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Summary Increased dopaminergic activity has been postulat-
ed to be one of the main causes of schizophrenia To evaluate
this hypothesis further, the interrelation between dopamine,
prolactin, thyrotropin (TSH) and L-thyroxine was studied by
determining their concentrations in the serum often acutely ill
schizophrenic patients exhibiting distinct stages of process
activity and ten healthy subjects The level of dopamine was
elevated in the sera of schizophrenic patients, whereas the
levels of prolactin, TSH and L-thyroxine were decreased.
On the basis of these results we hypothesize that 1 increased
dopaminergic activity affects pituitary secretory function, and
2 decreased fi-adrenergic activity may be a consequence of
decreased thyroid hormone concentration in plasma.
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Introduction

The biological factors underlying the mechanisms of the
etiology of schizophrenias are poorly understood However,
scrutiny of a number of hypotheses, based on experimental
data, permit reasonable predictions toward understanding
some aspects of this malady The dopamine-related hypo-
theses (for a discussion of different hypotheses related to
dopamine, see Wyatt et al 1979) of the schizophrenias were
founded on indirect pharmacological evidence in the thirties.
They were based initially on the observation that psychosis
occurred in non-schizophrenics after administration of the
dopamine agonist amphetamine (Huber 1972 ; Haracz 1982).
Some 25 years later these hypotheses were further supported
by the development of drugs that blocked central dopaminerg-
ic transmission These drugs possess antipsychotic properties
that parallel their affinities to the dopamine receptors in the
striatum It is therefore not surprising that an intense search
was launched to measure direct changes in dopaminergic ac-
tivities at the cellular and molecular level.

Direct and indirect evidence for altered dopaminergic activ-
ity in schizophrenic patients has been obtained from estima-
tions of dopamine and its metabolites as well as dopamine
receptors in post-mortem brain specimens from schizophren-
ics Farley et al found increased concentrations of dopamine
in the ventral septum of post-mortem brain specimens from
schizophrenics (for review see Haracz 1982) Crow et al.
( 1979) detected a significant increase in the concentration of
dopamine in some areas of corpus striatum, and Bird et al (for
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review see Crow et al 1979) in the nucleus accumbens of post-
mortem brain specimens from schizophrenics Of special
interest are the findings of Mackay et al ( 1982) who reported
significant differences in the concentration of dopamine in
the nucleus caudatus and nucleus accumbens of young schizo-
phrenic patients compared to a control group of the same age
and sex; however, differences were not observed between
groups comprising a wide range of ages Thus significant dif-
ferences became apparent when age-matched controls were
selected.

For obvious reasons direct estimates of dopaminergic activ-
ity in the brain are not possible Indirect evidence for changes
in transmitter activity in the brain may be obtained by the
measurement of pituitary hormones in serum It is known that
the secretion of hormones from neurosecretory neurons is
regulated by neurotransmitters, e g dopamine (for review see
Reichlin 1981) Thus changes in dopaminergic activity may be
expressed as changes in the output and/or concentrations of
hypothalamic releasing factors/hormones and/or pituitary
hormones with concomitant changes in the concentrations of
hormones in serum.

Dopamine exerts a tonic inhibition on the release of hypo-
thalamic thyrotropin releasing hormone (TRH), thyrotropin
(TSH) (Martin et al 1977 ; Quijada et al 1973) and prolactin
from the pituitary (Massara et al 1976 ; Leblanc et al 1976 ;
Langer et al 1978) In conformity with the dopamine hypo-
thesis of schizophrenia some investigators found decreased
concentrations of prolactin in the serum and plasma of chroni-
cally ill schizophrenic patients (Kleinman et al 1982) Meltzer
et al ( 1980 a) found higher prolactin levels in the serum of
acute schizophrenic patients than in that of normal controls;
serum prolactin tended to be lower in chronic schizophrenic
patients However, other investigators (Johnstone et al 1977)
failed to confirm these differences between chronic patients
and controls This apparent discrepancy may be due to differ-
ences in methodology especially in classifying subgroups of
schizophrenia.

