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p  !  0.001, p  !  0.03, respectively). There was a positive asso-
ciation between duration of disease and cortisol/DHEA-S ra-
tio and cortisol level.  Conclusion:  The data show that schizo-
phrenia is associated with abnormal levels of cortisol, 
DHEA-S, NO and AM.  Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 Both clinical and biological data indicate that schizo-
phrenic patients have impaired biological response to 
stress  [1] . Despite evidence of elevated cortisol levels in 
schizophrenia, no well-replicated findings have emerged. 
More recently, research has been conducted on neurohor-
monal indicators of stress responsivity, particularly cor-
tisol release resulting from activation of the hypothalam-
ic-pituitary-adrenal (HPA) system  [1] . Both the behav-
ioral and biological data indicate that stress worsens 
schizophrenic symptoms and that the disorder is associ-
ated with a heightened response to stressors  [1] . A neural 
mechanism for these phenomena is suggested by the aug-
menting effect of the HPA system on dopamine synthesis 
and receptors. Assuming that the diathesis for schizo-
phrenia involves an abnormality in dopamine receptors, 

 Key Words 
 Schizophrenia  �  Cortisol  �  Adrenomedullin  �  Nitric oxide  �  
Dehydroepiandrosterone sulfate 

 Abstract 
  Objective:  To investigate the levels of serum cortisol, dehy-
droepiandrosterone sulfate (DHEA-S), nitric oxide (NO) and 
adrenomedullin (AM) in schizophrenic patients.  Subjects 
and Methods:  Sixty-six male patients with chronic schizo-
phrenia and 28 normal male subjects participated in this 
study. The duration of disease was 145  8  120 (mean  8  SD) 
months. Serum levels of cortisol and DHEA-S were measured 
by electrochemiluminescence; plasma nitrite levels as an in-
dex of NO were measured with the Griess reaction, while 
plasma AM concentration was measured by using high-per-
formance liquid chromatography.  Results:  Patients (12.48  8  
3.2  � g/dl), as compared to controls (10.31  8  3.1  � g/dl), had 
higher levels of baseline cortisol (p  !  0.05). DHEA-S levels 
were lower in patients though this did not reach statistical 
significance (302  8  156  � g/dl compared to control, 322  8  
96  � g/dl, p  1  0.05). The mean levels of plasma AM and NO in 
the schizophrenic group (44.33  8  5.07 pmol/l and 36.27  8  
17.6  � mol/l) were significantly higher than the levels in the 
control group (14.56  8  4.03 pmol/l and 32.54  8  7.14  � mol/l; 
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it is proposed that the HPA axis acts to potentiate schizo-
phrenic systems by means of its effects on dopamine. De-
hydroepiandrosterone (DHEA) and its conjugate ester, 
dehydroepiandrosterone sulfate (DHEA-S), are abun-
dant steroids in the circulation  [2] . Brain DHEA(-S) lev-
els exceed their respective concentrations in plasma. Only 
recently have they been recognized as neuroactive ste-
roids and in fact, in the brain they interact with mem-
brane receptors, such as N-methyl- D -aspartate and  � -
aminobutyric acid receptors, and with the genomic an-
drogen receptor  [2] . Moreover, the brain is not only the 
target tissue for neuroactive steroids, but may itself pro-
duce them de novo from cholesterol in glia cells and in 
neurons. Although most of the biochemical pathways in-
volved in the synthesis of neurosteroids in the brain and 
periphery have been identified, the mechanisms that reg-
ulate the activity of the neurosteroid-producing cells are 
still largely unknown  [1, 2] .

  Basic and clinical studies are ongoing to assess the role 
of DHEA in normal physiological aging, as well as in var-
ious pathophysiological states (e.g. atherosclerosis, rheu-
matoid arthritis, osteoporosis, adrenal insufficiency, 
polycystic ovarian syndrome and schizophrenia)  [2] . 
Low levels of DHEA are also associated with Alzheimer’s 
disease, multi-infarct dementia and anxiety  [2–5] . While 
many reports have demonstrated the effects of DHEA on 
neural, endocrine, immune and metabolic systems, the 
relevance of this neuroactive steroid to psychiatric disor-
ders is still not well known.

  Recently, research has focused on the biochemical and 
molecular actions of nitric oxide (NO) in normal condi-
tions as well as its potential alteration in pathological 
conditions like schizophrenia  [6, 7] . Evidence is accumu-
lating for a possible role of NO in schizophrenia. The for-
mation of NO is catalyzed by the enzyme nitric oxide 
synthase (NOS) that is present in a variety of cell types. 
NO can also be considered an atypical neurotransmitter 
in the nervous system and therefore it seems more appro-
priate to describe it as a second messenger or hormone. 
NO is a soluble gas produced by the activity of an enzyme 
found in neurons  [6] . It has been implicated in a great 
number of normal physiological functions, such as nor-
adrenaline and dopamine release, memory and learning, 
regulation of the cerebrovascular system, modulation of 
wakefulness and nociception, olfaction, food intake, and 
drinking, as well as pathologies such as Alzheimer’s, 
Huntington’s disease, cerebral ischemia and stroke  [6] .

