
© 1998 WILEY-LISS, INC.

DEPRESSION AND ANXIETY 8:71–79 (1998)

CEREBROSPINAL FLUID CONCENTRATIONS OF
CORTICOTROPIN-RELEASING HORMONE, VASOPRESSIN,

AND SOMATOSTATIN IN DEPRESSED PATIENTS AND
HEALTHY CONTROLS: RESPONSE TO AMITRIPTYLINE

TREATMENT

I. Heuser,1* G. Bissette,2 M. Dettling,1 U. Schweiger,1 U. Gotthardt,1 J. Schmider,1 C.-H. Lammers,1

C.B. Nemeroff,3 and F. Holsboer1

The effect of amitriptyline upon hypothalamic-pituitary-adrenal [HPA]-sys-
tem-regulating neuropeptides (corticotropin-releasing hormone [CRH], vaso-
pressin, somatostatin) was studied in a group of depressed elderly patients and
controls. A first lumbar puncture was performed in 37 depressed in-patients.
This was followed by a 6-week medication phase with amitriptyline. Upon its
completion a second cerebrospinal fluid (CSF) sample was obtained in 18 of
these 37 patients. In 25 healthy controls a first lumbar puncture was done; eleven
of these individuals agreed to take 75 mg/d amitriptyline for 6 weeks and to par-
ticipate in the follow-up CSF study. Within the group of depressed patients ami-
triptyline led to a significant decrease of CSF CRH in treatment responders only
(F1,16 = 5.2; P < 0.02). Also, in normal controls CSF CRH concentration tended to
decrease with amitriptyline treatment (t-test; P < 0.09). No effects of amitrip-
tyline upon vasopressin or somatostatin were observed. In normal controls (r =
0.4; P < 0.02) and in patients (r = 0.4; P < 0.03) age correlated positively with
baseline CSF somatostatin. A trend for CSF CRH to increase with aging was
found only in controls (r = 0.3; P < 0.09); patients did not show a significant
association here. Finally, CSF neuropeptide concentration at baseline did not dif-
fer between the group of depressed patients and healthy controls. Our study cor-
roborates the evolving concept that antidepressants effect various components of
the HPA system with the net result of a reduction in its activity. In addition, we
found CSF CRH and CSF somatostatin concentrations to be better reflections of
age than of depression and, finally, that during aging and during depression the
HPA system changes in similar directions. Depression and Anxiety 8:71–79,
1998. © 1998 Wiley-Liss, Inc.
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INTRODUCTION
Patients with depression frequently have symptom
clusters (sleep disturbances, altered eating behavior,
decreased libido, cardiovascular changes, cognitive
deficits and changes in hormone secretion) which
strongly suggest the pathological involvement of the
hypothalamic-pituitary-adrenal (HPA) axis in affective
disorders; it is equivocally established that dysreg-
ulation of the HPA system is very common in patients
with major depression [1]. In depressed patients the
findings of sustained hypercortisolemia, cortisol escape
from dexamethasone suppression (DST), a blunted
ACTH response to CRH and exaggerated ACTH and
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cortisol responses after dexamethasone pretreatment
and CRH stimulation (DEX/CRH-test) are all indica-
tions of an overactive and/or dysregulated HPA sys-
tem [2–5].

The hypothesis has been advanced that hypotha-
lamic hypersecretion of corticotropin-releasing-hor-
mone (CRH) contributes to the hyperactivity of the
HPA system in patients with major depression. In-
deed, several studies have demonstrated significant
elevation of CRH in cerebrospinal fluid (CSF) in
drug-free patients with major depression [6,7]. Also,
cisternal CRH concentrations were found to be higher
in depressed suicide victims in comparison to “sudden
death” controls [8]. However, others found no differ-
ences in CSF CRH concentrations between depressed
patients and controls [9,10]. Finally, elevated CSF
CRH concentrations in depressed patients decrease
significantly after successful treatment with antide-
pressants or ECT, and HPA axis function (DST, DEX/
CRH test) normalizes with resolution of depressive
psychopathology [11–15,5].

However, CRH is not the sole HPA system regula-
tor. Studies in both laboratory animals and humans
have provided evidence that arginine-vasopressin
(AVP) is able to potentiate the ACTH-stimulating ef-
fects of CRH at the pituitary [16–19]. Hence, one
might posit altered CSF AVP concentrations in de-
pression. One CSF study reported significantly de-
creased AVP concentrations in depressed patients in
comparison to healthy controls [20], whereas another
found no differences [21].

