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Summary. Psychoneuroendocrinology is of major importance in the biological 
research of depression. Most studies have focussed on the regulation of the 
hypothalamic-pituitary-adrenal (HPA) axis but other endocrine systems such 
as the hypothalamic-pituitary-thyroid (HPT), hypothalamic-pituitary-soma- 
totropic (HPS), and the hypothalamic-pituitary-gonadal (HPG) axis have also 
been shown to be involved in the psychobiology of depression. There are close 
interrelations between various endocrine axes which possibly are affected during 
depressive illness. 

A variety of neuroendocrine abnormalities has been detected in depressive 
disorder but the pathophysiology of these derangements remains still unclear. 
Although the currently used neuroendocrine tests are not of diagnostic validity 
they may help to clarify the pathophysiological significance of the complex 
regulatory mechanisms of different neuroendocrine axes in affective disorders. 
Neuroendocrine regulation is determined both by peripheral and central mech- 
anisms which both have to be adequately considered as well as potent inter- 
actions between various endocrine systems in further neuroendocrine depression 
research. 
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Introduction 

Psychoneuroendocrine research holds an important place in biological psychi- 
atry. The knowledge on this topic has expanded widely in recent years particulary 
concerning biological aspects of affective disorders. Moreover other diagnostic 
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entities such as schizophrenia, anorectic syndroms, alcoholism, Alzheimer's 
disease, etc. have been object to psychoneuroendocrine research. The present 
review aims to give an overview of some important neuroendocrine findings in 
the psychobiology of depression and to focus on some questions whose impli- 
cations are currently discussed among psychoneuroendocrinologists. 

The dexamethasone suppression test (DST) in depression 

The dexamethasone suppression test (DST) represents one of the most exten- 
sively studied biological phenomena in affective disorders. About twenty years 
ago it has been noted that pretreatment with an oral dose of 1 or 2 mg dexa- 
methasone leads to an inadequate suppressibility of plasma cortisol the day 
after dexamethasone administration in endogenous depression (Carroll et al., 
1968). 

Initially the DST has been reported to be highly specific for endogenous 
depression and to represent a "specific laboratory test for the diagnosis of 
melancholia" (Carroll, 1982). However, recent studies failed to reproduce the 
diagnostic utility of the DST (Berger and Klein, 1984), a review comprising the 
results from various research groups revealed a "mean sensitivity" of 40% and 
a "mean specificity" of 76% for the diagnosis of endogenous depression (Berger 
and Klein, 1984). 

It should be noted that after two decades of experience the DST cannot be 
considered as a specific marker for (endogenous) depression, however, cortisol 
nonsuppression following dexamethasone administration occurs significantly 
more frequently in depressed patients (Stokes et al., 1985). Cortisot nonsuppres- 
sion mostly is defined as a failure to suppress postdexamethasone cortisol to 
below 5 gg/dl. 

Positive DST results have also been reported in schizophrenia (Myers et 
al., 1984; Munro et al., 1984), in mania (Graham et al., 1982), schizoaffective 
psychosis (Greden et al., 1981), alcoholism (Kroll et al., 1983), dementia (Spar 
and Gerner, 1982), Parkinson's disease (Frochtengarten et al., 1987), psycho- 
sexual dysfunction (Rupprecht et al., 1988), etc. Moreover, cortisol nonsuppres- 
sion may also occur in healthy controls (Stokes et al., 1985). In addition, an 
abnormal resistance of cortisol to dexamethasone may be induced by multiple 
interference factors either of somatical or psychical nature such as weight loss 
(Berger and Klein, 1984), stress (Domisse et al., 1985), and acute hospitalization 
(Berger and Klein, 1984), etc. 

However, it has been suggested that a normalization of the DST may 
antecipate clinical improvement (Greden et al., 1983) whereas a reversat to 
inadequate cortisol suppression may indicate a clinical relapse (Greden et al., 
1983; Yerevanian et al., 1983). Investigations on the influence of severity of 
depression on the DST have produced conflicting results: Stokes et al. (1975), 
Sangal et al. (1984), and Klein et al. (1984) noted a positive correlation between 
postdexamethasone cortisol levels and the HRS-D score (Hamilton, 1960) but 
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others were unable to confirm these findings (Brown and Shuey, 1979; Saleem, 
1984). 

Various attempts have also been made to demonstrate associations between 
psychopathological symptoms and DST results. While "psychotic features" 
have been reported to be associated with cortisol nonsuppression (Carroll et 
al., 1980), no connections between anxiety, length of the present depressive 
episode and familiar history of depression (Klein et al., 1984) could be estab- 
lished. Moreover, the DST has been reported to predict the clinical response 
to choliniolytic and non-choliniolytic antidepressants (Beckmann et al., 1984). 

Assessments not only of cortisol but also of multiple corticosteroids during 
the DST have yielded an improvement in detection of adrenal hyperactivity 
reflected by a positive DST (Holsboer et al., 1982). 

