Acta, 135 (1983) 169.

440 D. P. Devanand, M. B. Bowers, F. J. Hoffman and J. C. Nelson, Psychiatry Res., 15 (1985) 1.

441 A.P.J. M. De Jong, R. M. Kok, C. A. Cramers and S. K. Wadman, J. Chromatogr.. 382 (1986) 19.

442 M. B. Bowers and M. E. Swigar, Arch. Gen. Psychiatry, 44 (1987) 190.

443 M. Davidson and K. L. Davis, Arch. Gen. Psychiatry, 45 (1988) 561.

444 P. Q. Harris, N. G. Bacopoulos and S. J. Brown, J. Chromatogr., 309 (1984) 379.

445 D. Pickar, R. Labarca, M. Linnoila, A. Roy, D. Hommer, D. Everett and S. M. Paul, Science, 225
(1984) 954.

446 O. M. Wolkowitz, M. E. Sutton, A. R. Doran, R. Labarca, A. Roy, J. M. Thomas, D. Pickar and S.
M. Paul, Psychiatry Res., 16 (1985) 101.

447 G. A. Gerhardt, C. J. Drebing and R. Freedman, Anal. Chem., 58 (1986) 2879.

448 O.M. Wolkowitz, A. R. Doran, A. Breier, A. Roy, D. C. Jimerson, M. E. Sutton, R. N. Golden, S. M.
Paul and D. Pickar, Arch. Gen. Psychiatry, 44 (1987) 782.

449 S. Takahashi, D. D. Godse, J. J. Warsh and H. C. Stancer, Clin. Chim. Acta, 81 (1977) 183.

450 L. F. Major, D. L. Murphy, S. Lipper and E. Gordon, J. Neurochem., 32 (1979) 229.

451 S. T. Cavanaugh, J. D. Hughes and R. D. Hoeldtke, J. Chromatogr., 381 (1986) 13.

452 J. L. Izzo and D. Greulich, Life Sci., 33 (1983) 483.

453 G. Eisenhofer, D. S. Goldstein, R. Stull, H. R. Keiser, T. Sunderland, D. L. Murphy and 1. J. Kopin,
Clin. Chem., 32 (1986) 2030.

454 F. Karoum, L.-W. Chuang, A. D. Mosnaim, R. A. Staub and R. J. Wyatt, J. Chromatogr. Sci., 21
(1983) 546.

455 H. Beckmann, G. P. Reynolds, M. Sandler, P. Waldmeier, J. Lauber, P. Riederer and W. F. Gattaz,
Arch. Psychiatr. Nervenkr., 232 (1982) 463.

456 M. Kawabata, K. Kobayashi and T. Shohmori, Acta Med. Okayama, 40 (1986) 271.

457 F. Karoum, J. C. Gillin, R. J. Wyatt and E. Costa, Biomed. Mass Spectrom., 2 (1975) 183.

458 K. Kobayashi, Y. Koide and T. Shohmori, Clin. Chim. Acta, 123 (1982) 161.

459 S. N. Young, G. M. Anderson, S. Gauthier and W. C. Purdy, J. Neurochem., 34 (1980) 1087.

460 S. N. Young, S. Gauthier, G. M. Anderson and W. C. Purdy, J. Neurol. Neurosurg. Psychiatry, 43
(1980) 438.

461 G. M. Anderson, R. H. Gerner, D. J. Cohen and L. Fairbanks, Biol. Psychiatry, 19 (1984) 1427.

462 J. Jonsson and T. Lewander, Acta Physiol. Scand., 78 (1970) 43.

463 C. M. Banki and G. Molnar, Psychiatry Res., 5 (1981) 23.

464 H. Soininen, E. MacDonald, M. Rekonen and P. J. Riekkinen, Act Neurol. Scand., 64 (1981) 101.

465 C. M. Banki and M. Arato, Psychiatry Res., 10 (1983) 253.

466 J. J. Lopez-Ibor, J. Saiz-Ruiz and J. C. Perez de los Cobos, Neuropsychobiology, 14 (1985) 67.

467 G. Curzon, E. J. W. Gumpert and D. M. Sharpe, Nature New Biol., 231 (1971) 189.

468 R. B. Godwin-Austen, B. D. Kantamaneni and G. Curzon, J. Neurol. Neurosurg. Psychiatry, 34
(1971) 219.

469 J. D. Parkes, G. Curzon, P. J. Knott, R. Tattersall, R. C. H. Baxter, R. Knill-Jones, C. D. Marsden
and D. Vollum, Lancet, i (1971) 1083.

470 H. M. Van Praag and J. Korf, Psychopharmacologia, 19 (1971) 148.

471 H. M. Van Praag and J. Kortf, Biol. Psychiatry, 3 (1971) 105.

472 J. D. Parkes, C. D. Marsden, J. E. Rees, G. Curzon, B. D. Kantamaneni, R. Knill-Jones, A. Akbar, S.
Das and M. Kataria, Q. J. Med., 43 (1974) 49.

473 G. Curzon, B. D. Kantamaneni, P. Van Boxel, P. K. Gillman, J. R. Bartlett and P. K. Bridges, Acta
Psychiatr. Scand., Suppl., 280 (1980) 3.

474 G. W. Ashcroft and D. F. Sharman, Nature (London), 186 (1960) 1050.

475 R. Olsson and B.-E. Roos, Nature (London), 219 (1968) 502.

476 C. G. Gottfries, 1. Gottfries and B.-E. Roos, J. Neurochem., 16 (1969) 1341.

477 A.Coppen, V. A. Rama Rao, C. R. J. Ruthven, B. L. Goodwin and M. Sandler, Psychopharmacology,
64 (1979) 95.

478 H. M. Van Praag, J. Korf, L. C. W. Dols and T. Schut, Psychopharmacologia, 25 (1972) 14.

479 C. G. Gottfries and B.-E. Roos, Acta Psychiatr. Scand., 49 (1973) 257.



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 207

480 H. M. Van Praag and J. Korf, 4Arch. Gen. Psychiatry, 28 (1973) 827.

481 B. Bioulac, M. Benezech, B. Renaud, D. Roche and B. Noel, Neuropsychobiology, 4 (1978) 366.

482 M. C. Nair and B. S. S. Rama Rao, Indian J. Med. Res., 75 (1982) 274.

483 S.N. Young, S. Lal, T. L. Sourkes, F. Feldmuller, A. Aronoff and J. B. Martin, J. Neurol. Neurosurg.
Psychiatry, 38 (1975) 322.

484 F. A. Gerbode and M. B. Bowers, J. Neurochem., 15 (1968) 1053.

485 M. B. Bowers, G. R. Heninger and F. Gerbode, Int. J. Neuropharmacol., 8 (1969) 255.

486 1. A. Pullar, J. M. Weddell, R. Ahmed and F. J. Gillingham, J. Neurol. Neurosurg. Psychiatry, 33
(1970) 851.

487 R. Papeschi and D. J. McClure, Arch. Gen. Psychiatry, 25 (1971) 354.

488 M. B. Bowers, Neuropharmacology, 11 (1972) 101.

489 P. K. Kangasniemi, V. Sonninen and U. K. Rinne, Headache, 12 (1972) 62.

490 R. Papeschi, P. Molina-Negro, T. L. Sourkes and G. Erba, Neurology, 22 (1972) 1151.

491 U. K. Rinne and V. Sonninen, Neurology, 22 (1972) 62.

492 E. Garelis and T. L. Sourkes, J. Neurol. Neurosurg. Psychiatry, 36 (1973) 625.

493 F. K. Goodwin, R. M. Post, D. L. Dunner and E. K. Gordon, 4m. J. Psychiatry, 130 (1973) 73.

494 E. K. Gordon, J. Oliver, F. K. Goodwin, T. N. Chase and R. M. Post, Neuropharmacology, 12 (1973)
391.

495 U. K. Rinne, V. Sonninen and T. Stirtola, Eur. Neurol., 9 (1973) 349.

496 C. M. Banki, J. Neurochem., 28 (1977) 255.

497 D. L. W. Davidson, C. M. Yates, C. Mawdsley, I. A. Pullar and H. Wilson, J. Neurol. Neurosurg.
Psychiatry, 40 (1977) 1136.

498 P. Vestergaard, T. Sorensen, E. Hoppe, O. P. Rafaelsen, C. M. Yates and N. Nicolaou, Acta Psy-
chiatr. Scand., 58 (1978) 88.

499 H. M. Van Praag and J. Korf, Psychopharmacologia, 19 (1971) 199.

500 E. K. Gordon and J. Oliver, Clin. Chim. Acta, 35 (1971) 145.

501 R. Sjostrom, J. Ekstedt and E. Anggard, J. Neurol. Neurosurg. Psychiatry, 38 (1975) 666.

502 K. F. Faull, P. J. Anderson, J. D. Barchas and P. A. Berger, J. Chromatogr., 163 (1979) 337.

503 P. A. Berger, K. F. Faull, J. Kilkowski, P. J. Anderson, H. Kraemer, K. L. Davis and J. D. Barchas,
Am. J. Psychiatry, 137 (1980) 174.

504 O. Andersen, B. B. Johansson and L. Svennerhollm, Acta Neurol. Scand., 63 (1981) 247.

505 L. Oreland, A. Wiberg, M. Asberg, L. Traskman, L. Sjéstrand, P. Thorén, L. Bertilsson and G.
Tybring, Psychiatry Res., 4 (1981) 21.

506 L. Triskman, M. Asberg, L. Bertilsson and L. Sj6strand, Arch. Gen. Psychiatry, 38 (1981) 631.

507 P. L. Wood, P. Etienne, S. Lal, S. Gauthier, S. Cajal and N. P. V. Nair, Life Sci., 31 (1982) 2073.

508 H. Nybick, B.-M. Berggren, T. Hindmarsh, G. Sedvall and F.-A. Wiesel, Psychiatry Res., 9 (1983)
301.

509 A. C. Swann, S. Secunda, J. M. Davis, E. Robins, 1. Hanin, S. H. Koslow and J. W. Maas, Am. J.
Psychiatry, 140 (1983) 396.

