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Plasma Levels of Arginine Vasopressin

Elevated in Patients with Major Depression

Liesbeth van Londen, M.D., Jaap G. Goekoop, M.D., Ph.D., Godfried M. ]. van Kempen, Ph.D.,
Ank C. Frankhuijzen-Sierevogel, Victor M. Wiegant, Ph.D., Edo A. van der Velde,

David De Wied, M.D., Ph.D.

Mentally healthy subjects show increased plasma
concentrations of the neuropeptides, arginine vasopressin
(AVP) and oxytocin (OT), under conditions of stress, but
data are lacking about plasma concentrations of AVP and
OT in patients with major depression. We thus assessed
plasma concentrations of AVP and OT in patients with
major depression (n = 52) and healthy controls (n = 37).
Mean plasma AVP concentrations were higher in the group
of depressed patients than in controls. A subgroup of 16
patients showed very high levels of plasma AVP, but no
other feature differentiating this subgroup from the other
patients was found. In-patients showed higher plasma AVP

levels than out-patients, and melancholic patients had
higher plasma AVP levels than did nonmelancholic
patients. Plasma AVP levels were slightly related to
psychomotor retardation and significantly inversely to
neuroticism. Patients’ plasma OT concentrations had a
wider range than in controls. AVP and AVP-mediated
functions may be a factor in the clinical picture of
depression, possibly by influencing the activity of the
hypothalamic-pituitary-adrenal axis.
[Neuropsychopharmacology 17:284-292, 1997]
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Three lines of evidence suggest that the hypothalamo-
hypophyseal neuropeptides, arginine vasopressin (AVP)
and oxytocin (OT), are involved in mood disorders.
First, animal studies have demonstrated that vasopressin
and OT function as neuromodulators of the stress re-
sponse (Gibbs 1986; Ivanyi et al. 1991; Bartanuzs et al.
1993). Human studies have shown that plasma concen-
trations of AVP increase or decrease depending on dif-
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ferent conditions of stress, whereas normal release is
predominantly controlled by osmo- and volume recep-
tors (Edelson and Robertson 1986). As examples, AVP
levels increase when healthy subjects are exposed to a
severe psychological stressor (Meyerhoff et al. 1990), to
social isolation and confinement (Maillet et al. 1993),
and pain (Kendler et al. 1978). However, AVP levels de-
crease during anticipation of pain (Edelson and Robert-
son 1986). Healthy human subjects exposed to uncon-
trollable noise have increased plasma OT levels (Sanders
et al. 1990, Fruhstorfer et al. 1986).

Second, an increased hypothalamic-pituitary-adreno-
cortical (HPA) activity is found in 40-90% of patients
with major depression (Holsboer 1996). Holsboer (1995)
postulated the hypothesis that the mechanisms under-
lying these findings comprise weakened corticosteroid
receptor function in hippocampus and hypothalamus,
leading to enhanced synthesis and release of corticotro-
pin-releasing hormone (CRH) and AVP. CRH neurons
in the paraventricular nucleus (PVN) of the hypothala-
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mus coexpress AVP, and AVP synergizes with CRH to
produce an overdrive of the pituitary adrenocortical
system. Purba et al. (1996) found evidence of an in-
creased vasopressinergic drive in depression when they
showed an increased number of AVP- and OT-express-
ing neurons in the PVN of depressed patients.

Third, central AVP-mediated functions, such as at-
tention, memory, nociception, and circadian rhythms
are frequently disturbed in affective disorders (Gold et
al. 1978). The suprachiasmatic nuclei (SCN) are thought
to be involved in the regulation of circadian rhythms
and contain AVP-synthesizing neurons (Stopa et al.
1984). These neurons project exclusively inside the cen-
tral nervous system (CNS) and do not contribute di-
rectly to changes in plasma concentrations of AVP.
However, AVP-containing neurons of the SCN do
project to the paraventricular region of the hypothala-
mus (Watts and Swanson 1987) and can therefore indi-
rectly influence the resulting plasma levels of AVP.