Very few investigators have concerned themselves with the
hypothalamic-pituitary-thyroid axis in schizophrenia (Prange
et al 1979), although it is known that TRH occurs ubiquitously
in the brain (Reichlin 1981) and may have mood altering
properties (Loosen et al 1980 ; Prange and Wilson 1972) TRH
has pronounced influences on the brain; it modifies the release
of catecholamines in the CNS (Bennet et al 1983) On the
other hand thyroid hormones increase the sensitivity of
noradrenergic receptors (Whybrow and Prange 1981).

On the basis of these considerations the purpose of our
paper is to propose a working hypothesis for explaining altered
dopaminergic activity as evidenced by alterations in the con-
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Fig 1 Interrelationship between dopamine, prolactin, and the hypo-
thalamic-pituitary-thyroid axis

centrations of hormones which in turn could play a causative
role in the changes of receptor activity speculated to occur
in schizophrenia Thus we set out from the observations of
pharmacological evidence (for review see Haracz 1982) that
one of the causes for schizophrenia or a certain subtype of
schizophrenia may be excess of brain dopaminergic activity.
Increased dopaminergic activity inhibits the secretion of pro-
lactin, TRH and TSH (Reichlin 1981) (Fig 1) TRH is known to
stimulate the release of TSH from the thyrotroph as well as
that of prolactin from the lactotroph; thus decreases in the out-
put of TRH will also cause a decrease in the release of TSH and
prolactin On the other hand, a reduction in the secretion of
TSH will eventually lead to reduced concentrations of thyroid
hormones.

The experiments were designed to test the possibility of
altered concentrations of dopamine in schizophrenic patients
using a highly sensitive method The data were compared with
those of age and sex-matched healthy subjects; furthermore
prolactin, TSH and thyroid hormone were determined in order
to investigate the existence of a possible interrelationship
regarding the postulated increase in dopaminergic activity and
decrease in the secretion of hormones.

Material and Methods

The patients were diagnosed independently for the purpose of
the study by two psychiatrists The diagnosis of schizophrenia
was made according to the criteria of Schneider ( 1980) Ten
acute schizophrenic patients (males) with different degrees of
"process activity" took part in the study The stages of "process
activity" were differentiated according to the four different
degrees described by Huber and Penin ( 1968 ; Penin et al 1982).
The main criteria underlying this classification are the sub 
strate-close basic symptoms (Huber 1966, 1976, and 1983 a)
primarily present only during those brief episodes of schizo-
phrenia in which a high degree of process activity prevails.
Changes of biochemical and other somatic disturbances, e g.
in EEG, can be expected to reveal themselves only during
these fluctuating and transitional stages of process activity,
with more or less marked basic symptoms (Huber 1983 a, and
b) The mean age of the patients was 36 + 14 years, all patients
were drug free and gave consent to participate in this study.
The control group comprised of ten males with a mean age of
24 ± 4 years.

The patients and subjects in the control group received a
normal hospital diet which consisted of 80 ± 5 g of protein,

100 + 5 g of fat, 220 ± 20 g of carbohydrate per day; 50 % of the
caloric intake was at noon Neither the control group nor their
families had a history of psychiatric illness; both groups were
German males They did not show clinical signs of endocrino-
pathies or other diseases, and their weight was in the normal
range During the study the patients and the control subjects
pursued their normal activities Blood was taken at 13:00, 16:00,
19:00, 23:00, 3:00, 7:00, 10:00 and 13:00 h from the antecubital
vein after a resting period of 30 min The blood samples were
transferred to the laboratory and centrifuged for 10 min at
3000 g One part of the serum was stabilized by the addition of
EGTA (ethyleneglycol-bis ( 2-aminoethylether)-N, N, N'-
tetraacetic acid) and glutathione (final concentration 6 1 and
4.8 mmol/l, respectively) and frozen at -82 ° C for the radio-
enzymatic determination of dopamine Separate aliquots were
stored at -28 ° C for the determination of hormones.

Determination of Dopamine

Dopamine was determined by radioenzymatic assay according
to Peuler and Johnson ( 1977) using 3H-S-adenosylmethionine
and catechol-o-methyl-transferase Rat liver catechol-o-
methyl-transferase was partially purified according to Axelrod
and Tomchick ( 1958) The animals were pretreated according
to Brown and Jenner ( 1981) in order to reduce endogenous
catecholamines and to improve the sensitivity of the assay.
Standard curves of dopamine were carried out using buffer or
steroid and transmitter-free serum The regression lines of
both sets of curves passed through the origin and the two
curves were superimposable; 10 pg of dopamine/ml could be
differentiated from blank values (P< 0 05) The intra-assay
coefficient of variation was 24 % (n = 12) and the inter-assay
coefficient of variation 24 % (n = 7) Each series included an
internal quality control sample the assay of which indicated
good reproducibility of the method.