In conclusion the DST failed either to be a specific marker for a depressive 
subtype or to be of diagnostic validity. Furthermore, there are no consistent 
associations between the DST results and psychopathological symptoms, al- 
though cortisol nonsuppression may represent a "state marker" in certain cases 
of depression. 

Cortisol levels in depression 

Hypersecretion of cortisol as noted in Cushing's syndrome is likely to be as- 
sociated with depression (Haskett, 1985). Typical affective syndroms meeting 
stringent psychopathological criteria may occur in patients with adrenocorticat 
tumors as well as in those with ACTH dependent Cushing's syndrome (Haskett, 
1985). Some years ago hyersecretion ofcortisol in depression has been described 
by several investigators (Gibbons, 1964; Sachar et al., 1970). Sachar et al. (1973) 
noted elevated 24 hour mean plasma cortisol levels as well as an enhanced 
number of secretory peaks during depressive episodes. Mendlewicz et al. (1982) 
found elevated morning baseline levels of cortisol in "primary depression" when 
compared with "secondary depression" which Carr et al. (1984) were unable 
to confirm. Elevated baseline cortisol in DST nonsuppressors has been observed 
by Fang et al. (1981) and by Kalin et al. (1982). An evaluation of the 24 hour 
profile of cortisol in major depressive illness by Linkowski et al. (1985) revealed 
a higher 24 hour mean cortisol level in patients when compared with normal 
controls and an advance of the nocturnal cortisol nadir of almost 3 hours. The 
hypercortisolism observed in this study was due to an enhanced magnitude of 
secretory peaks but not to an increased number of secretory episodes as sug- 
gested by Sachar et al. (1973). 

ACTH and I]-endorphin levels in depression 

In connection with discussions on the utility of the DST ACTH levels in de- 
pressive disorder have become an interesting object of research. However, the 
results reported by various authors differ quite considerably. A number of 
research groups have reported an increase in ACTH levels associated with 
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nonsuppression of cortisol (Reus et al., 1982; Nasr et al., 1983; Holsboer et 
al., 1984), while others were unable to reproduce these findings (Yerevanian et 
al., 1983). Pfohl et al. (1985) and Roy et al. (1986) observed elevated concen- 
trations of ACTH in depressive disorder, which were not found by Fang et al. 
(1981) and Linkowski et al. (1985). 

Studies on 13-endorphin in depression are even more inconsistent. Rish et 
al. (1982) and Norman et al. (1987) reported elevated, Nagel et al. (1981) 
decreased J3-endorphin values in depressive disorder, while Naber et al. (1982) 
found no differences in comparison with normal controls. K/irkk/iinen et at. 
(1987) described an elevated endogenous opioid activity ([3-endorphin plus ~- 
lipotropin) in depressed patients. A reduction in j3-endorphin concentrations 
after mianserin treatment (Drago et al., 1982) and in ACTH levels after recovery 
from depression (Yerevanian et al., 1983) has been noted. 

It has been suggested that ACTH and [3-endorphin might be secreted equi- 
molarly (Imura, 1985). Therefore a positive correlation between these two pep- 
tides and cortisol would be probable. Such a positive correlation as well as a 
diurnal variation was discussed by Govoni et al. (1984) but not by Fang et al. 
(1981) who found no correlation between ACTH and cortisol values. 

Investigations of the important question whether ACTH and ~-endorphin 
are sufficiently suppressed by dexamethasone during the DST have produced 
conflicting results owing to laboratory difficulties in ACTH and [3-endorphin 
measurement. Fang et al. (1981) and Roy et al. (1986) reported a pronounced 
reduction in ACTH after dexamethasone administration, Beck-Friis et al. (1985) 
only in cortisol nonsuppressors, while Lypka et al. (1985) found no effect of 
dexamethasone on ACTH levels. A suppressive effect of dexamethasone on ~- 
endorphin was noted by Krantz and Brown (1985) but Lypka et al. (1985) were 
unable to confirm these findings. 

Recent studies revealed an attenuated suppressibility also of t3-endorphin 
by dexamethasone in depressed patients (Norman et al., 1987; Meador-Wood- 
ruff et al., 1987) as well as a simultaneous inadequate suppression of ACTH 
and 13-endorphin following 1 mg dexamethasone in endogenous depressives 
when compared with non-endogenous depressive patients (Rupprecht et al., 
1988) suggesting a suprapituitary dysfunction of the HPA axis in depression. 

Evaluations of the 24 hour profiles of ACTH in major depressive illness 
revealed an increased 24 hour mean secretory pattern between depressed patients 
and normal controls (Linkowski et al., 1987) and an advance of the ACTH 
nadir similar to the cortisol nadir in patients suffering from depression (Lin- 
kowski et al., 1985). Moreover, ACTH and cortisol were secreted concomitantly 
in most of the subjects. After recovery from depression the timings of the 
circadian rhythms of the ACTH and cortisol were normalized (Linkowski et 
al., 1987). 