Based on these three lines of evidence, changes in
plasma and cerebrospinal fluid (CSF) levels of AVP and
OT could be expected in patients with major depres-
sion, but such a change has never been shown convinc-
ingly. We aimed to study plasma concentrations of
AVP and OT in a large sample of drug-free patients
with a major depressive episode and in healthy con-
trols. AVP and OT were measured at three time points
in the day, and their concentrations in plasma were
evaluated in relation to measures of illness severity and
personality characteristics. Plasma cortisol was as-
sessed to measure the influence of AVP release on the
HPA axis, AVP being a secretagogue of adrenocortico-
tropic hormone (ACTH) that acts synergetically with
CRH on ACTH release (Antoni 1986).

METHODS

Patients participating in this study fulfilled the DSM-
[II-R criteria for a major depressive episode. They were
recruited from the routine clinical care group of the in-
patient Depression Unit of the Psychiatric Hospital
Endegeest, and from the Jelgersma out-patient clinic
(Oegstgeest, The Netherlands). Patients with a history
of medical illness (e.g., cardiovascular, neurological, en-
docrinological, oncological), hypertension or orthostatic
hypotension, or medication that might affect the plasma
levels of AVP, OT, or cortisol were excluded. Patients
were required to be completely medication-free for at
least 2 weeks before entering the study. None of the pa-
tients had used fluoxetine, because of the long half-life
in plasma and because fluoxetine reduces CSF concen-
trations of AVP (De Bellis et al. 1993). Norepinephrine
affects AVP output (Bisset and Chowdrey 1988). A wash-
out period of 2 weeks suffices for normalization of the
norepinephrine metabolites MHPG and MHPG-sulfate
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in patients on amitriptyline for 5 weeks (Van Kempen et
al. 1992). Nine patients with severe anxiety or insomnia
were allowed a maximum of 10 mg/d clorazepate, ox-
azepam or temazepam (five men and four women). All
patients and normal controls underwent routine blood
analysis, including renal and liver function tests and he-
matological measures. The study was approved by the
Medical Ethical Committee of the Leiden University
Hospital. Written informed consent was obtained after
complete description of the study to both patients and
controls.

Fifty-six depressed patients entered the study. Of
these, two were excluded: one having developed multi-
ple sclerosis the year after the index episode of major
depression, and the other subsequently appearing to
use large amounts of alcohol in spite of statements in
the interviews. A further two had missing neuropep-
tide values and thus were excluded. A total of 52 pa-
tients (22 men, 30 women; mean age 44.8 years, SD 13.9,
range 22-77) remained in the study. Eighteen were in-
patients of the Depression Unit, and 34 were out-patients.
Eleven men and 13 women were smokers. All patients
refrained from the use of alcohol and from abnormal
motor activity (sports) during the 12-h period preced-
ing the study and during the day of blood sampling. All
subjects were seated 15 min before venipuncture.
Smoking was prohibited during the 30 min preceding
venipuncture, but eating and drinking were ad libitum.

Forty-eight healthy controls were recruited via an
advertisement in the local newspapers. Exclusion crite-
ria for controls were: a life-time or present history of
mental illness, screened with the semistructured inter-
view of the CPRS (Asberg et al. 1978), a present medical
illness or use of medication, current stressful events or
recent circadian shifts (working in day- and night-
shifts, working until late in a bar, etc.). Accordingly, 37
subjects were selected (17 men, 20 women; mean age
41.2 years, SD 15.5, range 19-73). Five were smokers
(two men and three women). Controls received the
same instructions as did patients.