510 M. Asbcrg, L. Bertilsson, B. Martensson, G.-P. Scalia-Tomba, P. Thoren and L. Triskman-Bendz,
Acta Psychiatr. Scand., 69 (1984) 201.

51t F. W. Reimherr, P. H. Wender, M. H. Ebert and D. R. Wood, Psychiatry Res., 11 (1984) 71.

512 L. H. Lindstrom, Psychiatry Res., 14 (1985) 265.

513 S. M. Stahl, K. F. Faull, J. D. Barchas and P. A. Berger, Arch. Neurol., 42 (1985) 166.

514 B.-M. Emanuelsson, E. Widerlév, H. Walléus and L. K. Paalzow, Psychopharmacology, 92 (1987) 144,

515 W. F. Gattaz, P. Waldmeier and H. Beckmann, Acta Psychiatr. Scand., 66 (1982) 350.

516 M. Van Bockstacle, L. Dillen, M. Claeys and W. P. Potter, J. Chromatogr., 275 (1983) 11.

517 T. Bottiglieri, C. K. Lim and T. J. Peters, J. Chromatogr., 311 (1984) 354.

518 R. H. Gerner, L. Fairbanks, G. M. Anderson, J. G. Young, M. Scheinin, M. Linnoila, T. A. Hare, B.
A. Shaywitz and D. J. Cohen, Am. J. Psychiatry, 141 (1984) 1533.

519 C. G. Honegger, R. Burri, H. Langemann and A. Kempf, J. Chromatogr., 309 (1984) 53.

520 M. A. Javors, C. L. Bowden and J. W. Maas, J. Chromatogr., 336 (1984) 259.

521 A. D. Kay, S. Milstien, S. Kaufman, S. I. Rapoport and N. R. Cutler, Neurology, 34, Suppl. 1 (1984)
161.

522 A. M. Palmer, N. R. Sims, D. M. Bowen, D. Neary, J. Palo, J. Wikstrom and A. N. Davison, J.
Neurol. Neurosurg. Psychiatry, 47 (1984) 481.

523 L. Volicer, L. K. Direnfeld, M. Freedman, M. L. Albert, P. J. Langlais and E. D. Bird, Arch. Neurol.,
42 (1985) 127.



208

524

525
526

527
528

529
530
531
532
533
534

535
536
537
538
539

541
542
543

545
546
547
548

549
550

551
552
553
554
555

556
557
558
559
560
561
562
563
564
565

566
567
568
569

570

B. A. DAVIS

S. K. Guthrie, W. Berrettini, D. R. Rubinow, J. I. Nurnberger, J. J. Bartko and M. Linnoila, Acta
Psychiatr. Scand., 73 (1986) 315.

B. G. L. Almay, J. Hiaggendal, L. von Knorring and L. Oreland, Biol. Psychiatry, 22 (1987) 403.
T. Sunderland, P. N. Tariot, R. M. Cohen, P. A. Newhouse, A. M. Mellow and E. A. Mueller,
Psychopharmacology, 91 (1987) 293.

B. Renaud, P. Quenin and C. Quincy, Clin. Chim. Acta, 52 (1974) 179.

K. Kasa, S. Otsuki, M. Yamamoto, M. Sato, H. Kuroda and N. Ogawa, Biol. Psychiatry, 17 (1982)
877.

E. Jéquier and J. J. Dufresne, Neurology, 22 (1972) 15.

B. Johansson and B.-E. Roos, Acta Neurol. Scand., 52 (1975) 137.

C. M. Banki, G. Molnar and 1. Fekete, Arch. Psychiatr. Nervenkr., 229 (1981) 345,

U. K. Rinne and V. Sonninen, Scand. J. Clin. Lab. Invest., 21, Suppl. 101 (1968) 22.

T. N. Chase, Neurology, 20, Part 2 (1970) 36.

C. G. Gottfries, 1. Gottfries, B. Johansson, R. Olsson, T. Person, B.-E. Roos and R. Sjéstrom,
Neuropharmacology, 10 (1971) 665.

T. N. Chase and L. K. Y. Ng, Arch. Neurol., 27 (1972) 486.

R. M. Post, J. Kotin, F. K. Goodwin and E. K. Gordon, Am. J. Psychiatry, 130 (1973) 67.

B. Sjoquist, B. Lindstrom and E. Anggérd, Life Sci., 13 (1973) 1655.

E. K. Gordon, J. Oliver and 1. J. Kopin, Life Sci., 16 (1975) 1527.

N. Narasimhachari, K. Leiner and C. Brown, Clin. Chim. Acta, 62 (1975) 245.

E. K. Gordon, S. P. Markey, R. L. Sherman and 1. L. Kopin, Life Sci., 18 (1976) 1285.

D. C. Jimerson, E. K. Gordon, R. M. Post and F. K. Goodwin, Brain Res., 99 (1975) 434.

D. J. Edwards, M. Rizk and J. Neil, J. Chromatogr., 164 (1979) 407.

L. B. Bigelow, S. Neal and H. Weil-Malherbe, J. Lab. Clin. Med., 77 (1971) 677.

L. Peyrin and J. M. Pequignot, Psychopharmacology, 79 (1983) 16.

H. Dekirmenjian and J. W. Maas, Anal. Biochem, 35 (1970) 113.

F. Karoum, H. Lefévre, L. B. Bigelow and E. Costa, Clin. Chim. Acta, 43 (1973) 127.

S. Murray, T. A. Baillie and D. S. Davies, J. Chromatogr., 143 (1977) 541.

G. Santagostino, P. Frattini, S. Schinelli, M. L. Cucchi and G. L. Corona, J. Chromatogr., 233 (1982)
89.

T. Dennis and B. Scatton, J. Neurosci. Methods, 6 (1982) 369.

M. Davidson, A. B. Giordani, R. C. Mohs, V. V. Mykytyn, S. Platt, Z. S. Aryan and K. L. Davis,
Psychiatry Res., 20 (1987) 307.

D. Zhou, Y. Shen, L. Shu and H. Lo, Biol. Psychiatry, 22 (1987) 883.

C. R. J. Ruthven and M. Sandler, Clin. Chim. Acta, 12 (1965) 318.

N. L. Nicholas, H. Brown and A. M. Swander, Clin. Chem., 15 (1969) 884.

F. T. Antun, 1. A. Pullar, D. Eccleston and D. F. Sharman, Clin. Chim. Acta, 34 (1971) 387.

L. Peyrin, J. M. Pequignot, G. Chauplannaz, B. Laurent and G. Aimard, J. Neural Transm., 63 (1985)
255.

S. Wilk, S. E. Gitlow, D. D. Clarke and D. H. Paley, Clin. Chim. Acta, 16 (1967) 403.

J. W. Maas, J. Fawcett and H. Dekirmenjian, Arch. Gen. Psychiatry, 19 (1968) 129.

F. Karoum, C. R. J. Ruthven and M. Sandler, Biochem. Med., 5 (1971) 505.

P. A. Bond, Biochem. Med., 6 (1972) 36.

J. Fawcett, J. W. Maas and H. Dekirmenjian, Arch. Gen. Psychiatry, 26 (1972) 246.

B. R. Martin, M. C. Timmons and A. J. Prange, Clin. Chim. Acta, 38 (1972) 271.

J. W. Maas, Arch. Gen. Psychiatry, 32 (1975) 1357.

N. S. Sharpless, Res. Commun. Chem. Pathol. Pharmacol., 18 (1977) 257.

D. Pickar, D. R. Sweeney, J. W. Maas and G. R. Heninger, Arch. Gen. Psychiatry, 35 (1978) 1378.
S. L. Taube, L. S. Kirstein, D. R. Sweeney, G. R. Heninger and J. W. Maas, Am. J. Psychiatry, 135
(1978) 78.

H. Beckmann and F. K. Goodwin, Neuropsychobiology, 6 (1980) 91.

G. Muscettola, W. Z.. Potter, E. K. Gordon and F. K. Goodwin, Psychiatry Res., 4 (1981) 267.

A. F. Schatzberg, P. J. Orsulak, A. H. Rosenbaum, T. Maruta, E. R. Kruger, J. O. Cole and J. J.
Schildkraut, Am. J. Psychiatry, 139 (1982) 471.

C. L. Hamlin, R. B. Lydiard, D. Martin, C. A. Dackis, A. C. Pottash, D. Sweeney and M. S. Gold,
Lancet, it (1983) 740.

H. Petursson, P. A. Bond, B. Smith and M. H. Lader, Biol. Psychiatry, 18 (1983) 207.



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 209

571

572
573
574

575

576
577
578
5719

580
581
582
583
584
585

586
587

588

589
590
591
592

593
594
595
596
597

605
606
607

608

609
610
611
612
613

A. H. Rosenbaum, T. Maruta, A. F. Schatzberg, P. J. Orsulak, N.-S. Jiang, J. O. Cole and J. J.
Schildkraut, Am. J. Psychiatry, 140 (1983) 314.

G. Muscettola, W. Z. Potter, D. Pickar and F. K. Goodwin, Arch. Gen. Psychiatry, 41 (1984) 337.

E. M. De Met, A. E. Halaris, H. E. Gwirtsman and R. M. Reno, Life Sci., 37 (1985) 1731.

G. B. Baker, R. T. Coutts, R. A. Bornstein, W. G. Dewhurst, A. B. Douglass and R. N. MacDonald,
Res. Commun. Chem. Pathol. Pharmacol., 54 (1986) 141.