Somatostatin (SOM) is another hypothalamic neu-
ropeptide involved in the regulation of the HPA sys-
tem. SOM has mainly inhibitory effects upon release
of other pituitary hormones, a fact which led McCann
[22] to propose changing the name of SOM to “pan-
hibin.” In clinical studies, CSF SOM was mostly
found to be decreased in depressed patients, especially
in those who were DST-nonsuppressors [23–28]. A
post-mortem study found no differences in cortical
SOM-immunoreactivity, affinity or binding capacity
of SOM-receptors between depressed patients and
controls [29]. However, in contrast to antidepressive
treatment effects upon CSF CRH concentrations, no
significant changes were observable in CSF SOM after
ECT [13] and at least one study found CSF SOM not
to differ among various psychiatric patients [30].

Neuroendocrine research about changes of the HPA
axis across the life-cycle has advanced our knowledge
about the major role this system plays in controlling
certain aging processes and in modulating develop-
ment of pathology which becomes more likely with
increasing age. For example, in aging rats basal gluco-
corticoid plasma concentrations increase and adre-
nocortical recovery from stress is delayed [31]. In
humans, aging is associated with a higher likelihood of
nonsuppression in the DST, enhanced cortisol re-
sponses to mental stress and increased release of
ACTH and cortisol in the DEX/CRH test [32–34]. To

date however, it still remains to be elucidated which
component of the HPA system contributes to age-re-
lated HPA changes: experimental studies in rats report
an increased activity of central AVP neurons with ag-
ing, possibly due to an age-associated desensitization
of renal AVP receptors [35]. Post-mortem studies in
humans strongly support the hypothesis that AVP
neurons in the PVN are hyperactivated in aging [36–
38] and in depression.

Finally, animal studies demonstrated reductions of
SOM prohormone mRNA expression in cortical brain
areas—but not in the hypothalamus—of aged rats, an
increased in vitro release of SOM from aged hypo-
thalami, a marked loss of SOM receptors in various
cortical and subcortical brain areas and an age-associ-
ated increased pituitary sensitivity to SOM [39–42]. In
humans, most CSF studies found no effect of age
upon SOM concentrations [27,43–45].

In the current study, we sought to delineate the ef-
fects of depression, age and antidepressant medication
upon the HPA-system-regulating neuropeptides by
treating depressed patients and elderly, non-depressed
probands for 6 weeks with an antidepressant. Before
and after the medication interval a lumbar puncture
for determination of CSF concentrations of CRH,
AVP and SOM was performed.

SUBJECTS AND METHODS

SUBJECTS
A total of 37 in-patients (26 female; 11 male) who

fulfilled DSM-III-R criteria [46] for a major depressive
episode participated in the study after providing in-
formed consent. Patients with mood-incongruent psy-
chotic features were not included. The mean age of the
patients was 46.8 ± 17.0 years (mean ± SD)(range 22–82
years) and the mean body-mass index (BMI) was 23.6 ±
4.1. The Hamilton Depression Rating Scale score
(HDRS)[47] before treatment averaged 26.3 ± 4.1
(range 18–40); after treatment the mean HDRS was
11.6 ± 7.5 (range 1–26). Age of onset of depressive ill-
ness (= first major depressive episode ever to occur) was
40 ± 17 years (range 17–82 years). Over all, duration of
the affective disorder varied from <1 to 39 years, with a
mean of 8.1 ± 11 years. Number of depressive episodes
varied from one to 14, with a mean of 3 ± 3. Duration
of the index episode averaged 15.2 ± 17.2 weeks.

Eighteen of the 37 patients agreed to be restudied
after completion of a 6-week treatment trial with ami-
triptyline (75 mg/d); the mean age of this patient sub-
group was 48 ± 15 years. Nine of these patients were
considered responders to treatment and nine were
nonresponders (response was defined as a drop of at
least 50% in the HDRS score after treatment). Mean
HDRS of responders before treatment was 25.2 ± 6.4,
that of nonresponders, 27.9 ± 5.3; after treatment re-
sponders had an HDRS score of 5.6 ± 4.3; non-
responders scored 18.4 ± 3.2.
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HEALTHY CONTROLS
Twenty-five healthy controls (eight females, 17

males) with a mean age of 65.5 ± 15.4 years, ranging
from 23 to 85 years, and a mean BMI of 24.2 ± 3.7
were studied at baseline. Eleven of these 25 individu-
als agreed to take 75 mg/d amitriptyline for 6 weeks
and to undergo follow-up study. The mean age of this
subgroup of probands was 68 ± 10 years (seven males,
four females). All individuals were in good medical
condition, free of any psychoactive drugs and without
a personal or family history of psychiatric or neuro-
degenerative disorders. Two of the elderly volunteers
(one male, one female) received antihypertensive
medication and one other female received digitalis;
none of the elderly females received estrogen replace-
ment therapy.