Psychiatric Assessment

The diagnosis was made according to the DSM-III-R
criteria (American Psychiatric Association 1987) for a
major depressive episode by a research psychiatrist
(LvL). The sample consisted of six bipolar depressed,
two psychotic depressed, and 44 non-psychotic depressed
patients. For 30 of the 52 patients, the index episode
was characterized as melancholic subtype (DSM-II-R
criteria). Psychopathological symptoms and intensity
ratings were assessed with the semistandardized inter-
view of the Comprehensive Psychopathological Rating
Scale (CPRS, Asberg et al. 1978) and two subscales, the
Montgomery and Asberg Depression Rating Scale
(MADRS, Montgomery and Asberg 1979), and the Brief
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Anxiety Scale (BAS, Tyrer et al. 1985), each item rated
from 0-6. Scores of at least 20 on the MADRS were re-
quired before entry. Psychomotor retardation was rated
with the Salpétriére Retardation Rating Scale (SRRS,
Widlocher 1983). Neuroticism, extraversion, psychoti-
cism, and lie-scale, as personality dimensions, were
evaluated using the Eysenck Personality Questionnaire
(Eysenck and Eysenck 1975).

Biochemical Assay Procedures

Blood samples, 50 ml, were drawn by venipuncture
consecutively at three different time points (08.00, 16.00,
and 23.00 hours) in one day. Blood for AVP and OT
analysis was sampled in 10-ml chilled plastic tubes con-
taining 1.6 mg K-EDTA/ml blood. The plasma was im-
mediately separated off at 4°C, and was stored at —80°C
to await AVP and OT analysis. Plasma AVP and OT
samples were radioimmunoassayed (RIA) in duplicate
after extraction of peptides from plasma (efficiency
~100%) using C-8 Bond Elut® cartridges (Analytichem
International, Harbour City, California USA), essentially
as described previously (Van de Heijning et al. 1991). A
rabbit antiserum (coded W1E) with the following cross-
reactivities: vasotocin 100%; [Cyt®]AVP-(3-9) 50%; [pGlu?,
Cytf]AVP-(4-9) 25%; [Cyt*]AVP-(5-9) 13%; AVP-(1-8),
AVP-(1-7) and OT undetectable, was used for RIA of AVP.
The detection limit was 0.5 pg/tube, yielding a sensitiv-
ity of 0.5 pg/ml for plasma (extracted assay). The intra-
and interassay coefficients of variation were 9.9 and
15.9%, respectively. OT was determined using the highly
specific antiserum THF-3 donated by Dr. Higuchi (Mat-
suoka, Japan). For details on cross-reactivity, see Higu-
chi et al. (1985). The sensitivity of the assay was 0.5 pg/
tube (0.5 pg/ml plasma). Intra- and interassay coeffi-
cients of variation were 7% and 10%, respectively.
Blood samples for cortisol determination were drawn
into NH4-heparin-containing tubes and stored at —20°C
prior to assay by high performance liquid chromotogra-
phy (HPLC) with UV detection. After thawing and be-
fore assay, prednisolone was added as internal standard.
The plasma was alkalinized and cortisol was extracted
into dichloromethane; after evaporation of the organic
solvent, the sample was dissolved in the eluent then in-
jected on an HPLC cartridge CP,,, SPHER Si. The eluent
consisted of a mixture of 335 ml dichloromethane, 150
ml dichloromethane saturated with water, 6 ml tetrahy-
drofuran, 12 ml methanol, and 0.25 ml acetic acid. The
lower limit of detection at the wavelength used (254
nm) was 10 nmol/1 plasma; within-day and day-to-day
variation were 4.6% and 8.7%, respectively. Clinical and
laboratory results were obtained independently. AVP
and OT were measured in the Rudolf Magnus Institute
for Neurosciences (Utrecht, The Netherlands); cortisol,
osmolality and sodium were determined in the labora-
tory of the Endegeest Psychiatric Hospital (Oegstgeest,
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The Netherlands). Samples from in- and out-patients
and controls were run together in each assay.