Together with reports of an increase in CRH immunoreactivity in the CSF 
of depressed patients (Nemeroff et al., 1984; Banki et al., 1987) it may be 
assumed that alterations of the HPA axis found in depression are most likely 
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to be localized at a suprapituitary site (Lesch et al., 1988; Lesch and Rupprecht, 
1989) though a functional hyperplasia of the adrenal gland may also play a 
role in this context (Kalin et al., 1987). 

Pituitary-gonadal axis in depression 

Only few data on the hypothalamic-pituitary-gonadal axis in depression are 
available owing to difficulties in evaluating the role of gonadotropins and 
gonadosteroids in female depressed patients in relation to their menstrual or 
postmenopausal state. LH levels were found to be lowered in postmenopausal 
women, while estradiol and FSH values showed no difference (Amsterdam et 
al., 1983). Moreover, an enhanced psychical vulnerability related to a decrease 
in gonadal steroids during the menstrual cycle has been described (Abramowitz 
et al., 1982). Although substitution of estrogens in depressed women may have 
an antidepressive property comparable to usually employed antidepressants in 
certain cases (Holsboer et al., 1983), affective disorders in female patients cer- 
tainly do not represent only a kind of estrogen deficiency syndrome. 

Several studies in depressed men revealed a reduction of testosterone levels 
(Vogel et al., 1978; Rubin et al., 1981; Yesavage et al., 1985), however Sachar 
et al. (1973) found no difference in plasma testosterone before and after recovery. 
Investigations on gonadotropins in male depressive patients have provided 
conflicting results. 

Moreover, findings on gonadotropins after challenge with GnRH in affective 
illness have been contradictory. Some authors noted a blunted gonadotropin 
response to GnRH in depression (Brambilla et al. 1978; Linnoila et al., 1979) 
which others were unable to confirm (Amsterdam et al., 1981; Winokur et al., 
t982; Amsterdam et al., 1983). Also an exaggerated response of LH to GnRH 
has been observed (Ettigi et al., 1979). 

Recent investigations on the gonadotropin and gonadosteroid response to 
dexamethasone during the 1 mg DST revealed an increase in testosterone and 
LH after dexamethasone administration in patients with psychosexual dys- 
function suffering from dysthymic disorder in contrast to normal controls 
(Rupprecht et al., 1988). 

Further research seems to be necessary to clarify the implications of the 
hypothalamic-pituitary-gonadal axis in depression. 

Prolaetin levels in depression 

In comparison with the HPA axis which has been studied thoroughly in the 
last two decades, prolactin has found only little interest in the biological research 
of depression. Reasons therefore might be the influence of age and sex, the 
great interindividual variability of prolactin levels as well as a certain intrain- 
dividual inconsistence which may be induced by multiple interference factors 
either of somatical or psychical nature (Cohen, 1983). 



172 R. Rupprecht and K.-P. Lesch 

Judd et al. (1982) reported a small reduction of prolactin levels whereas 
Meltzer et al. (1982) found no significant difference in comparison with normal 
controls. Even a small elevation of prolactin has been described (Halbreich et 
al., 1979). Lisanski et al. (1984) noted a certain rise in prolactin concentrations 
after recovery from major depressive disorder. 

An evaluation of the 24 hour profile of prolactin in depression detected 
striking differences between unipolar and bipolar patients (Mendlewicz et al., 
1980). While an increased secretion during wakefulness was observed in uni- 
polars, bipolars showed a lack of sleep associated elevation resulting in lower 
baseline levels. 

Joyce et al. (1985) noted a significant correlation between postdexametha- 
sone cortisol and prolactin levels. Moreover, studies on the influence of dexa- 
methasone on prolactin in depression revealed a suppressive effect of dexa- 
methasone (Meltzer et al., 1982; Klein et al., 1984) with an attenuated sup- 
pressibility of prolactin in endogenous depression when compared with non- 
endogenous depression or healthy controls (Rupprecht et al., 1987). 

Triiodothyronine (T 3), thyroxine (T 4), and TSH levels in depression 

Investigations on thyroid function in depression have become an interesting 
object of research. Spratt et al. (1982) observed slightly lowered levels of T 3 
in psychiatric patients, while reverse T 3 concentrations were reported to be 
elevated both in serum and in CSF in depressive subgroups (Linnoila et al., 
1983). Recent studies revealed lower TSH but normal T 3 and T 4 concentrations 
during depression (Unden et al., 1986). Decreased levels of free T 3 but not of 
free T 4 in unipolar depression in comparison with normal controls were de- 
scribed by Orsulak et al. (1985). 