A. M. Krstulovic, C. T. Matzura, L. Bertani-Dziedzic, S. Cerqueira and S. E. Gitlow, Clin. Chim.
Acta, 103 (1980) 109.

R. Alonso, C. J. Gibson and J. McGill, Life Sci., 29 (1981) 1689.

P. A. Shea and J. B. Howell, J. Chromatogr., 306 (1984) 358.

K. Abe and R. Konaka, Clin. Chem., 34 (1988) 87.

F. A. J. Muskiet, D. C. Fremouw-Ottevangers, G. T. Nagel, B. G. Wolthers and J. A. de Vries, Clin.
Chem., 24 (1978) 2001.

A. E. Halaris, E. M. De Met and M. E. Halaris, Clin. Chim. Acta, 78 (1977) 285.

F. Karoum, J. Moyer-Schwing, S. G. Potkin and R. J. Wyatt, Brain Res., 125 (1977) 333.

L. E. Hollister, K. L. Davis and P. A. Berger, Arch. Gen. Psychiatry, 37 (1980) 1107.

F. A. J. Muskiet, G. T. Nagel and B. G. Wolthers, Anal. Biochem., 109 (1930) 130.

D. C. Jimerson, S. P. Markey, J. A. Oliver and 1. J. Kopin, Biomed. Mass Spectrom., 8 (1981) 256.
D. C. Jimerson, J. I. Nurnberger, R. M. Post, E. S. Gershon and 1. J. Kopin, Arch. Gen. Psychiatry, 38
(1981) 1287.

J. F. Leckman, J. W. Maas and G. R. Heninger, Eur. J. Pharmacol, 70 (1981) 111.

D.S. Charney, G. R. Heninger, D. E. Sternberg, K. M. Hafstad, S. Giddings and D. H. Landis, Arch.
Gen. Psychiatry, 39 (1982) 290.

D. E. Sternberg, D. S. Charney, G. R. Heninger, J. F. Leckman, K. M. Hafstad and D. H. Landis,
Arch. Gen. Psychiatry, 39 (1982) 285.

J. D. Elsworth, R. H. Roth and D. E. Redmond, J. Neurochem., 41 (1983) 786.

D. S. Charney, M. P. Galloway and G. R. Heninger, Life Sci., 35 (1984) 135.

D. S. Charney, G. R. Heninger and A. Breier, Arch. Gen. Psychiatry, 41 (1984) 751.

R. Pohl, E. Ettedgui, M. Bridges, H. Lycaki, D. Jimerson, I. Kopin and J. M. Rainey, Biol. Psychiatry,
22 (1987) 1127.

T. W. Uhde, R. T. Joffe, D. C. Jimerson and R. M. Post, Biol. Psychiatry, 23 (1988) 575.

H. Ong, F. Capet-Antonini, N. Yamaguchi and D. Lamontagne, J. Chromatogr., 233 (1982) 97.

A. Minegishi and T. Ishizaki, J. Chromatogr., 311 (1984) 51.

S. G. Molyneux and M. Franklin, J. Chromatogr., 341 (1985) 160.

S. Schinelli, G. Santagostino, P. Frattini, M. L. Cucchi and G. L. Corona, J. Chromatogr., 338 (1985)
396.

M. J. Huber-Smith, R. Nesse, M. Mazhar and D. S. McCann, J. Chromatogr., 377 (1986) 91.

M. J. Edlund, A. C. Swann and C. M. Davis, Biol. Psychiatry, 22 (1987) 1491.

V. Rizzo and G. V. Melzi d’Eril, Clin. Chem., 33 (1987) 844.

H. Echizen, R. Itoh and T. Ishizaki, J. Chromatogr., 426 (1988) 351.

C. A. Baker and G. A. Johnson, Life Sci., 29 (1981) 165.

B. Scatton, H. Loo, T. Dennis, C. Benkelfat, C. Gay and M.-F. Poirier-Littre, Psychopharmacology,
88 (1986) 220.

D. S. Goldstein, G. Eisenhofer, R. Stull, C. J. Folio, H. R. Keiser and 1. J. Kopin, J. Clin. Invest., 81
(1988) 213.

B. Sjoquist, B. Lindstrom and E. Anggard, J. Chromatogr., 105 (1975) 309.

N. S. Sharpless, U. Halbreich and H. Feldfogel, J. Chromatogr., 377 (1986) 101.

U. Halbreich, N. Sharpless, G. M. Asnis, J. Endicott, S. Goldstein, J. Vital-Herne, J. Eisenberg, K.
Zander, B.-J. Kang, R. Shindledecker and C.-M. Yeh, Arch. Gen. Psychiatry, 44 (1987) 804.

R. K. Saran, R. C. Sahuja, N. N. Gupta, M. Hasan, K. P. Bhargava, K. Shanker and K. Kishor,
Science, 200 (1978) 317.

S. Wilk, K. L. Davis and S. B. Thacker, Anal. Biochem., 39 (1971) 498.

R. O’Keeffe and B. W. L. Brooksbank, Clin. Chem., 19 (1973) 1031.

R. M. Post, E. K. Gordon, F. K. Goodwin and W. E. Bunney, Science, 179 (1973) 1002.

B. Shopsin, S. Wilk, S. Gershon, K. Davis and M. Suhl, Arch. Gen. Psychiatry, 28 (1973) 230.

A. M. Krstulovic, L. Bertani-Dziedzic, S. W. Dziedzic and S. E. Gitlow, J. Chromatogr., 223 (1981)
30S.



210

614

615
616

617
618
619
620
621
622
623
624
625
626

627
628

629
630
631
632
633
634
635
636
637
638
639
640
641
642

643
644

645

646

647

648

649

650

B. A. DAVIS

P. Frattini, G. Santagostino, M. L. Cucchi, G. L. Corona and S. Schinelli, Clin. Chim. Acta, 125
(1982) 97.

S. Takahashi, D. D. Godse, A. Naqvi, J. J. Warsh and H. C. Stancer, Clin. Chim. Acta, 84 (1978) 55.
H. Agren, in J. Angst (Editor), The Origins of Depression: Current Concepts and Approaches, Springer,
Berlin, 1983, p.297.

R. M. Post, J. C. Ballenger and F. K. Goodwin, in J. M. Wood (Editor), Neurobiology of Cere-
brospinal Fluid, Vol. 1, Plenum Press, New York, 1980, p. 685.

F. K. Goodwin and W. Z. Potter, in J. Barchas, 1. J. Kopin and E. Usdin (Editors), Catecholamines:
Basic and Clinical Frontiers, Pergamon Press, New York, 1979, p. 1863.

R. W. Cowdry and F. K. Goodwin, in R. L. Spitzer and D. F. Klein (Editors), Clinical Issues in
Psychiatric Diagnosis, Raven Press, New York, 1978, p. 281.

M. Asberg and L. Triskman, Adv. Exp. Med. Biol., 133 (1981) 739.

H. M. Van Praag, Lancet, ii (1982) 1259.

D. L. Garver and J. M. Davis, Life Sci., 24 (1979) 383.

P. Willner, Brain Res. Rev., 6 (1983) 211.

M. E. Wolf and A. D. Mosnaim, Gen. Pharmacol., 14 (1983) 385.

G. P. Reynolds, Trends Neurosci., 2 (1979) 265.

G. W. Ashcroft, T. B. B. Crawford, D. Eccleston, D. F. Sharman, E. J. MacDougall, J. B. Stanton and
J. K. Binns, Lancet, ii (1966) 1049.

A. Coppen, A. J. Prange, P. C. Whybrow and R. Noguera, Arch. Gen. Psychiatry, 26 (1972) 474.
P. K. Bridges, J. R. Bartlett, P. Sepping, B. D. Kantamaneni and G. Curzon, Psychol. Med., 6 (1976)
399.

F. Gonzalez-Sastre, J. Mora, R. Guillamat, J. M. Queralto, E. Alvarez, C. Udina and J. Massana,
Acta Psychiatr. Scand., 78 (1988) 208.

M. B. Bowers, Psychopharmacologia, 23 (1972) 26.

R. M. Post and F. K. Goodwin, Arch. Gen. Psychiatry, 30 (1974) 234,

C. M. Banki and G. Molnar, Biol. Psychiatry, 16 (1981) 753.

D. E. Redmond, M. M. Katz, J. W. Maas, A. Swann, R. Casper and J. M. Davis, Arch. Gen.
Psychiatry, 43 (1986) 938.

N. J. Christensen, P. Vestergaard, T. Sorensen and O. J. Raphaelsen, Acta Psychiatr. Scand., 61 (1980)
178.

M. R. Liebowitz, F. Karoum, F. M. Quitkin, S. O. Davies, D. Schwartz, M. Levitt and M. Linnoila,
Biol. Psychiatry, 20 (1985) 558.

G. L. Brown, J. C. Ballanger, M. D. Minichiello and F. K. Goodwin, in M. Sandler (Editor), Psycho-
pharmacology of Aggression, Raven Press, New York, 1979, p. 131.

J. J. Schildraut, P. J. Orsulak, A. F. Schatzberg, J. E. Gudeman, J. O. Cole, W. A. Rohde and R. A.
LaBrie, Arch. Gen. Psychiatry, 35 (1978) 1427.

M. Linnoila, F. Karoum and W. Z. Potter, Biol. Psychiatry, 17 (1982) 1031.

M. Linnoila, F. Karoum and W. Z. Potter, Arch. Gen. Psychiatry, 39 (1982) 513.

A. Coppen, D. M. Shaw, A. Malleson, E. Eccleston and G. Gundy, Br. J. Psychiatry, 111 (1965) 993.
R. Strém-Olsen and H. Weil-Malherbe, J. Ment. Sci., 104 (1958) 696.