STUDY DESIGN
In patients, any previous psychopharmacological

medication was discontinued upon admission to the
hospital, and thereafter patients were kept medica-
tion-free for at least 5 d to achieve drug-free condi-
tions. None of the patients had been pretreated with
fluoxetine; thereafter the first lumbar puncture (PRE)
was performed. Then the 6-week medication phase
with amitriptyline (75 mg/d) was started and upon its
completion the second CSF sample was obtained.

Normal volunteers were hospitalized at approxi-
mately 1300 the day prior to the CSF study; after the
lumbar puncture probands remained in the hospital
for an observation period of at least 6 h. Those 11
who received amitriptyline (75 mg/d) at 2200 every
day for 6 weeks were readmitted to the hospital for a
second lumbar puncture.

LUMBAR PUNCTURES
After 12 h of fasting and an overnight controlled

bedrest, starting at 2200 the previous night, the proce-
dure was performed at 0800 with the subject in the
lateral decubital position. An atraumatic needle was
advanced between the fourth and fifth lumbar inter-
vertebral space and four aliquots of 2.5 ml spinal fluid
were obtained. Aliquots were immediately placed on
dry ice and after completion of the lumbar puncture
stored at –80°C. The neuropeptides were measured
only in the third and fourth aliquots to prevent the
confound of a possible rostral-caudal gradient.

ASSAYS
The frozen spinal fluid samples were transported by

air in a styrofoam box containing dry ice to the United
States (Dr. Garth Bissette, Department of Psychiatry,
Duke University Medical Center, Durham, NC) for
peptide analyses. All samples were coded before trans-
portation and the code was made available to the labo-
ratory only after all the samples had been analyzed.
CRH, AVP and SOM were measured using sensitive
and specific radioimmunoassay procedures described

earlier [6,26]. Each neuropeptide assay measured the
pretreatment and posttreatment CSF samples in a
single batch using freshly prepared radioactive tracers.

STATISTICS
Differences in group means (patients vs. controls) of

the CSF neuropeptide data were compared separately
for PRE- and POST-treatment time points using
ANCOVA, factorial design with age as covariate to ac-
count for the fact that on average patients were
younger than controls. Differences between respond-
ers and nonresponders before and after treatment
were analyzed by ANOVA. Statistical analysis of treat-
ment effects within the control group and within each
of the response groups was carried out separately for
each neuropeptide using paired t-tests. Correlations
between neuropeptide concentrations and background
variables (e.g., HAMD scores, duration of illness) and
relationships between the three neuropeptides were
explored by Pearson’s product-moment coefficient. All
hormone data were log-transformed prior to statistical
analysis to correct for heteroscadacity. Statistical sig-
nificance was accepted at P < 0.05. Results are re-
ported as means ± standard deviation of the non-log
transformed data in the text and in the tables.

RESULTS
ANCOVA analysis for the CSF-PRE concentrations

revealed that diagnosis (patients vs. controls) did not
affect CSF-PRE concentrations of any neuropeptide
studied (Table 1). However, a significant age effect
upon CRH (F1,58 = 6.8; P < 0.01) and a pronounced
impact of the covariate on SOM (F1,58 = 9.7; P <
0.003), but not upon AVP (F1,58 = 2.9; P < 0.1),
emerged: correlational analysis indicated that within
the group of normal controls age correlated positively
with SOM PRE (r = 0.4; P < 0.02), the same was true
for the group of patients (r = 0.4; P < 0.03). A trend

TABLE 1. CSF neuropeptide concentrations (pg/ml) in
depressed patients and controls before (pre) and after
(post) amitriptyline

Depressed patients Normal controls
(pre, n = 37; (pre n = 25;
post, n = 18) post n = 11)