The clinical relevance of low T 3 levels during depressive episodes is sup- 
ported by reports of a better response of depressed patients to tricyclic anti- 
depressants applicating T 3 simultaneously (Earle et al., 1970; Feighner et al., 
1972; Prange et al., 1984). Moreover, it has been suggested that the peripheral 
conversion of T4 to T 3 might be disturbed (Orsulak et al., 1985) as noted in 
low T 3 syndromes (Hershman et al., 1983). Recent investigations on T 3, T4, 
and TSH levels during the DST in depression revealed a marked suppressibility 
of T 3 and TSH by dexamethasone in healthy controls and recovered subjects 
in contrast to the depressive episode indicating that the low T 3 syndrome in 
depression might be related to the effect of glucocorticoids (Rupprecht et al., 
1988). 

Dexamethasone bioavailability in depression 

Since the DST has found considerable interest in psychoneuroendocrine de- 
pression research, studies on dexamethasone pharmacokinetics seem to be im- 
portant in this context. 

Early investigations on the dexamethasone bioavailability were not able to 
detect an association between dexamethasone levels and the DST results in 
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depression (Carroll et al., 1980; Rubin et al., 1980). However, more recently 
several studies have reported lower circulating dexamethasone levels in non- 
suppressors compared with suppressors (Berger et al., 1984; Morris et al., 1986). 

"Mean dexamethasone levels" comprising several studies were significantly 
lower in cortisol nonsuppressors than in suppressors both at 7 p.m. and at 4 a.m. 
after dexamethasone administration (Arana et al., 1985) indicating that dexa- 
methasone bioavailability may actually represent a pathogenetic mechanism for 
inadequate cortisol suppression. Moreover, a shortened half-life for dexameth- 
asone has been observed in nonsuppressors pointing to an enhanced elimination 
of dexamethasone in depression rather than to an impaired gastrointestinal 
absorption (Holsboer et al., 1986). A detailed review on this topic has recently 
appeared (Lowy and Meltzer, 1987). 

Glucocorticoid receptors in depression 

Not only peripheral, pituitary and hypothalamic hormone levels but also glu- 
cocorticoid receptor density and affinity might be an important factor in the 
regulation of the HPA axis in depression. Excess of glucocorticoid secretion 
has been shown to decrease the number of glucocorticoid receptors both in the 
hippocampus (Tornello et al., 1982) and the pituitary (Svec et al., 1981). 

For reasons of the hypercortisolism reported in depressive disorder, recent 
investigations on glucocorticoid receptor density on lymphocytes revealed a 
lower number of receptor sites in depressed patients (Schlechte et al., 19'85; 
Gormley et al., 1985; Whalley et al., 1986). Moreover, dexamethasone has been 
demonstrated to decrease the lymphocyte cytoplasmatic receptor number in 
cortisol suppressors only, whereas no such change occurred in cortisol non- 
suppressors (Gormley et al., 1985). These results may be important for the 
attenuated response not only of the HPA axis but also of other endocrine 
systems to dexamethasone in affective illness. 

References 

Abramowitz ES, Baker AH, Fleischer SF 0982) Onset of depressive psychiatric crisis and 
the menstrual cycle. Am J Psychiatry 139:475-478 

Amsterdam JD, Winokur A, Caroff S, Synder P (1981) Gonadotropin release after ad- 
ministration of GnRH in depressed patients and healthy volunteers. J Affective Dis 3: 
367-380 

Amsterdam JD, Winokur A, Lucki I, Synder P (1983) Neuroendocrine regulation in de- 
pressed postmenopausal women and healthy subjects. Acta Psychiatr Scand 67:4349 

Arana GW, Baldessarini R J, Ornsteen M (1985) The dexamethasone suppression test for 
diagnosis and prognosis in psychiatry. Commentary and review. Arch Gen Psychiatry 
42:1193-1204 

Banki CM, Bissette G, Arato M, O'Connor L, Nemeroff CB (1987) CSF corticotropin- 
releasing factor-like immunoreactivity in depression and schizophrenia. Am J Psychiatry 
144:873-877 

Beck-Friis J, Ljunggren JG, Thoren M, v Rosen D, Kjellman BF, Wetterberg L (1985) 
Melatonin, cortisol and ACTH in patients with major depressive disorder and healthy 



174 R. Rupprecht and K.-P. Lesch 

humans with special reference to the outcome of the dexamethasone suppression test. 
Psychoneuroendocrinology 10:173-186 

Beckmann H, Holzmiiller B, Fleckenstein P (l 984) Clinical investigations into antidepressive 
mechanisms: dexamethasone suppression test predicts response to nomifensine or 
amitriptyline. Acta Psychiatr Scand 70:342-353 

Berger M, Klein HE (1984) Der Dexamethason Suppressionstest: Ein biologischer Marker 
der endogenen Depression? Eur Arch Psychiatr Neurot Sci 234:137-146 

Berger M, Pirke KM, Doerr P, Krieg JC, Zerrssen D (1984) The limited utility of the 
dexamethasone suppression test for the diagnostic process in psychiatry. Br J Psychiatry 
145:372-382 

Brambilla F, Smeraldi E, Sachetti E, Negri F, Cocchi D, Muller EE (1978) Deranged 
anterior pituitary responsiveness to hypothalamic hormones in depressed patients. Arch 
Gen Psychiatry 35:1231-1238 