Organization of Results and Statistical Analysis

The SPSS/PC + V5.02 (SPSS INC, Chicago, IL) was used
for analysis. Patients and controls were compared with
respect to sex, smoking, menopausal status, and use of
oral contraceptives using the x? test. The significance of
differences between patients and controls with regard
to age was assessed with the two-tailed Student’s ¢-test.
Differences in hormone assay results between diagnos-
tic groups were evaluated by repeated measures analy-
sis of variance (RM-ANOVA). In cases where RM-
ANOVA showed significance, we tested for pairwise
significance with sex as a second factor and age as covar-
iate (ANCOVA). Levene’s test was used to compare
equality of variances. Multiple regression analysis was
applied to relate hormone data with sex, age, reproduc-
tive status, use of benzodiazepines or smoking in pa-
tients and controls. Correlations between hormone data
and psychopathology and personality dimensions were
tested by calculation of the Spearman rank correlation
coefficient (rho). Two-tailed probabilities were applied
throughout, unless otherwise stated. Significance was
set at p < .05. Type I errors were avoided as the Bonfer-
roni equation was used for multiple comparisons.

RESULTS
Possible Confounding Factors

Patients’ levels of plasma AVP and OT were not related
to sex, age, smoking, menopausal status, use of oral
contraceptives or benzodiazepines (n = 9), or any mu-
tual interaction of these parameters (multiple regression
analysis). In controls, the men had higher mean plasma
AVP than did the women (F = 6.20, df = 1,35, p = .018),
but there was no time effect or group by time effect (F =
0.61, df = 2,70, p = .54). Similarly, male controls had a
higher mean plasma OT than did female controls (F =
4.46, df = 1,35, p = .042), with no time effect or group by
time effect (F = 1.06, df = 2,70, p = .35). Although in the
patients group plasma AVP and OT did not show a re-
lationship with sex or age, we did adjust the following
comparisons for sex and age (Os et al. 1985). Patients
and controls were not significantly different regarding
sex, age, menopausal status, and use of oral contracep-
tives (Table 1). As expected, the group of patients in-
cluded more smokers (x> = 8.46, df = 1, p = .004).

Plasma AVP, OT, Cortisol

Table 2 shows that the patients had a significantly
higher mean plasma AVP and cortisol and lower mean
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Table 1. Characteristics of Subjects Enrolled in the Study
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Melancholic Nonmelancholic

Patients Patients Controls

(n = 30) (n=22) (n=37)
SexM:F 15:15 7:15 17:20
In-patient : out-patient 15:15 3:19 —
Benzodiazepine yes : no 7:23 2:20 —
Smokers : nonsmokers 12:18 12:10 5:32
Premenopausal : postmenopausal 9:6 10:5 14:6
Oral contraceptives 4 3 2

Age

47.1 + 14.8 (SE2.7)

41.6 = 123 (SE 2.6) 41.2 + 15.5(SE 2.6)

plasma osmolality and sodium than did the controls.
No significant differences were found between mean
plasma levels of OT in patients and controls. There was
a significant time effect only for cortisol. The course of
osmolality throughout the day was significantly differ-
ent between patients and controls (group by time effect).

Plasma AVP

Figure 1 shows individual plasma AVP values for each
patient and control subject. Sixteen of the 52 patients
had values clearly above the cut-off level of 14 pg/ml
plasma defined as the mean plus twice the standard de-
viation of the controls. Levene’s test for equality of vari-
ances showed significant differences in the distribution
of AVP concentrations between patients and controls
(Figure 1). The AVP plasma values did not vary widely
in the same individual (in either patients or controls),
when the values from the three daily determinations
were compared. When adjusted for sex and age, the dif-

ferences between plasma AVP of patients and controls
were significant at 8.00, 16.00, and 23.00 hours (Table 2).
Table 3 shows that the in-patients had higher mean
levels of plasma AVP than did the out-patients. The in-
patients had higher plasma AVP than the controls at all
three time-points (respectively, p < .001 at 8.00 hours;
p = .001 at 16.00 hours; p = .002 at 23.00 hours adjusted
for sex and age). The out-patients had significantly
higher plasma AVP levels than the controls at 16.00
hours (t = 2.0, df = 55.9, p = .05). The patients with mel-
ancholic subtype of depression had higher levels of
plasma AVP at 23.00 hours than did patients with the
nonmelancholic subtype (f = 2.04, df = 50, p = .05).