  Adrenomedullin (AM), a recently discovered 52-ami-
no acid peptide hormone, has biological actions on vari-
ous organs, most of which appear to be involved in the 

regulation of cardiovascular function and body fluid 
electrolyte homeostasis. This peptide may also be impor-
tant both as a paracrine and autocrine factor, and may 
serve as a classical circulating hormone. Human AM 
mRNA was observed in pheochromocytoma, adrenal 
medulla, heart ventricle, kidney, lung, pancreas, and 
brain. AM induces vasorelaxation by activating adenylate 
cyclase and also by stimulating the release of NO. On the 
other hand, AM, which is also a neurotransmitter, pos-
sesses an immune function in the brain; NO and AM also 
function in the regulation of the HPA system  [7] .

  The aim of this study was, first, to compare the levels 
of serum cortisol, DHEA-S, NO and AM in schizophren-
ic patients with those of normal subjects, and, second, to 
determine the degree of correlation between the levels of 
these chemicals and the levels of psychopathology/dis-
tress in these patients.

  Subjects and Methods 

 Subjects 
 Sixty-six male patients (mean age = 33.6  8  11 years) with 

schizophrenia and 28 normal male subjects (mean age = 34.4  8  
12 years) participated in this study. The patients were enrolled 
from the Psychiatric Clinic, University of Gaziantep Hospital, 
Gaziantep, Turkey. The study was approved by the local ethics 
committee. The Psychiatric Ethics Committee, Gaziantep Uni-
versity Hospital approved the study. A complete description of the 
study was   given to each patient, patient’s relatives and the hospital 
authority and to control subjects. All patients were taking stable 
doses of one of the neuroleptics (haloperidol, chlorpromazine, 
thioridazine, fluphenazine, zuclopenthixole). The treatment pro-
tocol of patients with relatively low or high doses of antipsychot-
ics, expressed in chlorpromazine equivalents, was investigated in 
order to see the effects of low ( ! 400 mg/day) or high ( 1 400 mg/
day) doses of neuroleptics on total nitrite and AM levels. A DSM-
IV diagnosis of chronic schizophrenia was established on the ba-
sis of independent clinical interviews and review of the patient 
records by 2 psychiatrists using the Brief Psychiatric Rating Scale 
(BPRS), The Scale for the Assessment of Negative Symptoms 
(SANS) and The Scale for the Assessment of Positive Symptoms 
(SAPS)  [8] . Patients and controls with a history of chronic sys-
temic diseases such as diabetes mellitus, hypertension, severe 
head injury or seizure and inflammatory disease were excluded 
from the study. Inclusion criteria were: age between 18 and 55 
years, no major medical or neurological illness, no previous or 
present additional psychiatric disorders or substance abuse disor-
der. Among individuals with schizophrenia, subjects with (n = 5) 
and without (n = 61) a lifetime history of suicide attempt were as-
sessed with the Present State Examination. At the assessment 
point, all patients had been receiving stable oral doses of psycho-
tropic drugs for at least 1 month and were studied during the 
phase of clinical stabilization (i.e., they were analyzed during the 
residual period). The absence of medical or neurological illness 
was verified by means of physical and neurological examination, 
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routine laboratory investigation, treating physician report and 
medical records. Age- and sex-matched individuals without any 
clearly evident psychiatric illness or substance abuse were recruit-
ed as control subjects for the study.

  Sample Collection and Storage 
 Patients and normal volunteers were controlled for time of 

awakening, morning activity, caffeine consumption and smok-
ing, factors that can affect morning neurosteroid levels  [2] . All 
participants were instructed to avoid morning exercises. A blood 
sample of 10 ml was collected between 8.30 and 11.30 a.m. and 
divided into 3 subsamples for measurement of cortisol and DHEA-
S, nitrite and AM. Immunoassay (electrochemiluminescence, 
Roche Elecsys �  E170) was used to measure cortisol and DHEA-S. 
Griess reaction was used to measure plasma nitrite levels. Total 
nitrite (nitrite + nitrate) was measured after conversion of nitrate 
to nitrite by copperized cadmium granules by a spectrophotom-
eter at 545 nm (Ultraspec Plus, Pharmacia LKB Biochrom Ltd., 
England). A standard curve was established with a set of serial 
dilutions (10 –8 –10 –3  mol/l) of sodium nitrite. Results were ex-
pressed as micromoles per liter of plasma. High-performance liq-
uid chromatography (HPLC) was used to measure AM plasma 
level. Serum samples were subjected to reverse-phase HPLC (C-18 
column, 4.6  !  250 mm, Cecil 1100, Supelco, UK), with a linear 
gradient dilution of CH 3 CN from 10 to 60% in a solution of 0.1% 
trifluoroacetic acid. Rat AM (1–50 pmol/ml) was used as the stan-
dard (Phoenix Pharmaceutical Inc., Mountain, Calif., USA).