R. Takahashi, Y. Nagao, K. Tsuchiya, M. Takamizawa, T. Kobayashi, M. Toru, K. Kobayashi and
T. Kariya, J. Psychiatr. Res., 6 (1968) 185.

W. E. Bunney, D. L. Murphy, F. K. Goodwin and G. F. Borge, Lancet, i (1970) 1022.

K. Greenspan, J. J. Schildkraut, E. K. Gordon, L. Baer, M. S. Aronoff and J. Durell, J. Psychiatr.
Res., 7 (1970) 171.

W. E. Bunney, F. K. Goodwin, D. L. Murphy, K. M. House and E. K. Gordon, Arch. Gen. Psychia-
try, 27 (1972) 304.

D. L. Murphy, E. Brand, T. Goldman, M. Baker, C. Wright, D. Van Kammen and E. Gordon, J.
Nerv. Men:. Dis., 164 (1977) 129.

R. M. Post, F. J. Stoddard, J. C. Gillin, M. S. Buchsbaum, D. C. Runkle, K. E. Black and W. E.
Bunney, Arch. Gen. Psychiatry, 34 (1977) 470.

M. Linnoila, F. Karoum, H. M. Calil, I. J. Kopin and W. Z. Potter, Arch. Gen. Psychiatry, 39 (1982)
1025.

J. W. Maas, S. H. Koslow, M. M. Katz, C. L. Bowden, R. L. Gibbons, P. E. Stokes, E. Robins and J.
M. Davis, Am. J. Psychiatry, 141 (1984) 1159.

C. L. Bowden, S. Koslow, J. W. Maas, J. M. Davis, D. L. Garver and 1. Hanin, J. Psychiatr. Res., 21
(1987 111.



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 21

651

652

653

654
655
656

657

658
659

660

661

662

663
664
665
666
667

668
669

670
671
672
673
674

675
676
677
678
679

689

681
682
683
684
685
686

687
688

689

690

J. J. Mooney, A. F. Schatzberg, J. O. Cole, P. P. Kizuka, M. Salomon, J. Lerbinger, K. M. Pappalar-
do, B. Gerson and J. J. Schildkraut, Biol. Psychiatry, 23 (1988) 543.

T. D. Lovegrove, E. V. Metcalfe, G. E. Hobbs and J. A. F. Stevenson, Can. Psychiatr. Assoc. J., 10
(1965) 170.

P. E. Stokes, J. W. Maas, J. M. Davis, S. H. Koslow, R. C. Casper and P. M. Stoll, 4m. J. Psychiatry,
144 (1987) 868.

D. L. Murphy, F. K. Goodwin, H. K. H. Brodie and W. E. Bunney, Am. J. Psychiatry, 130 (1973) 79.
J. W. Maas, Ann. Intern. Med., 88 (1978) 556.

R. M. Murray, M. C. H. Oon, R. Rodnight, J. L. T. Birley and A. Smith, Arch. Gen. Psychiatry, 36
(1979) 644.

R. N. Golden, S. P. Markey, E. D. Risby, M. V. Rudorfer, R. W. Cowdry and W. Z. Potter, Arch.
Gen. Psychiatry, 45 (1988) 150.

M. Linnoila, F. Karoum and W. Z. Potter, Arch. Gen. Psychiatry, 40 (1983) 1015.

G. L. Corona, M. L. Cucchi, G. Santagostino, P. Frattini, F. Zerbi, L. Fenoglio and F. Savoldi,
Psychopharmacology, 77 (1982) 236.

L. Branchey, U. Weinberg, M. Branchey, P. Linkowski and J. Mendlewicz, Neuropsychobiology, 8
(1982) 225.

M. Linnoila, P. T. Ninan, M. Scheinin, R. N. Waters, W.-H. Chang, J. Bartko and D. P. Van
Kammen, Arch. Gen. Psychiatry, 40 (1983) 1290.

A. Roy, D. Pickar, M. Linnoila, A. R. Doran, P. Ninan and S. M. Paul, Psychiatry Res., 15 (1985)
281.

F. Gusovsky, H. Sabelli, J. Fawcett, J. Edwards and J. 1. Javaid, Anal. Biochem., 136 (1984) 202.

1. J. Schildkraut, G. L. Klerman, R. Hammond and D. G. Friend, J. Psychiatr. Res., 2 (1964) 257.

J. J. Schildkraut, E. K. Gordon and J. Durell, J. Psychiatr. Res., 3 (1965) 213.

L. Bertilsson and L. Palmer, Science, 177 (1972) 74.

M. Asberg, L. Bertilsson, D. Tuck, B. Cronholm and F. Sjéqvist, Clin. Pharmacol. Ther., 14 (1973)
277.

B. Siwers, V.-A. Ringberger, J. R. Tuck and F. Sjoqvist, Clin. Pharmacol. Ther., 21 (1977) 194.

K. Fotherby, G. W. Ashcroft, J. W. Affleck and A. D. Forrest, J. Neurol. Neurosurg. Psychiatry, 26
(1963) 71.

N. R. Tamarkin, F. K. Goodwin and J. Axelrod, Life Sci., 9 (1970) 1397.

G. Nordin, J.-O. Ottosson and B.-E. Roos, Psychopharmacologia, 20 (1971) 315.

D. J. Kupfer and M. B. Bowers, Psychopharmacologia, 27 (1972) 183.

J. Mendels, A. Frazer, R. G. Fitzgerald, T. A. Ramsey and J. W. Stokes, Science, 175 (1972) 1380.
G. W. Ashcroft, 1. M. Blackburn, D. Eccleston, A. 1. M. Glen, W. Hartley, N. E. Kinloch, M.
Lonergan, L. G. Murray and 1. A. Pullar, Psychol. Med., 3 (1973) 319.

B. Fyro, W. Petterson and G. Sedvall, Psychopharmacologia, 44 (1975) 99.

A. Jori, E. Dolfini, C. Casati and G. Argenta, Psychopharmacologia, 44 (1975) 87.

R. Abrams, W. B. Essman, M. A. Taylor and M. Fink, Biol. Psychiatry, 11 (1976) 85.

M. Asberg, L. Triskman and P. Thorén, Arch. Gen. Psychiatry, 33 (1976) 1193.

M. Asberg, V.-A. Ringberger, F. Sjéqvist, P. Thorén, L. Triskman and J. R. Truck, Clin. Pharmacol.
Ther., 21 (1977) 201.

L. Triskman, M. Asberg, L. Bertilsson, B. Cronholm, B. Mellstréom, L. M. Neckers, F. Sjoqvist, P.
Thorén and G. Tybring, Clin. Pharmacol. Ther., 26 (1979) 600.

H. Agren, Psychiatry Res., 3 (1980) 211.

A. Aberg-Wistedt, K.-G. Jostell, S. B. Ross and D. Westerlund, Psychopharmacology, 74 (1981) 297.
C. L. Bowden, D. E. Redmond, A. Swann and J. W. Maas, Psychopharmacol. Bull, 17, No.1(1981) 70.
J. Mendlewicz, J. E. Vanderheyden and G. Noel, Adv. Exp. Med. Biol., 133 (1981) 753.

L.-E. Dahl, L. Lundin, P. LeFévré Honoré and S. J. Dencker, Acta Psychiatr. Scand., 66 (1982) 9.

J. W. Maas, J. H. Kocsis, C. L. Bowden, J. M. Davis, D. E. Redmond, 1. Hanin and E. Robins,
Psychol. Med., 12 (1982) 37.

C. M. Banki, M. Arato and Z. Papp, Biol. Psychiatry, 18 (1983) 1033.

C. L. Bowden, S. H. Koslow, 1. Hanin, J. W. Maas, J. M. Davis and E. Robins, Clin. Pharmacol.
Ther., 37 (1985) 316.

G. Hoffmann, P. Linkowski, M. Kerkhofs, D. Desmedt and J. Mendlewicz, Psychiatry Res., 16 (1985)
199.

W. Z. Potter, M. Scheinin, R. N. Golden, M. V. Rudorfer, R. W. Cowdry, H. M. Calil, R. J. Ross and
M. Linnoila, Arch. Gen. Psychiatry, 42 (1985) 1171.



212 B. A. DAVIS

691 H. Agren, I. N. Mefford, M. V. Rudorfer, M. Linnoila and W. Z. Potter, J. Psychiatr. Res., 20 (1986)
175.

692 H. M. A, S. Standish-Barry, N. Bouras, A. S. Hale, P. K. Bridges and J. R. Bartlett, Br. J. P..ychiatry,
148 (1986) 386.

693 J. K. Hsiao, H. Agren, J. J. Bartko, M. V. Rudorfer, M. Linnoila and W. Z. Potter, Arch. Gen.
Psychiatry, 44 (1987) 1078.

694 R.N. Golden, M. V. Rudorfer, M. A. Sherer, M. Linnoila and W. Z. Potter, Arch. Gen. Psychiatry, 45
(1988) 139.

695 G. Sedvall, B. Fyrd, H. Nybéck, F.-A. Wiesel and B. Wode-Helgodt, J. Psychiatr. Res., 11 (1974) 75,

696 P. A. Bond, F. A. Jenner and G. A. Sampson, Psychol. Med., 2 (1972) 81.

697 J. J. Schildkraut, B. A. Keeler, M. Papousek and E. Hartmann, Science, 181 (1973) 762.

698 H. Beckmann, D. P. Van Kammen, F. K. Goodwin and D. L. Murphy, Biol. Psychiatry, 11 (1976)
377.

699 D. Sweeney, C. Nelson, M. Bowers, J. Maas and G. Heninger, Lancet, ii (1978) 100.

700 1. Modai, A. Apter, M. Golomb and H. Wijsenbeek, Neuropsychobiology, 5 (1979) 181.