Subgroup of Patients with Vasopressin Levels >
14 pg/ml Plasma

The 16 patients who had AVP levels above the cut-off
level of 14 pg/ml plasma, included seven males and
nine females (five premenopausal of whom one used an
oral contraceptive), eight out-patients and eight in-patients,

Table 2. Mean (SD) of Plasma Vasopressin, Oxytocin, Osmolality, and Sodium Concentrations in Patients (7 = 52) and

Controls (n = 37)

Group X
Time Group
Time Effect Effect Differences
daf = 2,174 daf = 2,174 df=1,87
08.00 hours p* 16.00 hours  p* 23.00 hours p* F ? F ? F P
Vasopressin P 894(725) 0.007 9.16(743) 0007 807(594) 0014 158 021 111 033 798  0.006
C  5.32(4.00) 5.47 (4.05) 5.41 (3.56)
Oxytocin P 1.51 (0.75) 0.095 1.59 (0.88) 0.069  1.62 (1.06) 0.351 133 027 032 032 275 0.10
C  1.28(0.57) 1.28 (0.53) 1.44 (0.72)
Cortisol P 059(0.19) 0.011 034(0.15) 0005 0.22(0.14) 0.007 223.07 <0.001 0.23 080 1212 0.001
C 049(017) 0.25(0.13) 0.14 (0.08)
Osmolality P 291.27(5.30) 0.117 290.02 (6.05) <0.001 290.35(5.86) <0.001 094 039 5.02 0008 1473 <0.001
C 293.00 (7.59) 294.84 (5.15) 296.27 (7.60)
Sodium P 14046 (2.36) 0.199 140.42 (2.24) 0.085 140.19 (2.44) 0.017 009 092 088 042 460 0.035
C 141.05 (2.13) 141.28 (2.33) 141.30 (2.13)

Vasopressin and oxytocin in pg/ml, cortisol in pmol/1, osmolality in mosm/1, sodium in mmol/L; P = patients; C = controls.
p* differences between patients and controls with sex as a second factor adjusted for age (ANCOVA).
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Figure 1. Plasma arginine vasopressin (AVP) levels in patients with major depression and controls. Mean plasma levels of
AVP of patients were significantly increased at all three time-points compared to controls (respectively,p = .007, p = .007,
p = .014, ANCOVA with sex as second factor and age as covariate). The distribution of AVP values showed significant differ-
ences between patients and controls (8.00 hoursp = .007; 16.00 hours p = .006; 23.00 hours p = .005 Levene’s test for equality
of variances). Error bars indicate mean + SEM.

e . . .. Plasma Oxytocin
nine first episodes and seven recurrent depressions, six Xy

smokers and 10 nonsmokers. The patients with high In four of the 52 patients and three of the 37 controls,
AVP levels were not significantly different from the the plasma OT level was below our detection limit of
other patients in age (p = .87) and use of a benzodiaz- 0.5 mg/ml. The mean OT plasma concentrations were
epine (only one patient). not significantly different between depressed patients

Table 3. Mean (SD) Vasopressin (AVP) and Oxytocin (OT) Concentrations (pg/mil) According to Patient
Characteristics (n = 52)

n AVPe oT* n AVP* p (AVP) oT* p (OT)
Male 22 10.54(7.58) 1.53(0.74) Female 30 739(512) 0.08 161(0.85 0.73
Smokers 24 8.67(5.22) 1.64(0.86) Non-smokers 28 877(7.36) 090 151(0.75) 0.55
Benzodiazepines 9 8.03(551) 1.31(0.72) Medication-free 43 8.87(6.62) 0.51 1.63 (0.81) 0.32
First episode 24 9.14(6.14) 1.50(0.77) Recurrent episode 28 8.37(6.71) 0.48 1.64(0.83) 0.50
In-patients 18 11.03 (6.82) 1.54 (0.82) Out-patients 34 750(591) 0.05* 159(0.80) 0.83
Melancholic subtype 30 10.11(6.50) 1.63(0.96) Non-melancholic subtype 22 6.83(592) 0.15 149(052) 047
MADRS < 31 (=median) 28 9.17(6.50) 1.55(0.77) MADRS > 31 24 820(640) 066 1.59(0.85) 0.88
BAS < 19.5 (=median) 24 8.20(6.25) 1.71(0.88) BAS>195 28 9.17(6.60) 098 145(0.72) 028