  Statistical Analyses 
 MedCalc �  (7.0 version) for Windows was used for the statisti-

cal analyses of data. Nonparametric statistical analyses were used. 
The significance of differences between groups were estimated by 
Mann-Whitney U test and differences were considered signifi-
cant when p  !  0.05. Bivariate comparisons were examined using 
Spearman correlation coefficients (r) and values were corrected 
for ties. Two-tailed significance values were used. Correlations 
were run between age, body mass index, urea, creatinine, onset of 
disease, duration of disease, BPRS total, SANS total, SAPS total, 
DHEA-S, AM, NO, cortisol/DHEA-S ratio and cortisol levels.

  Results 

 Subject Characteristics 
 Schizophrenic patients and those in the controls were 

matched for gender, age and smoking. The mean BPRS 
total score of schizophrenia patients was 17.89  8  10.2 
(mean  8  SD). The mean SANS total scores were 56.97  8  
28.19 and SAPS total scores were 35  8  30.75. Duration of 
disease was 145  8  120 months (95% CI for the mean: 
114–175) in patients ( table 1 ).

   Analyte Levels 
  Patients, as compared to controls, had higher levels of 

baseline cortisol. The DHEA-S levels were lower in pa-
tients though this did not reach statistical significance. 

The mean levels of plasma AM and total nitrite in the 
schizophrenic group were significantly higher than the 
levels in the control group ( table 2 ).

  There was a significant correlation between the dura-
tion of disease and cortisol (r = 0.332, p  !  0.01), and cor-
tisol/DHEA-S ratio (r = 0.417, p  !  0.001) in patients. In 
addition, plasma AM levels were found to be significant-
ly correlated with SAPS total (r = 0.36, p = 0.005). There 
were no correlations between other analytes.

  The intra- and interassay coefficients of variations for 
cortisol were 3.7 and 11.4%, and for DHEA-S 2.8 and 
19.6%, respectively. Analytical sensitivity (lower detec-
tion limit) of DHEA-S was 0.003  � mol/l and analytical 
specificity for DHEA-S; the cross-reactivities were found 
to be 0.178%.

  Discussion 

 In the present study, levels of AM and total nitrite 
were higher in schizophrenic patients than in controls; 
AM levels of schizophrenic patients were threefold high-
er than those of controls. Huang et al. [9] suggested that 
only male schizophrenic patients have higher AM mRNA 
levels than controls. As accumulating evidence suggests 
that AM has multiple regulatory roles in the brain, the 

Table 1. Characteristic of subjects (mean 8 SD)

Patients (n = 66) Controls (n = 28)

Duration of disease, months 1458120
Onset of disease, years 2289
Age, years 33.6811 34.4812
Smoking, % 39 32
BPRS total score 17.89810.2
SANS total scores 56.97828.19
SAPS total scores 35830.75
Male gender, % 100 100

Table 2. Analyte levels (mean 8 SD)

Patients (n = 66) Controls (n = 28) p

Cortisol, �g/dl 12.4883.2 10.3183.1 <0.05
DHEA-S, �g/dl 3028156 322896 >0.05
AM, pmol/l 44.3385.07 14.5684.03 <0.001
Total nitrite, �mol/l 36.27817.6 32.5487.14 <0.03



 Yılmaz   /Herken   /Cicek   /Celik   /Yürekli   /
Akyol   

Med Princ Pract 2007;16:137–141140

significance of the increased expression of AM in some 
schizophrenic patients is worthy further study. AM lev-
els significantly correlated with SAPS total. Disorders in 
the  HPA axis, which is also affected in schizophrenia, 
are often seen in psychiatric patients. NO and AM func-
tion in the regulation of the hypothalamo-neurohypo-
physial system and HPA axis  [7] . Several studies have 
indicated that AM may function as a neurotransmitter, 
neuromodulator or neurohormone in the brain in addi-
tion to its hemodynamic effect on the cardiovascular 
system. AM has a wide distribution in the brain and may 
function as a neurotransmitter or neuromodulator. In-
creased AM mRNA expression in lymphoblastoid cell 
lines from schizophrenic patients has shown that AM 
itself, or other genetic factors that regulate the expression 
of AM, might play a role in the pathogenesis of schizo-
phrenia.