701 E. Sacchetti, E. Allaria, F. Negri, P. A. Biondi, E. Smeraldi and C. L. Cazzullo, Biol. Psychiatry, 14
(1979) 473.

702 D. G. Spiker, D. Edwards, 1. Hanin, J. F. Neil and D. J. Kupfer, Am. J. Psychiatry, 137 (1980) 1183,

703 W. Z. Potter, H. M. Calil, I. Extein, P. W. Gold, T. A. Wehr and F. K. Goodwin, Acta Psychiat.
Scand., 63, Suppl. 290 (1981) 152.

704 K. T. Mueser, A. J. Rosen, M. W. Dysken and J. 1. Javaid, Psychiatry Res., 10 (1983) 275.

705 M. J. Garvey, G. D. Tollefson and P. J. Orsulak, Psychiatry Res., 20 (1987) 183.

706 V. Carr, J. Edwards and M. Prior, Biol. Psychiatry, 23 (1988) 560.

707 D. S. Charney, G. R. Heninger and D. E. Sternberg, Br. J. Psychiatry, 142 (1983) 265.

708 M. Linnoila, G. Litovitz, M. Scheinin, M.-D. Chang and N. R. Cutler, Biol. Psychiatry, 19 (1984) 79.

709 D. S. Charney and G. R. Heninger, Arch. Gen. Psychiatry, 42 (1985) 473.

710 A. L. Rubin, L. H. Price, D. S. Charney and G. R. Heninger, Psychiatry Res., 15 (1985) 5.

711 J. J. Warsh, G. Hasey, R. G. Cooke, H. C. Stancer, E. Persad, T. Jorna and D. D. Godse, Prog.
Neuropsychopharmacol. Biol. Psychiatry, 9 (1985) 661.

712 C. M. Mazure, M. B. Bowers, F. Hoffman, K. B. Miller and J. C. Nelson, Biol. Psychiatry, 22 (1987)
1469.

713 H. Loo, T. Dennis, J. M. Vanelle, L. Rouquier, M.-F. Poirier-Littr¢, M. Garreau, C. Benkelfat, D.
Sechter and B. Scatton, Biol. Psychiatry, 21 (1986) 900.

714 L. Bertilsson, J. Chromatogr., 87 (1973) 147.

715 H. M. Van Praag, Neuropsychobiology, 3 (1977) 56.

716 G. Roccatagliata, C. Albano and G. Abbruzzese, Neuropsychobiology, 7 (1981) 169.

717 S. Bonham Carter, M. Sandler, B. L. Goodwin, P. Sepping and P. K. Bridges, Br. J. Psychiatry, 132
(1978) 125.

718 S. Bonham Carter, M. Sandler, P. Sepping and P. K. Bridges, Brit. J. Clin. Pharmacol., 5 (1978) 269.

719 S. M. Bonham Carter, M. A. Reveley, M. Sandler, J. Dewhurst, B. C. Little, J. Hayworth and R. G.
Priest, Psychiatry Res., 3 (1980) 13.

720 A.S. Hale, P. L. Walker, P. K. Bridges and M. Sandler, J. Psychiatr. Res., 20 (1986) 251.

721 W.M. Harrison, T. B. Cooper, F. M. Quitkin, M. R. Liebowitz, P. J. McGrath, J. W. Stewart and D.
F. Klein, Psychopharmacol. Bull., 19 (1983) 503.

722 W. M. Harrison, T. B. Cooper, J. W. Stewart, F. M. Quitkin, P. J. McGrath, M. R. Liebowitz, J. R.
Rabkin, J. S. Markowitz and D. F. Klein, Arch. Gen. Psychiatry, 41 (1984) 681.

723 C. R. Lake, D. Pickar, M. G. Ziegler, S. Lippes, S. Slater and D. L. Murphy, Am. J. Psychiatry, 139
(1982) 1315.

724 R. M. Post, E. Fink, W. T. Carpenter and F. K. Goodwin, Arch. Gen. Psychiatry, 32 (1975) 1063.

725 R. B. Sloane, W. Hughes and H. L. Haust, Can. Psychiatr. Assoc. J., 11 (1966) 6.

726 R. M. Post, C. R. Lake, D. C. Jimerson, W. E. Bunney, J. H. Wood, M. G. Ziegler and F. K.
Goodwin, Am. J. Psychiatry, 135 (1978) 907.

727 F. De Leon-Jones, J. W. Maas, H. Dekirmenjian and J. A. Fawcett, Science, 179 (1973) 300.

728 T. Campanini, A. Catalano, C. De Risio and G. Mardighian, Br. J. Psychiatry, 116 (1970) 435.

729 B. Shopsin, S. Wilk, G. Sathananthan, S. Gershon and K. Davis, J. Nerv. Ment. Dis., 158 (1974) 369.

730 W. E. Bunney, J. M. Davis, H. Weil-Malherbe and E. R. B. Smith, Arch. Gen. Psychiatry, 16 (1967)
448.



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 213

731 D. R. Sweeney, J. W. Maas and G. R. Heninger, Arch. Gen. Psychiatry, 35 (1978) 1418.

732 L. Kirstein, M. B. Bowers and G. Heninger, Biol. Psychiatry, 11 (1976) 421.

733 L. Lidberg, J. R. Tuck, M. Asberg, G. P. Scalia-Tomba and L. Bertilsson, Acta Psychiatr. Scand., 71
(1985) 230.

734 M. Linnoila, M. Virkkunen, M. Scheinin, A. Nuutila, R. Rimon and F. K. Goodwin, Life Sci., 33
(1983) 2609.

735 P. T. Ninan, D. P. Van Kammen, M. Scheinin, M. Linnoila, W. E. Bunney and F. K. Goodwin, Am.
J. Psychiatry, 141 (1984) 566.

736 A. Gjerris, L. Werdelin, F. Gjerris, P. S. Sorensen, Q. J. Rafaelsen and C. Alling, Acta Psychiatr.
Scand., 75 (1987) 619.

737 P. Roy-Byrne, R. M. Post, D. R. Rubinow, M. Linnoila, R. Savard and D. Davis, Psychiatry Res., 10
(1983) 263.

738 E. Rydin, D. Schalling and M. Asberg, Psychiatry Res., 7 (1982) 229.

739 D. Ostrow, A. Halaris, M. Dysken, E. De Met, M. Harrow and J. Davis, J. Clin. Psychiatry, 45 (1984)
306.

740 J.J. Schildkraut, P. J. Orsulak, A. F. Schatzberg, J. O. Cole and A. H. Rosenbaum, Psychopharmacol.
Bull., 17 (1981) 90.

741 D. M. Cobbin, B. Requin-Blow, L. R. Williams and W. O. Williams, Arch. Gen. Psychiatry, 36 (1979)
1111.

742 C. A. Peabody, K. F. Faull, R. J. King, H. A. Whiteford, J. D. Barchas and P. A. Berger, Psychiatry
Res., 21 (1987) 1.

743 G. Conti, A. Vita and E. Sacchetti, Biol. Psychiatry, 24 (1988) 240.

744 H. Léo, M. F. Poirier, T. Dennis, C. Benkelfat, J. M. Vanelle, C. Gay, A. Galinowski, S. Askienazy
and B. Scatton, J. Neural! Transm., 72 (1988) 121.

745 R. D. Gibbons and J. M. Davis, Acta Psychiatr. Scand., 74 (1986) 8.

746 E. Lykouras, M. Markianos, D. Malliaras and C. Stefanis, Am. J. Psychiatry, 145 (1988) 214.

747 H. Agren, Psychiatry Res., 3 (1980) 225.

748 J. W. Maas, S. H. Koslow, J. M. Davis, M. M. Katz, ]. Mendels, E. Robins, P. E. Stokes and C. L.
Bowden, Psychol. Med., 10 (1980) 759.

749 J.]. Schildkraut, P. J. Orsulak, R. A. LaBrie, A. F. Schatzberg, J. E. Gudeman, J. O. Cole and W. A.
Rohde, Arch. Gen. Psychiatry, 35 (1978) 1436.

750 R. T. Rubin, J. Psychosom. Res., 12 (1968) 171.

751 1. J. Mooney, J. O. Cole, A. F. Schatzberg, B. Gerson and J. J. Schildkraut, Am. J. Psychiatry, 142
(1985) 366.

752 D. S. Charney, A. Breier, P. I. Jatlow and G. R. Heninger, Psychopharmacology, 88 (1986) 133.

753 E. D. Risby, J. K. Hsiao, T. Sunderland, H. Agren, M. V. Rudorfer and W. Z. Potter, Clin. Pharma-
col. Ther., 42 (1987) 547.

754 1. J. Schildkraut, R. Green, E. K. Gordon and J. Durell, Am. J. Psychiatry, 123 (1966) 690.

755 D. 8. Charney and G. R. Heninger, Arch. Gen. Psychiatry, 42 (1985) 458.

756 C. M. B. Pare and M. Sandler, J. Neurol. Neurosurg. Psychiatry, 22 (1959) 247.

757 A.J. Nazarali, G. B. Baker, R. T. Coutts, J. M. Yeung and T. S. Rao, Prog. Neuropsychopharmacol.
Biol. Psychiatry, 11 (1987) 251.

758 C. Harnryd, L. Bjerkenstedt, V. E. Grimm and G. Sedvall, Psychopharmacology, 64 (1979) 131.

759 H. M. Van Praag, J. Korf, J. P. W. F. Lakke and T. Schut, Psychol. Med., 5 (1975) 138.

760 D. C. Jimerson, T. R. insel, V. 1. Reus and i. J. Kopin, 4Arch. Gen. Psychiatry, 40 (1983) 173.

761 R. F. Barnes, R. C. Veith, S. Borson, J. Verhey, M. A. Raskind and J. B. Halter, Am. J. Psychiatry,
140 (1983) 1623.

762 R. Rodnight, J. Neurochem., 41 (1983) 12.

763 R.Rodnight, R. M. Murray, M. C. H. Oon, 1. F. Brockington, P. Nicholls and J. L. T. Birley, Psychoi.
Med., 6 (1976) 649.