Widlocher scale < 185 26  6.40(4.20) 1.45(0.61) Widldcher scale > 18.5 26 11.01 (7.40) 0.01* 1.70(095) 0.25
(=median)

2The AVP and OT values represent an average of the three determinations for each timepoint (8.00, 16.00, and 23.00 hours).
Statistics by ANCOVA with sex as a second factor (except in the first comparison) and age as covariate.
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and controls, although the patients showed a trend to-
wards higher levels (Table 2). The mean daily OT
plasma concentrations were more widely distributed in
patients than in controls (Levene’s test for equality of
variances, p = .017).

Plasma Cortisol

The mean plasma cortisol levels were significantly
higher in patients than in controls at all three samplings
(Table 2). The in-patients did not have a higher mean
level of plasma cortisol than did the out-patients (f =
0.28, df = 49,p = .78).

Correlation between Plasma AVP, OT, and Cortisol

There was no significant correlation between levels of
AVP, OT, and cortisol in plasma of controls, patients, or
the total sample at any of the sampling times after Bon-
ferroni correction for multiple testing.

Plasma Osmolality and Sodium

Mean plasma osmolality was significantly lower in pa-
tients than in controls at 16.00 hours and 23.00 hours
(Table 2). There was no significant difference between
plasma osmolality of the subgroup of 16 patients with
AVP levels >14 pg/ml and that of the other patients.
The mean plasma sodium levels were lower in patients
than in controls at 23.00 hours (Table 2), but were not
related to plasma levels of AVP. Patients with melan-
cholic subtype had lower plasma sodium than did the
controls at 16.00 hours and 23.00 hours (t = 2.53, df =
64, p = .014; t = 2.09, df = 65, p = .041). Patients with the
nonmelancholic subtype had a plasma sodium not sig-
nificantly different from that of controls.

Hormonal Data, Psychopathological Rating Scales,
and Personality Dimensions

The mean plasma AVP concentrations showed a corre-
lation with the scores for psychomotor retardation on
the Widldcher scale (tho = 0.2982, p = .032) for the en-
tire patient sample. Mean plasma AVP concentrations
and neuroticism were inversely correlated (rho = —0.5079,
p = .001). Since 8 comparisons were made, the Bonfer-
roni-corrected p value would be 0.05/8 = 0.006, which
was met by the correlation between plasma AVP and
neuroticism. The significance of this correlation was
due to the input of patients with recurrent episodes (see
below). No significant correlations were found between
the mean plasma AVP level and scores on the other rat-
ing scales.

When the patient group was divided into those for
whom the index episode was the first episode (n = 24),
and those for whom it was a recurrent episode (n = 28),
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patients with first episodes had lower scores for neurot-
icism (15.1 * 4.5) than did patients with recurrent epi-
sodes (17.3 = 5.4, U = 136.5, p = .035, Mann-Whitney
U-test). Patients with recurrent episodes had mean
plasma AVP concentrations that correlated strongly
with neuroticism (rho = —0.6214, p = .002, significant
after Bonferroni correction), whereas plasma AVP lev-
els did not correlate significantly with neuroticism in
the first-episode group.

Mean plasma levels of OT and cortisol were not sig-
nificantly correlated to any of the rating scales after cor-
rection for the number of comparisons (p < .006).

DISCUSSION

This is the first report of elevated AVP concentrations in
a sample of depressed patients (up to 33.7 pg/ml
plasma), most of whom were completely drug free.
None of them were on antidepressants or antipsychotic
medication. The AVP values we measured in our assay
were considerably high: 31% of the patients had AVP
plasma concentrations higher than the mean plus 2 SDs
of the normal controls. These high levels of plasma AVP
were found in in-patients as well as in out-patients and
not in any of the controls.