Brown WA, Shuey I (1979) Response to dexamethasone and subtype of depression. Arch 
Gen Psychiatry 37:747-751 

Carr DB, Wool C, Lydiard B, Fisher J, Gelenberg A, Klerman G (1984) Rate-sensitive 
inhibition of ACTH release in depression. Am J Psychiatry 141:590-592 

Carroll BJ (1982) The dexamethasone suppression test for melancholia. Br J Psychiatry 
140:292-304 

Carroll B J, Martin FI, Davis BM (1968) Resistance to suppression by dexamethasone of 
plasma 11-OHCS levels in severe depressive illness. Br Med J 3:285-287 

Carroll B J, Greden JF, Feinberg M (1980) Neuroendocrine dysfunction in genetic subtypes 
of primary unipolar depression. Psychiatry Res 2:251-258 

Carroll B J, Schroeder K, Mukopadhyay S, Greder JF, Feinberg M, Ritchie J, Tarika J 
(1980) Plasma dexamethasone concentrations and cortisol suppression response in 
patients with endogenous depression. J Clin Endocrinol Metab 51:433-437 

Ceulemans DLS, Westenberg, HGM, van Praag HM (1985) The effect of stress on the 
dexamethasone suppression test. Psychiatry Res 14:189-195 

Cohen MR (1983) Prolactin studies in normals: implications for clinical research. Psychiatry 
Res 8:299-310 

Dommisse CS, Hayes PE, Kwentus JA (1985) Effect of estrogens on the dexamethasone 
suppression test in nondepressed women. J Clin Psychopharmacol 5:315-319 

Drago F, Wiegant VM, Sapienza G, Aguglia E, Rapisarda V, Scapargnini (1982) Mianserin 
reduces plasma levels of 13-endorphin immunoreactivity in depressed patients. Exper- 
ientia 38:685-686 

Earle BV (t970) Thyroid hormone and tricyclic antidepressants in resistant depressions. 
Am J Psychiatry 126:143-145 

Ettigi PG, Brown GM, Seggie JA (1979) TSH and LH response in subtypes of depression. 
Psychosom Med 41:203-208 

Fang VS, Tricou B J, Robertson A, Meltzer HY (198t) Plasma ACTH and cortisol levels 
in depressed patients: relation to the dexamethasone suppression test. Life Sci 29:931- 
938 

Feighner JP, King LJ, Schuckit MA, Croughan J, Briscoe W (1972) Hormonal potentiation 
of imipramine and ECT in primary depression. Am J Psychiatry 128:1230-1238 

Frochtengarten ML, Villares JCB, Maluf E, Carlini EA (1987) Depressive symptoms and 
the dexamethasone suppression test in parkinsonian patients. Biol Psychiatry 22: 386- 
389 

Gibbons JL (1964) Cortisol secretion rate in depressive illness. Arch Gen Psychiatry 10: 
572-575 

Gormley GJ, Lowy MT, Reder AT, Hospelhorn VG, Antel JP, Meltzer HY (1985) Glu- 
cocorticoid receptors in depression: relationship to the dexamethasone suppression test. 
Am J Psychiatry 142:1278-1284 



Neuroendocrine findings in depression 175 

Govoni S, Pasinetti G, Inzoli MR, Rozzini R, Trabucchi M (1984) Correlation between 
f3-endorphin/~3-1ipotropin-immunoreactivity and cortisol plasma concentrations. Life 
Sci 35:2549-2552 

Graham PM, Booth H, Boranga G, Galhenage S, Myers CM, Teoh CL, Cox LS (1982) 
The dexamethasone suppression test in mania. J Affective Disord 4:201-211 

Greden JF, Kronfol Z, Gardner R, Feinberg M, Carroll BJ (1981) Neuroendocrine eval- 
uation of schizoaffectives with the dexamethasone suppression test. Biol Psychiatry 16: 
461-464 

Greden JF, Gardner R, King D, Grunhaus L, Kronfol Z, Carroll BJ (1983) Dexamethasone 
suppression tests in antidepressant treatment of melancholia. The process of normal- 
ization and test-retest reproducibility. Arch Gen Psychiatry 40:493-500 

Halbreich U, Grunhaus L, Ben-David M (1979) 24-hour rhythm of prolactin in depressive 
patients. Arch Gen Psychiatry 36:1183 1186 

Hamilton M (1960) A rating scale for depression. J Neurol Neurosurg Psychiatry 23: 56- 
62 

Haskett RF (1985) Diagnostic categorization of psychiatric disturbance in Cushing's syn- 
drome. Am J Psychiatry 142:911-916 

Hershman JM, Pardridge WM, Nicoloff JT (1983) Thyroid function in nonthyroidal illness. 
Ann Intern Med 98:946-947 

Holsboer F, Doerr HG, Sippell WG (1982) Dexamethasone suppression of 11-deoxycor- 
ticosterone, corticosterone and cortisol in depressed female patients and normal con- 
trols. Acta Psychiatr Scand 66:18-25 