Determination of Hormones

Prolactin was determined by radioimmunoassay using anti-
prolactin rabbit antibody which was precipitated with anti-y-
globulin rabbit antibody The intra-assay coefficient of varia-
tion was 5 %, and the inter-assay coefficient of variation 8 %.

TSH was determined by double antibody radioimmuno-
assay The antibody was obtained by immunization of sheep
and contained HCG (Marschner et al 1983) The kit was cali-
brated according to WHO-standard 68/38, and the sensitivity
of the assay was 0 19,u U/ml The intra-assay coefficient of
variation was 2 0 %, the inter-assay coefficient (from 5 day to
day determinations) was 8 5 %.

L-thyroxine was determined using a specific anti-thyroxine
rabbit antiserum which was produced against an L-thyroxine-
BSA conjugate Cross reactivity with L-triiodo-thyronine was
< 1 % The intra-assay coefficient of variation was 1 5 %, the
inter-assay coefficient of variation 4 5 %.

Statistical Analysis

The results were evaluated using the Student's t-test for
comparing the results obtained in sera of patients with those of
the control group Regression analysis was performed on rele-
vant data.

Results

In an attempt to study the interrelationship of neurotrans-
mitters and hormones in schizophrenic patients and healthy
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Fig 2 Temporal pattern of the concentrations of dopamine in
schizophrenic patients (males; U) and healthy male subjects ().
Each value is averaged from ten subjects The symbols represent
the mean, and the vertical bars the standard error of the mean;
*** denotes P< O 01 ; ** P< 0 05, and * P< O 1
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Fig 4 Temporal pattern of the concentration of TSH in schizoprenic
patients (males; U) and healthy male subjects ()
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Fig 3 Temporal pattern of the concentration of prolactin in
schizophrenic patients (males; U) and healthy male subjects ( 0) For
details of this and the following Figs refer to legend of Fig 2

controls, dopamine, prolactin, TSH and L-thyroxine were
determined in serum of these subjects To account for the
periodicity of these agents blood was taken eight times during a
period of 24 h as indicated in Figs 2-5.

The concentrations of dopamine in the control group
remained generally low between 3:00 and 13:00 h (Fig 2) They
showed a tendency to rise in the afternoon; peak values were
observed between 16:00 and 19:00 h The profile of dopamine
of the patients began to rise after 3:00 and reached maximum
values between 13:00 and 19:00 h The concentrations of
dopamine showed a tendency to be elevated between 3:00 and
13:00 h (P< 0 1 ; P< 0 01 at the first 13:00 h blood sample) com-
pared to those of the controls.

Concomitant with low concentrations of dopamine during
the night, in the serum of the control group (Fig 2) a rise in
prolactin was observed between 3:00 and 7:00 h (Fig 3) The
schizophrenic patients exhibited similar baseline values of
prolactin between 13:00 and 23:00 h as those of the control
group However, the rise of prolactin early in the morning be-
tween 3:00 and 7:00 h was less pronounced in patients com-
pared to that of the control subjects (P< 0 01 at 7:00 h) The
steep increase of prolactin in patients observed at the second
13:00 h point was not significant (P> 0 05) It was attributed to
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Fig 5 Temporal pattern of the concentration of L-thyroxine in
schizophrenic patients (males; U) and healthy male subjects (l)

the surge in the concentration of the hormone of one patient
and may be due to stress; it has been pointed out before (Klein-
man et al 1982) that collection of blood could be a source of
stress which may cause increases in prolactin levels in approxi-
mately 3 % of the patients.

The concentration of TSH in control subjects remained
generally low during daytime (between 10:00 and 16:00 h;
Fig 4) At 19:00 h a tendency to rise was noted; peak values
were attained at 23:00 and 3:00 h Similar results have been
obtained by Patel et al ( 1972) The values in patients remained
lower throughout the entire 24 h than those of the controls
(P< 0 01 at 23:00 and 3 00 h) with only a slight increase toward
7:00 Peak values were not detected.