764 J. C. Gillin, J. Kaplan, R. Stillman and R. J. Wyatt, Am. J. Psychiatry, 133 (1976) 203.

765 L. Corbett, S. T. Christian, R. D. Morin, F. Benington and J. R. Smythies, Br. J. Psychiatry, 132
(1978) 139.

766 E. H. La Brosse, I. J. Kopin, W. R. Felix and R. J. Westlake, J. Psychiatr. Res., 2 (1964) 185.

767 E. E. Herkert and W. Keup, Psychopharmacologia, 15 (1969) 48.

768 G. R. Pscheidt, H. H. Berlet, C. Bull, J. Spaide and H. E. Himwich, J. Psychiatr. Res., 2 (1964) 163.

769 R. Rodnight, Int. Rev. Neurobiol., 3 (1961) 251.



214

770
771
772

773
774

775

776
771

778
779
780
781
782
783
784

785

786

787
788
789
790
791
792

793
794
795
796
797
798

799

800

801
802

803

804

805

806
807
808
809
810
811

B. A. DAVIS

G. L. Mattok, D. L. Wilson and A. Hoffer, Nature (London), 213 (1967) 1189.

C. R. Creveling and J. W. Daly, Nature (London), 216 (1967) 190.

D. Naber, C. Finkbeiner, B. Fischer, K.-J. Zander and M. Ackenheil, Neuropsychobiology, 6 (1980)
181.

K. J. Zander, B. Fischer, R. Zimmer and M. Ackenheil, Psychopharmacology, 73 (1981) 43.

F. Dajas, L. Barbeito, G. Martinez-Pesquera, A. Lista, D. Puppo and H. Puppo-Touriz, Neuropsy-
chobiology, 10 (1983) 70.

L. Parnetti, J. Gottfries, I. Karlsson, G. Langstrom, C.-G. Gottfries and L. Svennerholm, Acta
Psychiatr. Scand., 75 (1987) 542.

H. Beckmann, P. Waldmeier, J. Lauber and W. F. Gattaz, J. Neural Transm., 57 (1983) 103.

G. Bagdy, A. Perenyi, E. Frecska, K. Revai, Z. Papp, M. 1. K. Fekete and M. Arato, Psycho-
pharmacology, 85 (1985) 62.

A. Allegranza, R. Bozzi and A. Bruno, J. Nerv. Ment. Dis., 140 (1965) 207.

R. Bozzi, A. Bruno and A. Allegranza, Br. J. Psychiatry, 111 (1965) 176.

A. Bruno and A. Allegranza, Psychopharmacologia, 8 (1965) 60.

F. A. Kuehl, R. E. Ormond and W. J. A. VandenHeuvel, Nature ( London), 211 (1966) 606.

M. B. Bowers, M. E. Swigar, P. 1. Jatlow and N. Goicoechea, J. Clin. Psychiatry, 45 (1984) 248.

F. Petty, G. Kramer and J. Weed, Psychiatry Res., 17 (1986) 169.

D. Pickar, R. Labarca, A. R. Doran, O. M. Wolkowitz, A. Roy, A. Breier, M. Linnoila and S. M.
Paul, Arch. Gen. Psychiatry, 43 (1986) 669.

M. Sandler, C. R. J. Ruthven, B. L. Goodwin, G. S. King, B. R. Pettit, G. P. Reynolds, S. P. Tyrer, M.
P. Weller and S. R. Hirsch, Commun. Psychopharmacol., 2 (1978) 199.

F. Karoum, W. Bunney, J. C. Gillin, D. Jimerson, D. Van Kammen and R. J. Wyatt, Biochem,
Pharmacol., 26 (1977) 629.

T. Persson and B.-E. Roos, Nature ( London), 217 (1968) 854.

C.-G. Fri, F.-A. Wiesel and G. Sedvall, Life Sci., 14 (1974) 2469.

L. Bjerkenstedt, B. Gullberg, C. Hirnryd and G. Sedvall, Arch. Psychiatr. Nervenkr., 224 (1977) 107.
T. Nagao, T. Ohshimo, K. Mitsunobu, M. Sato and S. Otsuki, Biol. Psychiatry, 14 (1979) 509.

G. C. Sedvall and B. Wode-Helgodt, Arch. Gen. Psychiatry, 37 (1980) 1113.

B. Petruccelli, G. Bakris, T. Miller, E. R. Korpi and M. Linnoila, Acta Pharmacol. Toxicol., 51 (1982)
421,

G. G. Brune and K. W. Pflughaupt, Experientia, 27 (1971) 516.

C.-G. Fri, F.-A. Wiesel and G. Sedvall, Psychopharmacologia, 35 (1974) 295.

B. Fyro, B. Wode-Helgodt, S. Borg and G. Sedvall, Psychopharmacologia, 35 (1974) 287.

E. S. Markianos, E. Riither and H. Gluba, Neurosci. Lett., 3 (1976) 37.

G. Sedvall, Prog. Biochem. Pharmacol., 16 (1980) 133.

D. P. Van Kammen, L. S. Mann, D. E. Sternberg, M. Scheinin, P. T. Ninan, S. R. Marder, W. B. Van
Kammen, R. O. Rieder and M. Linnoila, Science, 220 (1983) 974.

J. P. Houston, J. W. Maas, C. L. Bowden, S. A. Contreras, K. L. McIntyre and M. A. Javors,
Psychiatry Res., 19 (1986) 207.

F. Karoum, D. P. Van Kammen, W. E. Bunney, J. C. Gillen, D. C. Jimerson, R. M. Post and R. J.
Wyatt, Psychopharmacol. Commun., 2 (1976) 141.

J. W. Maas, S. A. Contreras, E. Seleshi and C. L. Bowden, Arch. Gen. Psychiatry, 45 (1988) 553.
M. B. Bowers, M. E. Swigar, P. L. Jatlow, F. Hoffman and N. Giocoechea, Compr. Psychiatry, 27
(1986) 181.

O. M. Wolkowitz, A. Breier, A. Doran, J. Kelsoe, P. Lucas, S. M. Paul and D. Pickar, Arch. Gen.
Pscyhiatry, 45 (1988) 664.

M. Davidson, A. B. Giordani, R. C. Mohs, T. B. Horvath, B. M. Davis, P. Powchik and K. L. Davis,
Arch. Gen. Psychiatry, 44 (1987) 189.

R. Davila, E. Manero, M. Zumarraga, 1. Andia, J. W. Schweitzer and A. J. Friedhoff, Arch. Gen.
Psychiatry, 45 (1988) 564.

S. G. Potkin, R. J. Wyatt and F. Karoum, Psychopharmacol. Bull., 16 (1980) 52.

M. H. Joseph, H. F. Baker, E. C. Johnstone and T. J. Crow. Psvchopharmacology, 64 (1979) 35.
G. N. Nelson, M. Masuda and T. H. Holmes, Psychosom. Med., 28 (1966) 216.

S. Takahashi and L. R. Gjessing, Clin. Chim. Acta, 36 (1972) 369.

G. G. Brune and G. R. Pscheidt, Fed. Proc. Fed. Ann. Soc. Exp. Biol., 20 (1961) 889.

S. G. Potkin, D. R. Weinberger, M. Linnoila and R. J. Wyatt, Am. J. Psychiatry, 140 (1983) 21.



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 215

812 A. R. Doran, J. Boronow, D. R. Weinberger, O. M. Wolkowitz, A. Breier and D. Pickar,
Neuropsychopharmacology, 1 (1987) 25.

813 D. R. Weinberger, K. F. Berman and B. P. lllowsky, Arch. Gen. Psychiatry, 45 (1988) 609.

814 M. B. Bowers, Psychopharmacologia, 28 (1973) 309.

815 P. Q. Harris, S. J. Brown, M. J. Friedman and N. G. Bacopoulos, Biol. Psychiatry, 19 (1984) 849.

816 D. Kirch, S. Hattox, J. Bell, R. Murphy and R. Freedman, Psychiatry Res., 9 (1983) 217.

817 M. Davidson, M. F. Losonczy, R. C. Mohs, J. C. Lesser, P. Powchik, L. B. Freed, B. M. Davis, V. V.
Mykytyn and K. L. Davis, Neuropsychopharmacology, 1 (1987) 17.

818 A. Atsmon, 1. Blum, M. Steiner, A. Latz and H. Wijsenbeck, Psychopharmacologia, 27 (1972) 249.

819 D. Pickar, O. M. Wolkowitz, A. R. Doran, R. Labarca, A. Roy, A. Breier and P. K. Narany, Arch.
Gen. Psychiatry, 44 (1987) 113.