Age** (years) 46.8 ± 17.2 65.5 ± 15.4

CRH pre 49.6 ± 18.4 49.6 ± 13.3
CRH post 45.2 ± 12.4 41.5 ± 11.4

AVP pre 3.7 ± 0.8 3.7 ± 0.7
AVP post 3.8 ± 0.5 4.1 ± 0.5

SOM pre 31.4 ± 9.9 38.6 ± 8.8
SOM post 33.9 ± 9.8 34.9 ± 8.6

**Normal controls were significantly older than patients (t–test; P < 0.001).
CRH, corticotropin–releasing hormone; AVP, arginine–vasopressin; SOM,
somatostatin.
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for CSF CRH to increase with age was found only in
controls (r = 0.3; P < 0.09); patients did not show a
significant association (r = 0.2; P < 0.2). However, after
pooling patients and controls, the correlation between
CSF CRH-PRE and age remained significant (r = 0.3;
P < 0.02). Finally, in neither group did AVP correlate
significantly with age. Also, no interaction effect be-
tween age and diagnosis was found.

Comparing group means (patients vs. controls) for
CRH, AVP and SOM at baseline (PRE) between
strictly age-matched individuals confirmed that pa-
tients and probands did not differ in these parameters
(Table 2).

Nine of the 18 depressed patients who agreed to
have a second spinal tap after completion of antide-
pressant treatment were considered treatment re-
sponders (RES) and nine did not respond sufficiently
to 6 weeks of amitriptyline (Non-RES). Treatment re-
sponders were on an average 10 years older (53.9 ±
22.9 years) than treatment nonresponders (44.5 ± 10.8
years), but this difference did not attain statistical sig-
nificance. There was no difference between respond-
ers and nonresponders in age of onset (responders,
41.1 ± 21.6 years; nonresponders, 36.4 ± 13.8 years),
or number of previous episodes (responders, 2.1 ± 2;
nonresponders, 4.2 ± 4.6). There was a trend for CSF
CRH-PRE to be higher in non-RES in comparison to
RES but the difference was not significant (Table 3).
After treatment, however, there was a statistically signifi-
cant (F1,16 = 5.2; P < 0.02) lower CSF CRH concentra-
tion in RES as opposed to non-RES. No difference was
found in either AVP or SOM CSF concentrations before
or after amitriptyline treatment between the two re-
sponse groups. Moreover, in patients there was no cor-
relation between severity of depression as measured
with the HDRS and any of the CSF neuropeptide
concentrations at baseline.

CSF CRH concentrations tended to decrease (paired
t-test; P < 0.09) also in normal controls after amitrip-
tyline, whereas the other neuropeptides did not change
significantly.

With regard to the relationship between the differ-
ent peptides no significant associations were found.

However, plotting correlational matrices for PRE
concentrations of CRH and SOM of all patients gave
the impression that, in those patients with CSF CRH-
PRE levels ranging at or above 50 pg/ml, a positive
association between these two neuropeptides might
exist, which was absent in the “lower” (<50 pg/ml)
CSF CRH group (Table 4). Indeed, in the former
group, there was a statistically significant positive cor-
relation (r = 0.8; P < 0.02) between PRE levels of CSF
CRH and SOM which was not found for the latter
group (r = 0.2; P < 0.3). However, within the group of
the 18 restudied patients POST-CRH and -SOM
were significantly associated after treatment (r = 0.5; P
< 0.02). Likewise, in normal controls PRE-CSF SOM
and -CRH were significantly correlated (r = 0.6; P <
0.002). In contrast, no relevant correlations were seen
between either CSF CRH and AVP, the HAMD
scores and any neuropeptide levels or among any
background variable and CSF CRH, AVP and SOM
concentrations in the patient group.

DISCUSSION
The major findings of this study were as follows. 1)

CSF neuropeptide concentrations did not differ be-
tween depressed patients and healthy controls. 2)
With aging, CSF concentrations of somatostatin, but
not of vasopressin, increased, whereas only in healthy

TABLE 2. CSF-neuropeptide concentrations in elderly
depressed patients and strictly age-matched controls
before amitriptyline

Depressed patientsa Normal controlsb

(n = 11) (n = 22)

Age (years) 68 ± 10 69 ± 6
CRH (pg/ml) 48 ± 13 51 ± 14
AVP (pg/ml) 4.1 ± 0.8 3.8 ± 0.7
SOM (pg/ml) 35 ± 10 40 ± 7
aSeven females, four males.
bEight females, 14 males.
CRH, corticotropin–releasing hormone; AVP, arginine–vasopressin; SOM,
somatostatin.