The 24-h profile of L-thyroxine in control subjects was
without marked elevations (Fig 5) It has been shown before
that serum L-thyroxine does not exhibit a circadian rhythm.
Similar results were obtained from serum of patients examined
for the existence of circadian variations The concentrations of
L-thyroxine in patients also indicated generally lower hormone
concentrations during the entire day (P< 0 05) as compared to
controls.

Discussion

There is only direct evidence supporting increased dopamin-
ergic activity in schizophrenic patients We felt that increased
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dopaminergic activity may be expressed as a change in the con-
centrations of pituitary hormones in the periphery Using a
sensitive assay method to measure dopamine in serum, it was
also found that concentrations of dopamine were elevated in
schizophrenic patients These findings agree with earlier
results of Fujita et al ( 1978) and Meltzer et al ( 1980 b) who
proposed that the elevation of dopamine was due to a decrease
in the activity of dopamine-fl-hydroxylase, an enzyme that
catalyzes the conversion of dopamine to noradrenaline Both
research groups based their diagnosis of schizophrenia on
Schneider's criteria and on the Research Diagnostic Criteria
(RDC) which also rely to a major extent on that of Schneider.
Our classification system (Huber 1981 ; Huber et al 1979) is also
based on the criteria of Schneider.

It is known that increases in the concentration of dopamine
have an inhibitory influence on the secretion of TSH and pro-
lactin (Reichlin 1981) During the period of low basal concen-
trations of dopamine a rise in the concentration of prolactin
was observed in the control group One may speculate that
high concentrations of dopamine in patients might be the
cause of lowered concentrations of prolactin during the same
time Differences between patients and controls were found in
blood samples taken early in the morning (P< 0 01); this may
account for the discrepancy with other studies that do not
show differences between patients and the control group
(Johnstone et al 1977) when sampling was carried out during
the daytime.

The postulated inhibitory influence of dopamine on the
secretion of pituitary hormones (Reichlin 1981) is seen in this
study, and the secretion of TSH appears to be strongly affected
in schizophrenics The rise in the concentration of TSH in the
control group during the night is practically absent in the
patients On the other hand the low concentrations of TSH in
schizophrenic patients might also have been due to increased
concentrations of serum L-thyroxine, since thyroid hormones
mediate the feedback regulation of TSH secretion (Ingbar
1981) However, a close inspection of the data (Fig 5) reveals
lower levels of L-thyroxine (P< 0 05) in schizophrenic patients
as compared to controls, which is an obvious discrepancy con-
sidering the feedback regulation mechanism.

Low levels of thyroid hormone have been shown to lead to
a down regulation of the number of ,-adrenergic receptors
(Banerjee and Kung 1977 ; Ciaraldi and Marinetti 1977 ; Hoff-
man and Lefkowitz 1980) In this connection Whybrow and
Prange ( 1981) and Smith et al ( 1972) have speculated that
modulation of the P-adrenergic receptor response to catechol-
amines by thyroid hormones may be the cause for lowering the
threshold for depression in hypothyroidism Since thyroid
hormone binds to numerous structures in the brain (Thierry et
al 1973 ; Berger et al 1974) and modulates noradrenergic neu-
rons in the cortex, decreased levels of the hormone may lead to
a deficiency in the function of the brain noradrenergic system
(Hartmann 1976) which may account for some of the improper
functioning of the feedback processes in schizophrenic pa-
tients.

Acknowledgments We gratefully acknowledge Henning Berlin for
providing the RIA testkits for the determination of TSH and thyroid
hormone.

References

Axelrod J, Tomchick J ( 1958) Enzymatic-o-methylation of epi-
nephrine and other catechols J Biol Chem 233: 702-705

Banerjee SP, Kung LS ( 1977) Beta-adrenergic receptors in rat heart:
Effect of thyroidectomy Eur J Pharmacol 43: 207-208

Bennet GW, Sharp T, Brazell M, Marsden CA ( 1983) TRH and
catecholamine neurotransmitter release in the central nervous
system In: Griffiths EC, Bennet GW (eds) Tyrotropin-releasing
hormones Raven Press, New York, pp 253-269