Significant differences in baseline plasma AVP be-
tween depressed patients and controls have not been
found earlier (Raskind et al. 1979; Gjerris et al. 1985; S6-
rensen et al. 1985; Ritchie et al. 1991). In most, if not all
of these studies, AVP concentrations were only as-
sessed once daily, usually in the morning. Furthermore,
in most of these studies the patient sample was small
(Raskind et al. 1979). Data from the same patient popu-
lation were used for two reports, and seriously neuro-
logically ill patients were the controls (Gjerris et al.
1985; Sorensen et al. 1985). Finally, the results of the
most recent study using a large number of patients
have unfortunately only appeared in abstract form
(Ritchie et al. 1991). With regard to the CSF concentra-
tions of AVP, depressed patients showed significantly
lower values than normal controls (Gold et al. 1984;
Gijerris et al. 1985), but higher than normal values were
found in patients with psychofic depression (De Bellis
et al. 1993). No significant difference in CSF OT was
found between depressed patients and controls (Demi-
track and Gold 1988).

In considering our results, some inevitable limita-
tions of the design should be kept in mind. The food
and water intake of the subjects was ad libitum, induc-
ing a methodological weakness. Strict control, however,
would have excluded severely depressed subjects (for
ethical reasons), and out-patients (for probable non-
compliance). These exclusions would have yielded a
small patient sample, made up of moderately de-
pressed individuals. We did exclude major factors
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known to influence plasma AVP levels, e.g., alcohol,
medication, blood pressure instability, hypovolemia,
hyponatremia, hyperosmolality, and dehydration, and
we controlled for sex and age. Cigarette smoking in-
creases plasma AVP concentration (Waeber et al. 1984).
We prohibited smoking during the 30 min preceding
venipuncture. This was done to avoid acute nicotine
withdrawal symptoms. We did include smokers in our
sample, to eliminate bias from dropping out of severely
depressed smokers and, in general, from noncompli-
ance. Anyhow, the high levels of plasma AVP could not
be accounted for by smoker status (Table 3).

Male controls had significantly higher plasma AVP
levels than did the female controls. Similar results have
been reported in an elderly population (Asplund and
Aberg 1991). This observation and our results suggest
that sex hormones and the secretion of AVP may be re-
lated. Plasma AVP is reported to be lower during men-
struation than at ovulation (Forsling et al. 1981). Five of
the eight women in the subgroup of 16 patients with
high plasma AVP were premenstrual. The phase of the
menstrual cycle of these five premenstrual women is
unlikely to have influenced the results in an upward di-
rection (mean AVP 12.01 * 3.51 pg/ml), as the male pa-
tients had the highest values for plasma AVP (mean
AVP 19.75 % 5.6 pg/ml).

Chlordiazepoxide pretreatment decreases basal lev-
els of plasma vasopressin in rats (Wible et al. 1985), but
we found no significant difference between the plasma
AVP of the nine patients who were using a benzodiaz-
epine (mainly clorazepate) and the plasma AVP of
medication-free patients (Table 3).

We found higher mean levels of plasma AVP in pa-
tients with DSM-III-R melancholic subtype than in pa-
tients with nonmelancholic subtype depression, sug-
gesting that the two subtypes of mood disorder—the
melancholic and the neurotic or dysthymic subtype—
could be differently related to AVP secretion. Sy-
vaelahti (1985) did not find a difference in plasma AVP
levels between endogenous and nonendogenous de-
pressed patients, when using the Newcastle scale. Our
groups were defined according to DSM-III-R criteria.

The in-patients showed significantly higher mean
plasma AVP levels than did the out-patients. However,
the major finding of this study that the depressed pa-
tients had significantly higher plasma levels of AVP
than the controls is not attributable only to the high
levels of plasma AVP of the in-patients. Factors that
might contribute to the higher basal plasma AVP levels
of the in-patients were that the in-patients were more
severely depressed than the out-patients, that there
were more patients with melancholic subtype among
the in-patients, and that hospitalization in itself is a major
stress factor (Maes et al. 1994). Both in- and out-patients
had a mean plasma cortisol higher than controls, which
is not in agreement with the findings of Maes et al.
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(1994), where hypercortisolism was a feature only of the
in-patients.