TABLE 3. CSF-neuropeptide concentrations (pg/ml)
in treatment responders (RES) and nonresponders
(Non-RES) before (pre) and after (post) amitriptyline

RES Non–RES
(n = 9) (n = 9)

CRH pre 45.1 ± 12.6 50.1 ± 11.1
CRH post 38.9 ± 7.9 51.6 ± 13.3
AVP pre 4.1 ± 0.5 3.8 ± 1.1
AVP post 3.9 ± 0.5 3.8 ± 0.4
SOM pre 32.8 ± 7.7 31.6 ± 11.4
SOM post 34.4 ± 10.0 33.4 ± 10.2

CRH, corticotropin–releasing hormone; AVP, arginine–vasopressin; SOM,
somatostatin.

TABLE 4. Depressed patients grouped according
to “high” (³50 pg/ml) and “low” (£50 pg/ml) pre
CSF CRH

CSF CRH “high” CSF CRH “low”

N 10 27
Age (years) 46 ± 15 47 ± 18
HDRS 25 ± 5 26 ± 7
CRH 61 ± 9 41 ± 5
SOM 34 ± 11 30 ± 9
AVP 4 ± 1 4 ± 1

HDRS, Hamilton Depression Rating Scale; CRH, corticotropin–releasing
hormone; AVP, arginine–vasopressin; SOM, somatostatin.
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individuals, but not in depressed patients, a trend for
an age-associated increase in CSF CRH was found. 3)
CSF concentrations of CRH and SOM were tightly
correlated across all subjects with the exception of the
subgroup of untreated depressed patients with lower
CRH levels. AVP and CRH or AVP and SOM showed
no correlations. 4) Amitriptyline led to a significant
decrease of CSF CRH in responders to antidepressant
treatment. Similarly, in normal controls CSF CRH
concentrations tended to decrease with amitriptyline
treatment; the two other neuropeptides studied were
not affected by medication.

On the basis of findings related to the sites of origin
of CSF levels of CRH, these CSF concentrations are
probably derived from brain regions outside the me-
dian eminence, such as hippocampus, cerebral cortex,
amygdala, bed nucleus of the stria terminalis, and cor-
tical areas [48,49].

Our finding of comparable CSF concentrations of
CRH in depressed patients and normal probands is in
contrast to a series of earlier studies using single-point
CSF samples, in which significant elevation of CSF
CRH in drug-free depressed patients as opposed to
controls has repeatedly been demonstrated [50]. How-
ever, our findings are consistent with those of Roy et
al. [9], who also found no differences in mean CSF
CRH between a group of unipolar and bipolar de-
pressed patients and healthy controls.

Another study also reported similar CSF concentra-
tions between 62 healthy volunteers and 34 depressed
patients, whose age range was similar to that of the
patients we studied [10]. One possible explanation to
reconcile these discrepancies with regard to CSF
CRH in depression might be: CSF CRH-PRE was al-
most identical in our younger patients and elderly
controls; a trend for CRH to be positively associated
with aging was found only in the control probands.
Thus one might expect CSF CRH concentrations in
our younger patients to be at least somewhat lower
than in the old controls. Because this was not the case,
one might speculate that in depressed patients, a possi-
bly existing state-dependent CRH overactivity was
masked or overridden by the greater impact age might
have on its concentration. Disagreeing with such an ex-
planation are, of course, the results of the ANCOVA,
where we controlled for age effects with regard to CSF
concentrations, and of our separate analysis, where we
compared CSF concentrations between strictly age-
matched individuals and found them to be similar in
depressed patients and controls. A somewhat indirect
support for our negative findings concerning CSF
CRH levels is given by two studies reporting (in con-
trast to the findings by Nemeroff et al. [51]) no sig-
nificant alterations in either CRH immunoreactivity
or receptor binding in the frontal cortex of patients
with major depression when compared with normal
controls [52,53].