Holsboer F, Benkert O, Demisch L (1983) MAO activity during estrogen treatment of 
females with endogenous depression. Mod Probl Pharmacopsychiatry 19:321-326 

Holsboer F, Doerr HG, Gerken A, Miiller OA, Sippell WG (1984) Cortisol, ll-deoxy- 
cortisol, and ACTH concentrations after dexamethasone in depressed patients and 
healthy volunteers. Psychiatry Res 11:15-23 

Holsboer F, Wiedemann K, Boll E (1986) Shortened dexamethasone half-life time in 
depressed nonsuppressors. Arch Gen Psychiatry 43: 813-815 

Imura H (1985) ACTH and related peptides: molecular biology, biochemistry and regulation 
of secretion. Clin Endocrinol Metab 14:845-886 

Judd LL, Rish SC, Parker DC, Janowski D, Segal D, Huey L (1982) Blunted prolactin 
response-neuroendocrine abnormality manifested by depressed patients. Arch Gen Psy- 
chiatry 39:1413-1416 

Joyce PR, Donald RA, Livesey JH (1985) A relationship between prolactin levels and the 
dexamethasone suppression test in major depressive disorder. J Affective Disord 8: 
191-195 

K~irkk/iinen J, Laatikainen T, Naukkarinen H, Salminen K, Spoov J, Stenman U-H, Rimon 
R (1987) Plasma endogenous opioids and dexamethasone suppression test in depression 
Psychiatry Res 21:151-159 

Kalin NH, Weiler S J, Shelton SE (1982) Plasma ACTH and cortisol concentrations before 
and after dexamethasone. Psychiatry Res 7:87-92 

Kalin NH, Dawson G, Tariot P, Shelton S, Barksdale C, Weiler S, Thienemann M (1987) 
Function of the adrenal cortex in patients with major depression. Psychiatry Res 22: 
117-125 

Klein HE, Seibold B, Bender W, Nedopil N, Albus M, Schmauss M (1984) Postdexameth- 
asone prolactin and cortisol: a biological state variable in depression. Acta Psychiatr 
Scand 70:239-247 

Klein HE, Bender W, Mayr H, Nicderschweiberer A, Schmauss M (1984) The DST and 
its relationship to psychiatric diagnosis, symptoms and treatment outcome. Br J Psy- 
chiatry 145:591-599 

Krantz DE, Brown WA (1985) Dexamethasone suppresses beta-endorphin in humans. 
Psychoneuroendocrinology 10:211-214 



176 R. Rupprecht and K.-P. Lesch 

Kroll P, Palmer C, Greden JF (1983) The dexamethasone suppression test in patients with 
alcoholism. Biol Psychiatry 18:441-450 

Lesch KP, Laux G, Schulte HM, Pfiiller H, Beckmann H (1988) Corticotropin and cortisol 
response to human corticotropin releasing hormone as a probe for hypothalamic- 
pituitary-adrenal system integrity in major depressive disorder. Psychiatry Res 24: 25- 
34 

Lesch KP, Rupprecht R (1989) Psychoneuroendocrine research in depression [I: hormonal 
response to releasing hormones as a probe for hypothalamic-pituitary-endorgan dys- 
function. J Neural Transm 75:17%194 

Linkowski P, Mendlewicz J, Leclercq R, Brasseur M, Hubain P, Golstein J, Copinschi G, 
van Cauter E (1985) The 24-hour profile of adrenocorticotropin and cortisol in major 
depressive illness. J Clin Endocrinol Metab 61:42%438 

Linkowski P, Mendlewicz J, Kerkhofs M, Leclercq R, Golstein J, Brasseur M, Copinschi 
G, van Cauter E (1987) 24-hour profiles of adrenocorticotropin, cortisol, and growth 
hormone in major depressive illness: effect of antidepressant treatment. J Clin Endo- 
crinol Metab 65:141-152 

Linnoila M, Lamberg BA, Rosberg G, Karonen SL, Welin MG (1979) Thyroid hormones 
and TSH, prolactin and LH responses to repeated TRH and LRH injections in depressed 
patients. Acta Psychiatr Scand 59:536-544 

Linnoila M, Cowdry R, Bror-Axel L, Makinen T, Rubinow D (1983) CSF triiodothyronine 
(rT 3) levels in patients with affective disorders. Bid Psychiatry 18:t489-1492 

Lisansky J, Fava GA, Buckman MT, Kellner R, Fava M (1984) Prolactin, arnitryptiline 
and recovery from depression. Psychopharmacology 84:331-335 

Lowy MT, Meltzer HY (1987) Dexamethasone bioavailability: implications for DST re- 
search. Biol Psychiatry 22:373-385 

Lypka A, Szcdulik A (1985) Dexamethasone suppresses cortisol but not ACTH and 13- 
endorphin plasma concentrations in healthy man. Hormon Metab Res 17:547 