Berger B, Tassin JP, Blanc B, Moyne MA, Thierry AM ( 1974)
Histochemical confirmation for dopaminergic innervation of the
rat cerebral cortex after destruction of the noradrenergic ascend-
ing pathways Brain Res 81:332-337

Brown MJ, Jenner DA ( 1981) Novel double-isotope technique for
enzymatic assay of catecholamines, permitting high precision,
sensitivity and plasma sample capacity Clin Sci 61: 591-598

Ciaraldi T, Marinetti GV ( 1977) Thyroxine and propylthiouracil
effects in vivo on alpha and beta adrenergic receptors in rat heart.
Biochem Biophys Res Commun 74: 984-991

Crow TJ, Baker HF, Cross AJ, Joseph MH, Lofthouse R, Longden A,
Owen F, Riley GJ, Glover V, Killpack WS ( 1979) Monoamine
mechanisms in chronic schizophrenia: Post-mortem neuro-
chemical findings Br J Psychiatr 134: 249-256

Fujita K, Ito T, Maruta K, Teradaira R, Beppu H, Nakagami Y, Kato Y,
Nagutso T, Kato T ( 1978) Serum dopamine-p-hydroxylase in
schizophrenic patients J Neurochem 30: 1569-1572

Haracz JL ( 1982) The dopamine hypothesis: An overview of studies
with schizophrenic patients Schizophr Bull 8: 438-469

Hartmann E ( 1976) Schizophrenia: A theory Psychopharmacology
49:1-15

Hoffman BB, Lefkowitz RJ ( 1980) Radioligand binding studies of
adrenergic receptors: New insights into molecular and physio-
logical regulation Ann Rev Pharmacol Toxicol 20: 521-608

Huber G ( 1966) Reine Defektsyndrome und Basisstadien endogener
Psychosen Fortschr Neurol Psychiatr 34: 409-426

Huber G ( 1972) Klinik und Psychopathologie der organischen
Psychosen In: Kisker KP, Meyer JE, M Uller C, Str 6 mgren E
(Hrsg) Psychiatrie der Gegenwart Forschung und Praxis, 2 Aufl,
Bd 11/2 Springer, Berlin Heidelberg New York, S 71-146

Huber G ( 1976) Indizien fuir die Somatosehypothese bei den Schizo-
phrenien, Fortschr Neurol Psychiatr 44: 77-94

Huber G ( 1981) Psychiatrie Systematischer Lehrtext fur Studenten
und Arzte 3 Aufl Schattauer, Stuttgart New York

Huber G ( 1983 a) Das Konzept substratnaher Basissymptome und
seine Bedeutung ffir Theorie und Therapie schizophrener Er-
krankungen Nervenarzt 54: 23-32

Huber G ( 1983 b) Newer concepts of basic disorders and basic
symptoms in endogenous psychoses: Introduction Symposion at
the VI Ith World Congress of Psychiatry, Vienna 1983 In: Berner
P (ed) The state of an art Plenum Press, London (in press)

Huber G, Penin H ( 1968) Klinisch-elektroencephalographische Kor-
relationsuntersuchungen bei Schizophrenen Fortschr Neurol
Psychiatr 36: 641-659

Huber G, Gross G, Schuittler R ( 1979) Schizophrenie Eine verlaufs-
und sozialpsychiatrische Langzeitstudie Monographien aus dem
Gesamtgebiete der Psychiatrie, Bd 21 Springer, Berlin Heidel-
berg New York

Ingbar SH, Woeber KA ( 1981) The thyroid gland In: Williams RH
(ed) Textbook of Endocrinology, 6th ed Saunders, Philadelphia,
pp 117-248

Johnstone EC, Crow TJ, Mashiter K ( 1977) Anterior pituitary
hormone secretion in chronic schizophrenia-an approach to
neurohumoral mechanisms Psychol Med 7: 223-228

Kleinman JE, Weinberger DR, Rogol AD, Bigelow LB, Klein ST,
Gillin JC, Wyatt RJ ( 1982) Plasma prolactin concentrations and
psychopathology in chronic schizophrenia Arch Gen Psychiatr
39: 655-657

Langer G, Sachar EJ, Gruen PH ( 1978) Prolactin response to neuro-
leptic drugs in normal and schizophrenic subjects Psycho-
pharmacol Bull 14: 8-12