Our study is in agreement with others reporting
significant reductions in posttreatment relative to pre-

treatment samples of CSF CRH concentrations after
antidepressants or ECT in depressed patients, and
with another study demonstrating a significant dose-
dependent reduction in CRH CSF concentration fol-
lowing 2 d of desimipramine administration to healthy
volunteers [13,14,45,54,55]. In addition, a recent
study found no differences in CSF CRH between anti-
depressant-treated depressed patients and healthy
controls [53]. Those patients of our study that were
considered responders to 6 weeks of amitriptyline ex-
hibited a significant reduction in CSF CRH concentra-
tions, and there was a trend for amitriptyline to lower
CSF CRH concentrations in the normal volunteers.
Recently the concept has evolved that antidepressants
affect various components of the HPA system with the
net result of a reduction of its activity [56–58]. These
observations are corroborated by studies in rats demon-
strating mRNA expression of CRH and of tyrosine hy-
droxylase in the locus coeruleus to be decreased after
desipramine, while mRNA expression of hippocampal
mineralocorticoid receptors (MR), which are crucially
involved in feedback regulation of the HPA system, is
increased [59]. In another study this group also showed
that other antidepressants, such as fluoxetine, idazoxan
and phenelzine, reduce CRH mRNA expression [60].
However, to date it is not clear whether these reduc-
tions in CRH mRNA expression are, first, of functional
relevance and, second, not counterregulated by CRH-
receptor adaptations.

Numerous studies have suggested that with aging
the HPA system becomes more active in rats and hu-
mans [61–63,33,34]. Although it still remains uncer-
tain which component of the HPA system undergoes
which changes, it has been reported that in male rats a
progressive hypothalamic CRH deficiency with aging
seems to be linked to elevated production of vaso-
pressin in the hypothalamus, resulting in an age-asso-
ciated hyperactivity of the HPA system [64]. Others,
however, support the notion that an age-related de-
crease in pituitary CRH receptors is in response to an
increased secretion of hypothalamic CRH [64–67].
With regard to humans, post-mortem studies suggested
a significant age-dependent increase in the total num-
ber of CRH neurons in the nucleus paraventricularis
(PVN) in non-depressed humans [68]. However, it is of
relevance in the context of our study that in depressed
patients the increase that was observed was not age de-
pendent. Obviously, as also seen in our study, the posi-
tive correlation between age and CRH may be masked
if the individual is also depressed.

It has been established that AVP is a cosecretagogue
of CRH at the corticotroph [17,69] and that under
conditions of chronic stress in rats the number of
CRH cells and AVP colocalization in CRH-containing
vesicles increase [70–72]. Also, post-mortem studies in
severely depressed humans found a threefold increase
in CRH neurons coexpressing AVP together with an
increase in the total number of AVP-immunoreactive
neurons in the PVN [68,73]. Similar results have been
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obtained in studies measuring CRH and AVP mRnA
expression [38].Recently a strong positive correlation
between CSF CRH and CSF AVP in medicated, de-
pressed patients has been shown [55] and earlier, in a
small sample of depressed patients, slight, albeit statis-
tically significant decreases in both CSF CRH and
AVP following a minimum of a 6-week treatment with
20 mg fluoxetine were observed [14]. These findings
are in contrast to our data where AVP appeared to be
remarkably inert across the two groups and was not
changed after treatment. We were also unable to de-
tect any age- or depression-dependent variations in
CSF AVP, which disagrees with post-mortem studies,
indicating tightly coregulated activation of CRH- and
AVP-containing neurons [74]. These authors investi-
gated brains of 13 subjects between the ages of 23 and
91 years. Colocalization of CRH and AVP in the PVN
was only found in individuals older than 40 years and,
with two exceptions, from 52 years onwards in all sub-
jects this colocalization was detectable. Given these
post-mortem findings, it might very well be that in
both our groups of younger, but depressed patients and
older, but healthy controls, AVP systems were activated
to a similar degree, albeit for different reasons; thus our
failure to detect differences in CSF levels. However, if
such a scenario accounted for our results, one would
expect 1) strong interaction effects between depres-
sion and aging to emerge and 2) a substantial positive
correlation between CRH and AVP to be detectable;
neither was the case. Therefore, we draw the conclu-
sion that the role of AVP in humans is of minor im-
portance in depression and aging. However, it is
important to point out that CSF measurements re-
main an indirect measure of extracellular fluid concen-
trations of neuropeptides and are no substitute for
post-mortem brain tissue studies.