Meador-Woodruff JH, Haskett RF, Grunhaus L, Akil H, Watson S J, Greden JF (1987) 
Postdexamethasone plasma cortisol and 13-endorphin levels in depression: relationship 
to severity of illness. Biol Psychiatry 22:1137-1150 

Meltzer HY, Fang VS, Tricou BJ, Robertson A, Piyaka SK (1982) Effect of dexamethasone 
on plasma prolactin and cortisol levels in psychiatric patients. Am J Psychiatry 139: 
763-769 

Mendlewicz J, van Cauter E, Linkowsky P, L'Hermite M, Robyn C (!980) The 24-hour 
profile of prolactin in depression. Life Sci 27:2015-2024 

Mendlewicz J, Charles G, Franckson JM (1982) The dexamethasone suppression test in 
affective disorder: Relationship to clinical and genetic subgroups. Br J Psychiatry 141 : 
464--470 

Morris H, Carr V, Giltiland J, Hooper M (1986) Dexamethasone concentrations and the 
dexamethasone suppression test in psychiatric disorders. Br J Psychiatry 148:66-69 

Munro JG, Hardiker TM, Leonard DP (1984) The dexamethasone suppression test in 
residual schizophrenia with depression. Am J Psychiatry 141:250-252 

Myers ED (1984) Serial dexamethasone suppression tests in male chronic schizophrenic 
patients. Am J Psychiatry 141:904-905 

Naber D, Pickar D, Post RM, v Kammen DP., Walters RN, Ballenger JC, Goodwin FK, 
Bunney WD (1981) Endogenous opioid activity and 13-endorphin immunoreactivity in 
CSF of psychiatric patients and normal volunteers. Am J Psychiatry 138:1457=1462 

Nagel J, Tegeler J, Goertz B (1982) Serum Konzentrationen des [3-Endorphins bei schi- 
zophrenen und depressiven Erkrankungen. Nervenarzt 62:659-663 

Nasr S J, Rodgers C, Pandey G, Altmann EG, Gaviria FM, Davies JM (1983) ACTH and 
the dexamethasone suppression test in depression. Biol Psychiatry 18:106%1073 

Nemeroff JB, Widerl6v E, Bisette G, Walleus H, Karlsson I, Eklund K, Kilts CD, Loosen 



Neuroendocrine findings in depression 177 

P, Vale W (1984) Elevated concentrations of CSF corticotropin-releasing-factor-like 
immunoreactivity in depressed patients. Science 226: 1342-1343 

Norman TR, Piperoglou M, McIntyre I, Lynch C, Burrows GD (1987) Plasma immu- 
noreactive 13-endorphin in dexamethasone suppressors and non-suppressors of cortisol. 
J Affective Disord 12:233 239 

Orsulak PJ, Crowley G, Schlesser MA, Giles D, Fairchild C, Rush AJ (1985) Free tri- 
iodothyronine (T 3) and thyroxine (T 4) in a group of unipolar depressed patients and 
normal subjects. Biol Psychiatry 20:1047-1057 

Pfohl B, Sherman B, Schlechte J, Winokur G (1985) Differences in plasma ACTH and 
cortisol between depressed patients and normal controls. Biol Psychiatry 20:1055 
1072 

Prange AL, Loosen PT, Wilson IC, Lipton MA (1984) The therapeutic use of hormones 
of the thyroid axis in depression. In: Post RM, Ballenger JC (eds) Neuroendocrinology. 
Williams & Wilkins, Baltimore, pp 311-322 

Reus VI, Joseph MS, Dallman MF (1982) ACTH levels after the dexamethasone suppression 
test in depression. N Engl J Med 306:238-239 

Rish SC (1982) 13-endorphin hypersecretion in depression: possible cholinergic mechanisms. 
Biol Psychiatry 17:1071 1079 

Roy A, Gold P, Pickar D, Wolkowitz OM, Chrousos G, Paul SM (1986) Pre- and post- 
dexamethasone ACTH levels in depressed patients and normal controls. J Affective 
Disord 10:95-99 

Rubin RT, Poland RE, Blodgett ALN, Winston RA, Forster B, Carroll BJ (1980) Cortisol 
dynamics and dexamethasone pharmacokinetics in primary endogenous depression: 
preliminary findings. In: Brambilla F, Racagni G, de Wied D (eds) Progress in psy- 
choneuroendocrinology. Elsevier/North-Holland Biomedical Press, Amsterdam, pp 
223-234 

Rubin RT, Poland RE, Tower BB, Hart PA, Blodgett ALN, Forster B (1981) Hypothalamo- 
pituitary-gonadal function in primary endogenously depressed men: preliminary find- 
ings. In: Fuxe K, Gustafsson JA, Wetterberg L (eds) Steroid hormone regulation of 
the brain. Pergamon Press, Oxford, pp 387-396 