Leblanc H, Lachelin GCL, Abu-Fadil S, Yen SSC ( 1976) Effect of
dopamine infusion on pituitary hormone secretion in humans.
J Clin Endocrinol Metab 43: 668-674

Loosen PT, Wilson IC, Prange A Jjr ( 1980) Endocrine and behavioral
changes in depression after thyrotropin-releasing hormone
(TRH) J Affect Disord 2: 267-278



12

Mackay AVP, Iversen LL, Rossor M, Spokes E, Bird E, Arregui A,
Creese I, Snyder SH ( 1982) Increased brain dopamine and
dopamine receptors in schizophrenia Arch Gen Psychiatr 39:
991-997

Marschner I, Wood WG, van Thiel D, Habermann J, K 6 nig A,
Scriba PC ( 1983) Vergleich dreier Ringversuche zur radio-
immunologischen Thyrotropin-Bestimmung nach dem
,,Muinchener Modell" J Clin Chem Clin Biochem 21:301-311

Martin JB, Reichlin S, Brown GM ( 1977) Clinical neuroendo-
crinology Contemporary neurology series Davies, Philadelphia

Massara F, Camanni F, Belforte L, Molinatti GM ( 1976) Dopamine
induced inhibition of prolactin on growth hormone secretion in
acromegaly Lancet I: 485

Meltzer HY, Busch D, Young M, Tricou BJ, Nasr SJ, Metz J, Fang
V ( 1980 a) Prolactin and growth hormone studies in schizophrenic
patients and normal controls In: Brambilla F, Racagni G,
de Wied D (eds) Progress in Neuroendocrinology Elsevier,
Amsterdam New York Oxford, pp 283-294

Meltzer HY, Nasr SJ, Tong C ( 1980 b) Serum dopamine-,B-hydroxy-
lase activity in schizophrenia Biol Psychiat 15: 781-788

Patel YC, Alfoerd FP, Burger HG ( 1972) The 24-hour plasma
thyrotrophin profile Clin Sci 43: 71-77

Penin H Gross G, Huber G ( 1982) Elektroenzephalographisch-
psychopathologische Untersuchungen in Basisstadien endo-
gener Psychosen In: Huber G (Hrsg) Endogene Psychosen: Dia-
gnostik, Basissymptome und biologische Parameter Schattauer,
Stuttgart New York, pp 247-264

Peuler JD, Johnson GA ( 1977) Simultaneous single isotope radio-
enzymatic assay of plasma norepinephrine, epinephrine and
dopamine Life Sci 21:625-636

Prange AJ jr, Wilson IC ( 1972) Thyrotropin releasing hormone
(TRH) for the immediate relief of depression Psychopharma-
cology 26: 82-84

Prange AJ jr, Loosen PT, Wilson IC, Meltzer HY, Fang VS ( 1979)
Behavioral and endocrine responses of schizophrenic patients
to TRH (Protirelin) Arch Gen Psychiatr 36 :1086-1093

Quijada M, Illner P, Krulich L, McCann SM ( 1973) The effect of
catecholamines on hormone release from anterior pituitaries and
ventral hypothalami incubated in vitro Neuroendocrinology
13: 151-163

Reichlin S ( 1981) Neuroendocrinology In: Williams RH (ed) Text-
book of Endocrinology, 6th ed Saunders, Philadelphia, pp
589-645

Schneider K ( 1980) Klinische Psychopathologie 12 Aufl, Thieme,
Stuttgart

Smith CK, Barish J, Correa J, Williams RH ( 1972) Psychiatric
disturbance in endocrinologic disease Psychosom Med 1: 69-86

Thierry AM, Blanc G, Sobel A, Stinus L, Glowinski J ( 1973)
Dopaminergic terminals in the rat cortex Science 182: 499-501

Whybrow PC, Prange AJ ( 1981) A hypothesis of thyroid-catechol-
amine-receptor interaction Arch Gen Psychiatr 38 :106-113

Wyatt RJ, Bigelow LB, Gillin JC ( 1979) Catecholamine related
substances and schizophrenia: A review In: Usdin E, Kopin IJ,
Barchas JD (eds) Catecholamines: Basic and clinical frontiers.
Pergamon Press, New York, pp 1820-1825

Received September 16, 1983