820 N. R. Cutler, D. V. Jeste, F. Karoum and R. J. Wyatt, Life Sci., 30 (1982) 753.

821 G. G. Brune and H. E. Himwich, Arch. Gen. Psychiatry, 6 (1962) 324.

822 D. C. Moore, W. M. Glazer, M. B. Bowers and G. R. Heninger, Biol. Psychiatry, 18 (1983) 1393.

823 M. Markianos, J. Tripodianakis and E. Garelis, Biol. Psychiatry, 18 (1983) 347.

824 S. G. Potkin, H. E. Cannon, D. L. Murphy and R. J. Wyatt, N. Engl. J. Med., 298 (1978) 61.

825 M. B. Bowers, M. E. Swigar, P. I. Jatlow, F. J. Hoffman and N. Goicoechea, J. Clin. Psycho-
pharmacol., 7 (1987) 83.

826 K. Pind and A. Faurbye, Acta Psychiatr. Scand., 46 (1970) 323.

827 U. K. Rinne and V. Sonninen, Nature ( London), 216 (1967) 489.

828 S. W. Dziedzic, L. Bertani-Dziedzic and S. E. Gitlow, J. Lab. Clin. Med., 82 (1973) 829.

829 M. H. Van Woert and M. B. Bowers, Experientia, 26 (1970) 161.

830 M. B. Bowers and M. H. Van Woert, Lancet, ii (1972) 926.

831 R. Papeschi, P. Molina-Negro, T. L. Sourkes, J. Hardy and C. Bertrand, Neurology, 20 (1970) 991.

832 S. O’Reilly, M. Loncin and B. Cooksey, Neurology, 15 (1965) 980.

833 S. Wilk and R. Mones, J. Neurochem., 18 (1971) 1771.

834 A. A. Boulton and G. L. Marjerrison, Nature (London), 236 (1972) 76.

835 J. P. W. F. Lakke, J. Korf, H. M. Van Praag and T. Schut, Nature New Biol., 236 (1972) 208.

836 A. Bertler, P. G. Jeppsson, L. Nordgren and E. Rosengren, Acta Neurol. Scand., 47 (1971) 393.

837 W. Weiner, W. Harrison and H. Klawans, Life Sci., 8 (1969) 971.

838 W. J. Weiner and H. L. Klawans, J. Neurol. Neurosurg. Psychiatry, 36 (1973) 747.

839 T. N. Chase, Arch. Neurol., 27 (1972) 354.

840 D. B. Calne, F. Karoum, C. R. J. Ruthven and M. Sandler, Br. J. Pharmacol., 37 (1969) 57.

841 C. J. Gibson, M. Logue and J. H. Growdon, Arch. Neurol., 42 (1985) 489.

842 M. F. Beal and J. H. Growdon, Prog. Neuropsychopharmacol. Biol. Psychiatry, 10 (1986) 259.

843 J. Hardy, R. Adolfsson, 1. Alafuzoff, G. Bucht, J. Marcusson, P. Nyberg, E. Perdah], P. Wester and B.
Winblad, Neurochem. Int., 7 (1985) 545.

844 C. G. Gottfries, 1. Gottfries and B.-E. Roos, Acta Psychiatr. Scand., 46 (1970) 99.

845 D. M. Bowen, N. R. Sims, J. S. Benton, G. Curzon, A. N. Davison, D. Neary and D. J. Thomas, N.
Engl. J. Med., 305 (1981) 1016.

846 J. H. Growdon, E. Melamed, M. Logue, F. Hefti and R. J. Wurtman, Life Sci., 30 (1982) 827.

847 M. Virkkunen, A. Nuutila, F. K. Goodwin and M. Linnoila, Arch. Gen. Psychiatry, 44 (1987) 241.

848 B. Bioulac, M. Benezech, B. Renaud, B. Noel and D. Roche, Biol. Psychiatry, 15 (1980) 917.

849 A.J. Zametkin and S. D. Hamburger, Biol. Psychiatry, 23 (1988) 350.

850 W. O. Shekim, H. Dekirmenjian, J. L. Chapel, J. Javaid and J. M. Davis, J. Pediatrics, 95 (1979) 389.

851 W. O. Shekim, J. Javaid, J. M. Davis and D. B. Bylund, Biol. Psychiatry, 18 (1983) 707.

852 W.O. Shekim, J. Javaid, H. Dekirmenjian, J. L. Chapel and J. M. Davis, Am. J. Psychiatry, 139 (1982)
485,

853 T. Shetty and T. N. Chase, Neurology, 26 (1976) 1000,

854 J. L. Rapoport, E. J. Mikkelsen, M. H. Ebert, G. L. Brown, V. K. Weise and 1. J. Kopin, J. Nerv.
Ment. Dis., 166 (1978) 731.

855 W. O. Shekim, H. Dekirmenjian and J. L. Chapel, Am. J. Psychiatry, 134 (1977) 1276.

856 A. U. Khan and H. Dekirmenjian, Am. J. Psychiatry, 138 (1981) 108.

857 W. O. Shekim, H. Dekirmenjian and J. L. Chapel, Am. J. Psychiatry, 136 (1979) 667.

858 Shen Yu-cun and Wang Yu-feng, Biol. Psychiatry, 19 (1984) 861.

859 G. Curzon, P. Theaker and B. Phillips, J. Neurol. Neurosurg. Psychiatry, 29 (1966) 85.

860 J. R. Fozard, Prog. Pharmacol., 4, No.4 (1982) 135.



216

861

862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885

886

887

888
889
890
891
892
893

894

895
896
897

898

899
900

901
902
903
904
905
906
907
908

B. A. DAVIS

P. Weidmann, R. de Chatel, A. Schiffmann, E. Bachmann, C. Beretta-Piccoli, F. C. Reubi, W. H.
Ziegler and W. Vetter, Klin. Wochenschr., 55 (1977) 725.

E. B. Pedersen and N. J. Christensen, Acta Med. Scand., 198 (1975) 373.

N. Saar and R. D. Gordon, Br. J. Clin. Pharmacol., 8 (1979) 353.

A. Prémel-Cabic, A. Turcant and P. Allain, Clin. Chem., 32 (1986) 1585.

H. Sprince, Ann. N.Y. Acad. Sci., 96 (1962) 399.

F. A. J. Muskiet and A. Groen, Clin. Chem., 25 (1979) 1281.

J. C. Ballenger, F. K. Goodwin, L. F. Major and G. L. Brown, Arch. Gen. Psychiatry, 36 (1979) 224.
M. B. Bowers and F. A. Gerbode, Nature ( London), 219 (1968) 1256.

K. Kodama, K. Yamanaka, T. Nakata and M. Aoyama, Clin. Chem., 32 (1986) 1944.

A. Carlsson, Neuropsychopharmacology, 1 (1988) 179.

H. Weil-Malherbe and A. D. Bone, Lancet, i (1953) 974.

J. Odink, H. Korthals and J. H. Kniff, J. Chromatogr., 424 (1988) 273.

P. C. N. Eichholtz, D. Binkhuyzen and R. E. Thieme, J. Chromatogr., 305 (1984) 438.

F. Karege, J. Chromatogr., 311 (1984) 361.

A. J. Fellenberg, G. Phillipou and R. F. Seamark, Biomed. Mass Spectrom., 7 (1980) 84.

M. Tetsuo, S. P. Markey, R. W. Colburn and I. J. Kopin, Anal. Biochem., 110 (1981) 208.

S. W. Dziedzic, L. M. Bertani, D. D. Clarke and S. E. Gitlow, Anal. Biochem., 47 (1972) 592.

M. Tsuji, K. Ohi, C. Taga, T. Myojin and S. Takahashi, Anal. Biochem., 153 (1986) 116.

J. A. Oates, E. Marsh and A. Sjoerdsma, Clin. Chim. Acta, 7 (1962) 488.

A. Wollin and H. Navert, Anal. Biochem., 145 (1985) 73.

A. Bleich, S. L. Brown, R. Kahn, and H. M. Van Praag, Schizophr. Bull., 14 (1988) 297.

B. Wode-Helgodt and G. Sedvall, Commun. Psychopharmacol., 2 (1978) 177.

L. Bertilsson, Life Sci., 41 (1987) 821.

R. M. Post, F. K. Goodwin and E. Gordon, Science, 179 (1973) 897.

T. A. Wehr and F. K. Goodwin, in T. A. Wehr and F. A. Goodwin (Editors), Circadian Rhythms in
Psychiatry, Boxwood Press, Pacific Grove, CA, 1983, pp.1 and 129.

L. Siever, H. Kraemer, R. Sack, D. Angwin, P. Berger, V. Zarcone, J. Barchas and H. K. H. Brodie,
Dis. Nerv. Syst., 36 (1975) 13.

L. Bertilsson, M. Asbcrg, O. Lantto, G. P. Scalia-Tomba, L. Traskman-Bendz and G. Tybring,
Psychiatry Res., 6 (1982) 77.

F. Jonassen, G. Granerus and H. Wetterqvist, Acta Obstet. Gynecol. Scand., 55 (1976) 297.

M. G. Ziegler, J. H. Wood, C. R. Lake and 1. J. Kopin, Am. J. Psychiatry, 134 (1977) 565.

D. Gateless, M. Stanley, L. Triskman-Bendz and J. Gilroy, Biol. Psychiatry, 19 (1984) 1585.

C. Nordin, B. Siwers and L. Bertilsson, Arch. Gen. Psychiatry, 39 (1982) 1445,

G. N. Ko, D. C. Jimerson, R. J. Wyatt, and L. B. Bigelow, Arch. Gen. Psychiatry, 45 (1988) 842.
F. Karoum, C. N. Karson, L. B. Bigelow, W. B. Lawson and R. J. Wyatt, Arch. Gen. Psychiatry, 44
(1987) 604.