Rupprecht R, Barocka A, Jecht E, Noder M, Pichl J, Schwarz W (1987) Prolactin response 
to dexamethasone: a study on normal controls and depressed patients. Acta Psychiatr 
Scand 76:139-143 

Rupprecht R, Noder M, Jecht E, Rupprecht C, Rupprecht M, Schwarz W, Diepgen T 
(1988) Pre- and postdexamethasone cortisol and prolactin levels in sexual dysfunction 
and normal controls. Biol Psychiatry 23:527-530 

Rupprecht R, Barocka A, Beck G, Schrell U, Pichl J (1988) Pre- and postdexamethasone 
plasma ACTH and 13-endorphin levels in endogenous and non-endogenous depression. 
Biol Psychiatry 23:531-535 

Rupprecht R, Noder M, Jecht E, Schwarz W, Rupprecht C, Rupprecht M, Diepgen T 
(1988) Gonadal steroid and gonadotropin response to dexamethasone: a study in sexual 
dysfunction and normal controls. J Neural Transm 71:227-234 

Rupprecht R, Rupprecht C, Rupprecht M, Noder M, Mahlstedt J (1988) Triiodothyronine, 
thyroxine and TSH response to dexamethasone in depressed patients and normal con- 
trols. Biol Psychiatry (in press) 

Sachar E J, Hellman L, Fukashima DK (1970) Cortisol production in depressive illness: a 
clinical and biochemical classification. Arch Gen Psychiatry 23:28%298 

Sachar EJ, Halpern F, Rosenfeld RS, Gallagher TF, Hellman L (1973) Plasma and urinary 
testosterone levels in depressed men. Arch Gen Psychiatry 28:15-18 

Sachar EJ, Hellmann L, Roffwarg H, Halpern F, Fukushima DK, Gallagher D (1973) 
Disrupted 24-hour patterns of cortisol secretion in psychogenic depression. Arch Gen 
Psychiatry 28:19 



178 R. Rupprecht and K.-P. Lesch: Neuroendocrine findings in depression 

Saleem PT (1984) Dexamethasone suppression test in depressive illness: its relation to 
anxiety symptoms. Br J Psychiatry 144:181-184 

Sangal R, Correa EI, DePaulo JR (1984) Depression and anxiety inventories and the 
dexamethasone suppression test. Biol Psychiatry 19: 1207-1213 

Schlechte JA, Sherman B (1985) Lymphocyte glucocorticoid receptor binding in depressed 
patients with hypercortisolemia. Psychoneuroendocrinology 10:469-474 

Spar JE, Gerner R (1982) Does the dexamethasone suppression test distinguish dementia 
from depression? Am J Psychiatry 139:238-240 

Spratt DI, Pont A, Miller MB (1982) Hyperthyroxinemia in patients with acute psychiatric 
disorders. Am J Med 73:41-47 

Stokes PE, Pick GR, Stoll PM (1975) Pituitary adrenal function in depressed patients: 
resistance to dexamethasone suppression. J Psychiatry Res 12:271-281 

Stokes PE, Stoll PM, Koslow SH, Maas JW, Davis JM, Swarm AC, Robins E (1985) 
(letter). Arch Gen Psychiatry 42:202-204 

Svec F, Rudis M (1981) Glucocorticoids regulate the glucocorticoid receptor in the ArT- 
20 cell. J Biol Chem 256:5984-5987 

Tornello S, Orti E, De Nicola AF (1982) Regulation of glucocorticoid receptors in brain 
by corticosterone treatment of adrenalectomized rats. Neuroendocrinology 35: 411- 
417 

Unden F, Ljunggren J-G, Kjellman BF, Beck-Friis J, Wetterberg L (1986) Twenty-four- 
hour serum levels and decreased TSH response to TRH in affective disorders. Acta 
Psychiatr Scand 73:358-365 

Vogel W, Klaiber EL, Broverman DM (1978) Roles of the gonadal steroid hormones in 
psychiatric depression in men and women. Prog Neuropsychopharmacol 2:487-503 

Whalley L J, Borthwick N, Copolov D, Dick H, Christie JE, Fink G (1986) Glucocorticoid 
receptors and depression. Br Med J 292:859-861 

Yerevanian BI, Olafsdottir H, Milanese E, Russotto J, Mallon P, Baciewicz G, Sagi E 
(1983) Normalization of the dexamethasone suppression test at discharge from hospital. 
J Affective Disord 5:191-197 

Yerevanian BI, Woolf PD, Iker HP (1983) Plasma ACTH levels in depression before and 
after recovery: relationship to the dexamethasone suppression test. Psychiatry Res 10: 
175-181 

Yesavage JA, Davidson J, Widrow L, Berger PA (1985) Plasma testosterone levels, de- 
pression, sexuality and age. Biol Psychiatry 20:222-225 

Authors' address: Dr. R. Rupprecht, Department of Psychiatry, University of Wfirz- 
burg, Ffichsleinstrasse 15, D-8700 Wfirzburg, Federal Republic of Germany. 

Received January 11, 1988 