  Our study with male schizophrenic patients shows 
higher levels of cortisol and a trend towards lower DHEA-
S levels in comparison to normal controls. There was also 
a positive association between duration of disease and 
cortisol/DHEA-S ratio and cortisol levels. Stress axis dys-
function may occur in schizophrenia as is indicated by 
the high levels of corticotropin-releasing hormone within 
the cerebrospinal fluid, failure to suppress plasma levels 
of cortisol in response to dexamethasone and overactiv-
ity of the pituitary-adrenal as demonstrated by high levels 
of resting cortisol and corticotropin (ACTH). Schizo-
phrenia is associated with a reduced capacity to excrete 
water, high rates of polydipsia and hyponatremia, and a 
greater release of arginine vasopressin  [10] . Yet, in a pre-
vious study researchers have found that patients with 
schizophrenia had higher plasma levels of ACTH and 
cortisol from 13.00 to 14.00 h, a time frame which strong-
ly correlates with a 24-hour period supporting the con-
tention that there is basal overactivity of the pituitary-ad-
renal in this disorder  [10] . It has further been suggested 
that over time, with the onset of chronic illness, these di-
minished neurosteroid levels and impaired stress re-
sponse may be associated with increased sensitivity to 
brain insult as well as dysregulation of neurotransmis-
sion  [11] . This in turn is reflected in the deterioration of 
task-specific behavior including the areas of cognition, 
emotion and psychosocial functioning. Controversy ex-
ists about the use of DHEA-S in the pharmacotherapy of 
schizophrenia  [11, 12] . Before the development of chlor-
promazine, DHEA-S was used in young schizophrenics 
with modest success in improving deficit symptoms. In 
particular, DHEA-S, other sex hormones and some of 
their natural and synthetic derivatives had been used in 

an attempt to treat deficit symptoms of schizophrenia in 
both sexes. In addition, a recent report described a pos-
sible role for DHEA-S augmentation in the management 
of negative, depressive, and anxiety symptoms of schizo-
phrenia  [13–18] .

  Although total nitrite levels were also higher in pa-
tients, there is no correlation with SAPS total and its 
subscales and the frequency of hospitalization. Accord-
ing to these results we can speculate that AM has a more 
significant correlation with the pathophysiological 
events in schizophrenia than NO. However, there was 
no correlation between AM and total nitrite levels in
the schizophrenics in this study. Additionally, AM lev-
els might be affected in these patients in relation to NO 
activity; according to our findings both NO and AM 
may have a pathophysiological role in schizophrenia. 
The topographical distribution of NOS in the brain
may reflect the physiological functions of NO in the 
brain. It is hypothesized that NO is an important 
neurotrans mitter-like modulator which can trigger neu-
rodegenerative processes such as Parkinson’s disease, 
Alzheimer’s disease and alcoholism. NO-associated 
mechanisms are suggested to represent a new avenue for 
innovative therapeutic strategies for these disorders, 
thus, it is important to characterize NOS activity, the 
influence of various pre- and postmortem variables and 
to establish the regional distribution of NOS activity 
within the human brain  [19–23] . Although there exist a 
few reports regarding the relationship between the plas-
ma levels of cortisol and NO in schizophrenic patients, 
the involvement of other adrenal hormones such as AM 
and DHEA-S in schizophrenic patients remains un-
known  [23–25] .

  However, interpretation becomes more difficult be-
cause an interference of the pharmacological effects of 
neuroleptics and the consequences of the clinical im-
provement of the underlying schizophrenic disorder on 
neuroendocrine parameters in the course of the treat-
ment period cannot be excluded. Ritsner et al.  [26]  stud-
ied the effects of antipsychotic treatment on hormone se-
cretion in schizophrenic patients. No canonical correla-
tions were observed between changes from baseline 
through end-of-study in hormonal values and severity of 
symptoms and emotional distress among responders and 
nonresponders. In contrast to the findings of Ritsner et 
al. [26], cortisol levels were significantly affected after 5–
8 weeks of treatment with clozapine compared to baseline 
conditions  [27] .

  A limitation of our study is the lack of a drug-free 
schizophrenic control group. Apart from the fact that a 
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reliable assessment of endocrine abnormalities under 
drug-free baseline conditions is not possible, the poten-
tial interference of the course of the underlying schizo-
phrenic disorder with the pharmacological effects of neu-
roleptics complicates the interpretation of hormone 
changes, which may be relevant in regard to the decline 
of HPA axis activity.

  Conclusion 

 The present study suggests that schizophrenic patients 
differ from control subjects in circulating levels of corti-
sol, NO and AM. We found no significant differences in 
DHEA-S levels between schizophrenic and control sub-
jects. In addition, our study indicates that there is a sig-
nificant positive correlation between cortisol, AM, the 
duration of disease, and SANS. 
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