The mechanisms of increased AVP plasma concen-
trations in major depression remain to be explored. It is
unlikely that higher levels of plasma AVP in our pa-
tients were caused by increased plasma osmolality. Pa-
tients showed lower blood osmolality and sodium lev-
els than controls later in the day, and this may have
been the result of the increased plasma AVP levels that
were present in the morning. It is known that plasma
AVP and OT are synthesized in the magnocellular neu-
rons of the hypothalamic paraventricular (PVN), su-
praoptic (SON), and accessory nuclei (De Wied et al.
1993). These neurons project to the posterior pituitary,
and it is from here that AVP and OT are released into
the general circulation. Parvocellular AVP- and OT-
containing neurons of the PVN project to the external
lamina of the median eminence, where the hormones
are released into the portal vessel system to regulate an-
terior pituitary function. Magno- and parvocellular
AVP- and OT-containing neurons also project to other
areas inside the CNS (Landgraf 1992; Morris and Pow
1993). The release of AVP and OT in the general circula-
tion could be paralleled by peptide release in certain
target sites in the brain. Plasma AVP and OT concentra-
tions may thus reflect the activity of a subgroup of
AVP-synthesizing cells in the CNS. One can argue that
although central and peripheral AVP and OT are regu-
lated differently under normal physiological condi-
tions, peptide release in certain target sites in the CNS
under conditions of stress may be paralleled by release
in plasma under the influence of a shared central mech-
anism. In other words, it could be possible that under
the influence of (repeated) stress, increased synthesis of
AVP and CRH is evoked (Holsboer 1995), and that this
production of central AVP is paralleled by a release of
AVP in the general circulation. Another possibility that
may play a role in the mechanism of increased plasma
AVP levels in major depression is suggested by Maes et
al. (1993), when they found a lower serum prolyl en-
dopeptidase (PEP) in patients with major depression.
PEP is a serine proteinase that degrades substrates such
as AVP. Thus, lower PEP activity may lead to increased
concentrations of AVP (Maes et al. 1993).

Plasma AVP and Psychomotor Retardation

Plasma AVP concentrations were higher in patients
with severe psychomotor retardation than in patients
with mild or no symptoms of psychomotor retardation.
The correlation between mean levels of plasma AVP
and scores on the Widl6cher scale was found not to be
significant after Bonferroni correction. Since this was an
exploratory study, we do consider that this possible re-
lationship may be indicative of a trend. Although im-
mobilization in rats is very different from psychomotor
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retardation in humans, it is interesting to note that re-
peated immobilization stress (De Goeij et al. 1992a) and
chronic psychosocial stress (De Goeij et al. 1992b) en-
hanced vasopressin synthesis in CRF neurons of the
paraventricular nucleus in rats.

Plasma AVP and Neuroticism

Plasma AVP was inversely associated with neuroticism.
The significance of this correlation was due to the input
of patients with a recurrent depressive episode who
had high levels of neuroticism. Neuroticism is strongly
related to both lifetime and 1-year prevalence of major
depression (Kendler et al. 1993). In that respect, it might
be interesting to look for the predictive value of high or
low plasma AVP concentrations and bad outcome.

The plasma OT concentrations of patients varied
over a wide range, so that no changes were significant.
There was, though, a trend to elevated levels. The in-
creased levels of basal plasma cortisol in the depressed
patients were consistent with the hyperactivity of the
HPA axis in patients with major depression (Carroll
1972). A correlation between plasma AVP and cortisol
levels could have been expected because of the involve-
ment of AVP in the ACTH response to stress (Bisset and
Chowdrey 1988), but was not found.

To summarize in brief, we found elevated plasma
concentrations of AVP in our sample of depressed pa-
tients. These results suggest that AVP could play a role
in the clinical picture of major depression, either di-
rectly, or indirectly as a mediator of the HPA axis.
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