G. N. Ko, J. D. Elsworth, R. H. Roth, B. G. Rifkin, H. Leigh and D. E. Redmond, Arch. Gen.
Psychiatry, 40 (1983) 425.

W. Pollin, Am. J. Psychiatry, 128 (1971) 311.

G. Sedvall, Adv. Exp. Med. Biol., 133 (1981) 719.

G. Sedvall, B. Fyro, B. Gullberg, H. Nybick, F. A. Wiesel and B. Wode-Helgodt, Br. J. Psychiatry,
136 (1980) 366.

G. Oxenstierna, G. Edman, L. Iselius, L. Oreland, S. B. Ross and G. Sedvall, J. Psychiatr. Res., 20
(1986) 19.

G. P. Reynolds, J. W. T. Seakins and D. O. Gray, Clin. Chim. Acta, 83 (1978) 33.

L. M. Bertani-Dziedzic, A. M. Krstulovic, S. Ciriello and S. E. Gitlow, J. Chromatogr., 164 (1979)
345.

S. E. Gitlow, M. Mendlowitz, S. Khassis, G. Cohen and J. Sha, J. Clin. Invest., 39 (1960) 221.

N. D. Vlachakis and V. De Quattro, Biochem. Med., 20 (1978) 107.

T. G. Rosano and H. H. Brown, Clin. Chem., 25 (1979) 550.

T. G. Rosano, H. H. Brown and J. M. Meola, Clin. Chem., 27 (1981) 228.

N. D. Vlachakis and A. Niarchos, Clin. Chim. Acta, 99 (1979) 283.

V. Skrinska and S. Hahn, J. Chromatogr., 311 (1984) 380.

V. E. Davis, J. A. Huff and H. Brown, J. Lab. Clin. Med., 66 (1965) 390.

N. Crawford, Clin. Chim. Acta, 12 (1965) 274.



BIOGENIC AMINES AND METABOLITES IN BODY FLUIDS 217

909 K. Engelman, B. Portnoy and A. Sjoerdsma, Circ. Res., 27 (1970) 1-141.

910 P. V. Cardon and F. G. Guggenheim, J. Psychiatr. Res., 7 (1970) 263.

911 I. Goodman, A. P. Olenczak and R. B. Hiatt, Clin. Chim. Acta, 16 (1967) 245.

912 E. Evans and P. J. Nicholls, J. Chromatogr., 82 (1973) 394.

913 K. S. Kendler, R. C. Mohs and K. L. Davis, Psychiatry Res., 8 (1983) 215.

914 M. A. Paulos and R. E. Tessel, Science, 215 (1982) 1127.

915 J. M. Feldman and E. M. Lee, Am. J. Clin. Nutr., 42 (1985) 639.

916 L. Davidson, R. Vandongen and L. J. Beilin, Life Sci., 29 (1981) 1773.

917 P. H. Yu, D. A. Durden, B. A. Davis and A. A. Boulton, Biochem. Pharmacol., 37 (1988) 3729.

918 A. H. Anton, Clin. Pharmacol. Ther., 6 (1965) 462.

919 C. M. Schwartz, V. Drews and R. Cadoret, Am. J. Psychiatry, 44 (1987) 938.

920 M. Ogata, J. H. Mendelson, N. K. Mello and E. Majchrowicz, Psychosom. Med., 33 (1971) 159.

921 M. A. Ireland, R. Vandongen, L., Davidson, L. K. Beilin and 1. L. Rouse, Clin. Sci., 66 (1984) 643.

922 V. E. Davis, J. L. Cashaw, J. A. Huff, H. Brown and N. L. Nicholas, Proc. Soc. Exp. Biol. Med., 125
(1967) 1140.

923 S. Borg, H. Kvande and G. Sedvall, Science, 213 (1981) 1135.

924 L. Peyrin, J. M. Pequignot, J. R. Lacour and J. Fourcade, Psychopharmacology, 93 (1987) 188.

925 U. S. von Euler, Clin. Pharmacol. Ther., 5 (1964) 398.

926 M. M. Ward, I. N. Mefford, S. D. Parker, M. A. Chesney, C. B. Taylor, D. L. Keegan and J. D.
Barchas, Psychosom. Med., 45 (1983) 471.

927 N. Winer and C. Carter, Life Sci., 20 (1977) 887.

928 N. J. Christensen and O. Brandsborg, Eur. J. Clin. Invest., 3 (1973) 299.

929 J. Hédggendal, L. H. Hartley and B. Saltin, Scand. J. Lab. Clin. Invest., 26 (1970) 337.

930 M. H. Ebert, R. M. Post and F. K. Goodwin, Lancet, ii (1972) 766.

931 D.J. Goode, H. Dekirmenjian, H. Y. Meltzer and J. W. Maas, Arch. Gen. Psychiatry, 29 (1973) 391.

932 J. W. Garden, J. Appl. Physiol., 21 (1966) 631.

933 L. Levi, Psychosom. Med., 27 (1965) 80.

934 R. T. Rubin, R. G. Miller, B. R. Clark, R. E. Poland and R. J. Arthur, Psychosom. Med., 32 (1970)
589.

935 T. Akerstedt, M. Gillberg, P. Hjemdahl, K. Sigurdson, 1. Gustavsson, M. Daleskog and T. Pollare,
Acta Physiol. Scand., 117 (1983) 19.

936 T. A. Kotchen, L. H. Hartley, T. W. Rice, E. H. Mougey, L. G. Jones and J. W. Mason, J. 4ppl.
Physiol., 31 (1971) 178.

937 S. Kozlowski, Z. Brzezinska, K. Nazar, W. Kowalski and M. Franczyk, Clin. Sci. Mol. Med., 45
(1973) 723.

938 C. Chryssanthopoulos, J. J. Barboriak, J. N. Fink, W. J. Stekiel and M. G. Maksud, J. Allergy Clin.
Immunol., 61 (1978) 17.

935 J. T. F. Wong, G. B. Baker and R. T. Coutts, J. Chromatogr., 428 (1988) 140.

940 S. P. Markey, S. Higa, M. Shih, D. N. Danforth and L. Tamarkin, Clin. Chim. Acta, 150 (1985) 221.

941 J. Arendt, L. Paunier and P. C. Sizonenko, J. Clin. Endocrinol. Metab., 40 (1975) 347.

942 K. M. Summers, G. A. Harrison, D. A. Hume and C. D. Palmer, Ann. Human Biol., 10 (1983) 99.

943 B. M. Eriksson, S. Gustafsson and B.-A. Persson, J. Chromatogr., 278 (1983) 255.

944 T. P. Moyer, N.-S. Jiang, G. M. Tyce and S. G. Sheps, Clin. Chem., 25 (1979) 256.

945 U. S. von Euler and F. Lishajko, Acta Physiol. Scand., 45 (1959) 122.

946 F. Bischoff and A. Torres, Clin. Chem., 8 (1962) 370.

947 W. S. Aronow, P. R. Harding, V. De Quattro and M. Isbell, Chest, 63 (1973) 722.

948 M. B. Turton and T. Deegan, Clin. Chim. Acta, 55 (1974) 389.

949 B. E. Levin, M. Rappaport and B. H. Natelson, Life Sci., 25 (1979) 621.

950 D. A. Sack, S. P. James, A. R. Doran, M. A. Sherer, M. Linnoila and T. A. Wehr, Arch. Gen.
Psychiatry, 45 (1988) 162.

951 H.J. Gaertner, W. Engelmann, W. Martin, A. Mahal and B. Pflug, Arzneim.-Forsch., 32 (1982) 893.

952 T. A. Wehr, G. Muscettola and F. K. Goodwin, Arch. Gen. Psychiatry, 37 (1980) 257.

953 T. Dennis, C. Benkelfat, Y. Touitou, A. Auzeby, M. F. Poirier, B. Scatton and H. Léo, Psycho-
pharmacology, 90 (1986) 471.

954 F. Nicoletti, R. Raffaele, A. Falsaperla and R. Paci, Eur. Neurol., 20 (1981) 9.

955 A. Wirz-Justice and A. Richter, Psychiatry Res., 1 (1979) 53.

956 M. F. Losonczy, R. C. Mohs and K. L. Davis, Psychiatry Res., 12 (1984) 79.



218 B. A. DAVIS

957 M. Scheinin, W. H. Chang, K. L. Kirk and M. Linnoila, Anal. Biochem., 131 (1983) 246.

958 B. Mohringe, O. Magnusson, G. Thorell and C. J. Fowler, J. Chromatogr., 361 (1986) 291.

959 N. Saar, A. W. Bachmann and R. D. Gordon, Clin. Chem., 27 (1981) 626.

960 P. Moleman, Clin. Chem., 31 (1985) 653.

961 M. Carruthers, P. Taggart, N. Conway, D. Bates and W. Somerville, Lancet, ii (1970) 62.

962 J. Pettersson, E. Hussi and J. Jinne, Scand. J. Clin. Lab. Invest., 40 (1980) 297.

963 T. B. Weir, C. C. T. Smith, J. M. Round and D. J. Betteridge, Clin. Chem., 32 (1986) 882.

964 S. Sasa, C. L. Blank, D. C. Wenke and C. A. Sczupak, Clin. Chem., 24 (1978) 1509.

965 J. de Jong, U. R. Tjaden, E. Visser and W. H. Meijer, J. Chromatogr., 419 (1987) 8S5.

966 N. Verbiese-Genard, M. Hanocq, C. Alvoet and L. Molle, Anal. Biochem., 134 (1983) 179.

967 N. Fornstedt, J. Chromatogr., 270 (1983) 359.

968 B. A. Davis, J. Chromatogr., 433 (1988) 23.

969 J. Karkkainen, M. Riisidnen, H. Naukkarinen, J. Spoov and R. Rimon, Biol. Psychiatry, 24 (1988)
441,

970 B. A. Davis, S. Blackshaw, R. Brown, S. Cebrian-Perez, B. Dawson, N. R. Dayal, D. A. Durden, S.
Saleh, S. Shrikhande, P. H. Yu, D. Keegan and A. A. Boulton, in A. A. Boulton, A. V. Juorio and R.
G. H. Downer (Editors), Trace Amines: Comparative and Clinical Neurobiology, Humana Press, Clif-
ton, NJ, 1988, p. 387.

971 J. M. Davis, S. H. Koslow, R. D. Gibbons, J. W. Maas, C. L. Bowden, R. Casper, 1. Hanin, J. 1.
Javaid, S. S. Chang and P. E. Stokes, Arch. Gen. Psychiatry, 45 (1988) 705.

972 G. B. Baker, V. K. Yeragani, W. G. Dewhurst, R. T. Coutts, R. N. MacDonald and T. F. J. Wong,
Biochem. Arch., 3 (1987) 257.