In contrast to the majority of previous studies we
found similar CSF SOM levels in patients and con-
trols and a positive correlation between age and SOM.
Also, a complicated relationship between CRH and
SOM was apparent: while in healthy individuals CRH
and SOM were clearly coregulated, this was seen only
in unmedicated patients with relatively high (>50 pg/
ml) CSF CRH. Surprisingly, after antidepressant
treatment, despite a mean CRH level of 45.2 pg/ml,
POST-CSF SOM and CRH from depressed patients
were correlated similar to normal controls. Decreasing
growth hormone secretory activity is one of the endo-
crine hallmarks of aging. The activity of the somatotro-
pic system is mediated by two hypothalamic hormones:
growth hormone-releasing hormone (GHRH) and so-
matostatin (growth hormone-inhibiting hormone). Al-
though the precise underlying mechanism which leads
to a diminished GH activity in aging still remains un-
clear, several studies in humans suggest that this might
be due at least in part to an increase in basal SOM
secretion [75]. However, one has to consider that the
SOM measured in these two aforementioned studies
may have originated mainly in the gut rendering infer-

ences to hypothalamic and/or cortical SOM difficult.
As mentioned in the Introduction, the majority of
CSF studies in depressed or healthy humans were un-
able to detect an effect of age upon CSF SOM. How-
ever, evidence from animal experiments suggests that
with aging, central components of the SOM system
change in ways that might lead to the net result of in-
creased secretion of this neuropeptide [76–78]. Thus,
our findings of an age-associated increase in CSF
SOM corroborate these data from the preclinical area.

Numerous studies found CSF SOM to be significantly
decreased in depressed patients as opposed to normal
controls [50]. We were unable to replicate these findings
and interpret our results as follows. Because age was
strongly and positively correlated with CSF SOM, if
CSF SOM were indeed decreased in depression, one
would expect our considerably younger depressed pa-
tients to have much lower SOM concentrations than the
elderly controls. In fact, the depressed patients did have
lower CSF SOM levels than the healthy probands, but
this was not statistically significant after controlling for
age. Also, there was no difference in strictly age-matched
depressed patients and healthy controls, although SOM
was insignificantly higher in controls, again supporting
the notion that age, but not depression, is a major modu-
lator of CSF SOM.

Interestingly, in our sample SOM and CRH were
tightly coregulated. Somatostatin appears to play a
major role in the regulation of the HPA-system activity,
although its precise underlying mechanisms remain un-
clear. It was shown that intracerebroventricular admin-
istration of cysteamine, which depletes central SOM
stores, leads to an inhibition of dexamethasone-in-
duced corticosterone suppression [79]. In another
study, all but one of the healthy volunteers who re-
ceived 80 mg of prednisone for 5 d showed a reduc-
tion in CSF SOM supporting previous animal and in
vitro experiments [80]. Also, a significant negative cor-
relation was reported between post-dexamethasone
plasma cortisol concentration and CSF SOM in de-
pressed patients [25], supporting the notion that ei-
ther SOM might counterregulate HPA-system activity
or that glucocorticoids suppress SOM. Paradoxically,
in our study depressed patients with higher CSF CRH
and thus, presumably, elevated plasma cortisol showed
a linear and positive relation between the two neu-
ropeptides before amitriptyline, whereas after treat-
ment this relationship was also seen in the, by then,
“lower level” CRH patients. Taken together with a
study by Kling et al. [81], who found an inverted 
U-shape relationship between post-dexamethasone
cortisol and CSF-SOM concentrations in depressed
patients, this suggests the following hypothesis: in de-
pression only an as yet unidentified factor delineates
or modulates a threshold above which SOM activity
increases in concert with heightened HPA-system ac-
tivity and eventually exerts inhibitory effects upon the
HPA system as reflected by decreasing concentrations
of CRH while SOM is still high.
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In conclusion, we found CSF CRH and SOM con-
centrations to be better reflections of age than of de-
pression. This is strongly supported by the fact that
neither of these two, tightly coregulated neuropeptides
varied with the severity of depression. The fact that
amitriptyline led to a reduction in CSF CRH only in
treatment responders and the finding that before ini-
tiation of treatment prospective nonresponders had
higher, albeit statistically not significant, levels of
CRH, support the notion that CRH is causally in-
volved in the etiology of depression. This is corrobo-
rated by our findings that the elderly healthy controls,
who had CSF CRH levels similar to the depressed pa-
tients before amitriptyline and had concentrations after
treatment comparable to the depressed treatment re-
sponders, also exhibited markedly lower CRH after
amitriptyline than the depressed nonresponders. Fi-
nally, the finding that in elderly controls CRH and
SOM were coregulated in a similar fashion as in de-
pressed patients after treatment and, second, that ami-
triptyline lowered CRH also in the elderly healthy
individuals strengthens the notion that during aging
and during depression the HPA system undergoes
changes in a similar direction.
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